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Absorption Spectra in Relation to the Constitution of nani. 


192. Absorption Spectra in Relation to the Constitution of Keto-enols. 
By R. A. Morton, Att Hassan, and T. C. CALLoway. 


THE evidence concerning the constitution of the enolic forms of many $-diketones and 
8-keto-esters is very conflicting. Well-tried physical criteria and diagnostic methods lead 
to mutually incompatible results, and the inconsistencies serve to emphasise the need 
for caution in the choice of a structural formula for every component in labile systems. 

Benzoylacetone provides a test case because the terminal groups are markedly different. 
Apart from the diketonic structure (I), enolisation of either the benzoyl or the acetyl group 
or both may be postulated. Stereoisomerism in the mono-enols may occur, and in addition 
some form of chelation is plausible for the stereoisomerides in which the enolic hydroxyl 
and the unaltered carbonyl group are not well separated in space. Hence, if one dienolic 
form is included, there are eight possible formulations : 


(L) Ph*CO-CH,*COMe Ph-C(OH):C:C(OH)Me (IV.) 
Me-CO-CH (I1.) Me-CO*CH . 7CMeCH\-p), 
Ph-C-OH OH-C:Ph a, ree 
(IIa.) (IIb.) (IIc.) 
Ph:CO-CH (ur) Ph-CO-CH ZCPhCHY oy) 
Me-C-OH OH-C-Me Cy . 
(IIIa.) (IIIb.) (IIIc.) 


From Meyer’s bromine absorption data (Annalen, 1911, 380, 212; Ber., 1912, 45, 2849) 
and Hieber’s data (Ber., 1921, 54, 902) based on the copper acetate method, the solid 
cannot contain more than 1% of diketone (I) and is almost certainly entirely enolic, but 
aqueous solutions at equilibrium contain only 32-5% of enol, so (I) evidently exists in 
solution. The products obtained upon alkaline hydrolysis support Claisen’s view that 
enolisation occurs at the acetyl group, but Meyer, having observed in related compounds 
an increasing tendency towards enolisation of acyl groups in the order 

CO,Et <COMe<COPh<CO-CO,Et, 
concluded that benzoylacetone enolises at the benzoyl group. 

Scheiber and Herold (Annalen, 1914, 405, 295) found that decomposition of benzoyl- 
acetone ozonide yielded benzoic acid and methylglyoxal, the former in a yield corresponding 
to 97-5% of that expected for 8-hydroxystyryl methyl ketone; the solid was considered 
to be homogeneous (II), but a little of (III) and (IV) were postulated for solutions at 
equilibrium. Michael and Ross (J. Amer. Chem. Soc., 1931, 58, 2399), however, have pointed 
out that, as ozonisation is a slow process, it does not provide an unequivocal means for 
deciding between two alternative enolic structures. The evidence for dienolisation rested 
upon the process 


>C=C=C< + 2>C0 + CO, + 2H,0,, 


but the proportions of (III) and (IV) could not apparently have been other than very small. 
Realising that alkali fission of (II) should yield benzoic acid and acetone, whereas acetic acid 
and acetophenone are in fact formed, Scheiber and Herold suggested that the activated 
double bond of (II) might be less reactive than that of (III) or that sodium benzoylacetone 
might be derived from (III). The evidence of Claisen (Ber., 1926, 59, 144) concerning the 
reactivity of benzoylacetone with sodium hydroxide, ammonia, hydroxylamine, and aniline 
indicates greater reactivity at the acetyl group and is regarded (Michael and Ross, Joc. cit.) 
as favouring the constitution (III). The same authors found that sodium benzoylacetone 
reacts (to the extent of at least 85%) with methyl chloroformate as if it possesses the 
structure Ph-CO-CH:C(ONa)-Me. Nevertheless, Michael and Ross agree that, since the 
benzoyl group is decidedly more negative than the acetyl group, the sodium derivative 
should exist largely as Ph*C(ONa):;CH-COMe, although in all energetic reactions the 
alternative sodium derivative reacts preferentially. 

Sidgwick (J., 1925, 127, 907; see also Pfeiffer, Annalen, 1913, 398, 137; Lowry and 
Burgess, J., 1923, 128, 2111, for ‘earlier suggestions on co-ordinated hydrogen) has argued 

3N 
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that a chelate ring, in which hydroxyl takes part, occurs in the enolic forms of 6-diketones 
and $-keto-esters. Open-chain enols, being hydroxylic, would be expected to show higher 
boiling points than the corresponding ketones and to be more soluble in hydroxylic solvents 
and less soluble in hydrocarbons ; chelated enols, on the other hand, would not be associated, 
and would exhibit lower boiling points, smaller solubilities in water, and greater solubilities 
in non-polar solvents than the ketones. The data for many keto-enols led Sidgwick to 
conclude that the enolic modifications were mainly, if not wholly, chelated. Sidgwick 
and Brewer (J., 1925, 127, 2379) considered that the metallic derivatives of 6-diketones 
might be either salts or covalent chelated compounds; ¢.g., lithium benzoylacetone, on 
account of its insolubility in toluene and other properties, is regarded as a salt, whilst the 
potassium analogue behaves as a chelated compound. Anhydrous sodium benzoylacetone 
seems to be a salt, but on recrystallisation from 96% alcohol it is converted into a dihydrate, 
which, being soluble in toluene, appears to be chelated. 

Sugden (J., 1929, 316), from the parachor of benzoylacetone, obtained evidence of an 
open-chain structure, the experimental data showing “ that free 8-diketones have but little 
tendency to form the chelate ring.”” The observed parachor was 382-4, as against 381-1 
calculated for the open-chain compound and 364 for a chelated enol formulated on the 
basis of co-ordinated singlets. The-conceptions of chelation held by Sidgwick and Sugden 
must be noted. The latter (‘‘ Parachor and Valency,”’ 1930, p. 149) rejects the formulation 
(V), since the association of more than two electrons with the hydrogen atom in the K level 
violates Pauli’s principle, and adopts the singlet formula (VI). It will be observed that 


wt He “a, 
(V.) ll 7 (VI.) 
Hcl Yu HCE HH 

R=C=O0? R—=C=04 
this formulation abolishes the distinction between the chelated forms CPh(OH):CH-COMe 
and COPh-CH:C(OH)Me, whereas in Sidgwick’s formulation [cf. (V)] the distinction persists. 
Sugden submits very strong evidence that in the metallic derivatives of 8-diketones, the 
residual valency is best written as a singlet rather than a duplet linkage, giving a sym- 
metrical formula which makes every atom in the molecule neutral. 

The recent work of von Auwers (Ber., 1933, 66, 955) on the dispersion of benzoylacetone 
and its ethers is indecisive as regards the constitution of the enolic form, but doubt is cast 
upon the evidence in favour of the existence of the dienol (IV). 

The situation is but little clearer in the case of the simpler compound acetylacetone. 
Apart from the fact that Sidgwick’s criteria again indicate chelation of the enol, and the 
parachor supports an open-chain formula rather than an enol involving co-ordinated 
singlets, there is an additional complication in that Henri and Bielecki (Compt. rend.; 1914, 
158, 1022) adopted the formula CH,°CO-CH,°C(OH):CH, on the basis of spectrographic 
evidence, although von Auwers (Ber., 1917, 50, 937) considered the more usual formulation 
CH,°CO-CH:C(OH):CH, to be in much better accord with the refractometric as well as the 
chemical evidence, a conclusion in harmony with the ozonisation experiments of Scheiber 
and Herold, who found, however, evidence of some dienolisation. 

Even with the $-keto-esters the position is unsatisfactory. The difficulty in choosing 
between chelated and open-chain enols persists, and in addition Henri and Bielecki (Compt. 
vend., 1914, 158, 866) and Grossmann (Z. physikal. Chem., 1924, 109, 305) postulate 
enolisation at the carbethoxy-group, although the equilibria studied by Meyer and the 
ozonide decompositions studied by Scheiber and Herold indicate strongly that for ethyl 
acetoacetate the formula CH,°C(OH):CH-CO,Et is to be preferred. The decomposition 
of ethyl benzoylacetate ozonide is likewise, it would seem, inconsistent with enolisation 
at the carbethoxy-group. 

Equally equivocal are the published spectrographic data upon benzoylacetone. Early 
workers up to Shibata (Acta Phytochim., 1927, 3, 296) recorded one maximum near 310 my for 
M/10,000-solutions. Lowry, Moureu, and McConkey (J., 1928, 3167) observed two maxima: 

Solvent. Amax.» Mp. Sons Solvent. Amax., My. —P 


Ethy!] alcohol 310 14,100 cvcloHexane 305 18,200 
250 . . 4,600 245 6,300 
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and on the basis of earlier work on benzoylcamphor isomerides (prototropic forms) it was 
stated “‘ that in this case also the bands are due to isomeric forms of the diketone.”” Now, 
from the work of Meyer, the amount of diketone in alcoholic solutions is about 5% and in 
hydrocarbon solvents about 1%. It is easy to see that if the 245 my maximum, by 
analogy with benzoylcamphor, is due to the ketonic form, the molecular extinction coefficient 
of pure (I) must reach the impossibly high value of about 600,000. 

The plan of the present work may now be outlined. The percentage of enolic benzoyl- 
acetone at equilibrium in various solvents is known from the work of Meyer; the relative 
intensities of the absorption bands in different solvents can be ascertained, and it should 
be possible to correlate extinction coefficients with data based on bromine absorption. 
This will not necessarily throw any light on the constitution of the enolic material: it 
will only fix its selective absorption. The constitutional aspect of the problem may be 
attacked by determining the relation between structure and spectral absorption for related 
compounds of fixed constitution, prepared as far as possible by unequivocal methods. 

The two types of O-ether CPh(OR):CH-COMe (B-ether) and COPh:CH:C(OR)Me 
(A-ether) may help to differentiate between the enols (II) and (III), whilst methylbenzoyl- 
acetone, which exists in distinct and fairly stable ketonic and enolic forms, may throw 
light on the absorption spectra of both these forms of the parent substance. C-Dimethyl- 
benzoylacetone cannot enolise, and its spectral absorption should settle the general 
characteristics of the absorption of the diketone (I). Styryl methyl ketone, phenyl styryl 
ketone, and phenyl §$-hydroxystyryl ketone should also offer relevant evidence. The 
absorption spectra of chelated metallic derivatives were also determined so that comparison 
could be made with the enolic forms. 

Weygand (Ber., 1925, 58, 1473) obtained the methyl B-ether by the action of sodium 
methoxide on styryl methyl ketone dibromide and also by the steps 


AcCl MeOH 
CPh:CH —» CPhiCNa ——> CPhiC-COMe —-> CPh(OMe):CH-COMe. 


The same ether can be isolated from the products of interaction of diazomethane and 


benzoylacetone, but a mixture of the A- and the B-ether is obtained by the action of methyl 
sulphate on sodium benzoylacetone (Claisen). The ethers obtained by the action of ortho- 
formic esters on benzoylacetone in the presence of ferric chloride as catalyst appear to be 


derived as follows : 
CPh(OH):CH-COMe + HC(OR); —> CPh(OH):CH-CMe(OR), + H-CO,R. 


COPh-CH:CMe-OR + ROH 


Indeed, Claisen (Ber., 1907, 40, 3909) obtained such an ether and thence an isooxazole of 
m. p. 42°, whilst the isomeric ether gave an isooxazole of m. p. 68°. 

C-Methylbenzoylacetone, COPh-CHMe’COMe, may be prepared by the action of methyl 
iodide on sodium benzoylacetone, and the pure mono-enol is obtained by pouring a cooled 
solution of the diketone in excess of sodium ethoxide into dilute sulphuric acid (Dieckmann, 
Ber., 1912, 45, 2686; 1922, 55, 2479). 

Absorption-spectra Data.—Very similar absorption curves are shown by acetophenone 
and benzaldehyde in alcohol : 

Benzaldehyde. Acetophenone. 


244 280°5 328 a 241-5 = 2785 320 
1,640 20 ' 1 1,150 54 


The curves are so different from those of aliphatic aldehydes and ketones and also from 
that of benzene that it is not unreasonable to ascribe the entire curve with its three distinct 
regions of absorption to the benzoyl group. This assumption will be justified later in this 
paper. Absorption-spectra determinations upon benzoylacetone dissolved in a variety 
of solvents (Figs. 1, 2, 3) show that two absorption bands occur, the maxima being near 
247 and 310 my, and the respective intensities differing from solvent to solvent. As is 
usual for keto-enol equilibria, the percentage of diketone is much higher in water than 
in other solvents, and this is reflected in an abnormally low extinction coefficient at 310 mu 
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and a correspondingly high extinction coefficient at 247 my. The two maxima may thus 
be associated provisionally with enolic and ketonic forms respectively. The intensity of the 
310 my maximum in the different solvents varies linearly with the total enol content, but 
although the percentage of ketonic form exceeds 60 in water and is less than 1 in pentane, 
yet the 246 my maximum is only about twice as intense in water as in pentane. Enolic 
material must therefore contribute substantially to the absorption at that point. In 
C-methylbenzoylacetone, the ketonic form is very stable, and in the dimethylbenzoylacetone 


Fie. 1. Fic. 2. Fic. 3. 





15,000 


4 ‘ 















































250 300 

Wave-/ength, mu. 
in chloroform. in hexane. 

—————. in ethyl alcohol. ——————- in methyl alcohol. 


there is naturally no enolisation. The absorption spectra for these two substances are shown 
in Figs. 4 and 7 and the maxima are given in Table I. The curves for the unenolised dike- 


Fic. 4. 
Methylbenzoylacetone. 


TABLE I. 





S 1 A ax.? ° max. ax. » max.* 
olven dee, OK 4 Amax., Mp. € 12.000 


Benzoylacetone. 

EtOH 245°5 6,000 310°5 13,800 

MeOH 244°5 6,400 310°5 13,450 

Et,0 245 6,000 309 14,700 

Coles 245 5,800 306 14,600 10,000 
Colles 246 5,700 306 14,800 
CHCl, 249 5,750 311 14,650 
CCl, (Solvent interferes) 311 14,200 
H,O 249°5 10,300 310 5,500 


: 8, 
C-Methylbenzoylacetone (ketonic form). aoe 


EtOH 247 11,600 310 200 ws 
284 1,500 


C-Methylbenzoylacetone (enolic form). 
EtOH 228 4,500 309 12,200 
(inflexion) 











C-Dimethylbenzoylacetone. 
EtOH * 236°5 14,500 310 ca. 100 
280°5 1,050 
274 1,050 


* MeOH and. C,H,, give similar curves. 











Ethyl benzoylacetate. 
EtOH 242°5 9,600 285 4,700 
MeOH 244°5 9,800 284 2,900 
Et,O 242 7,100 286 8,200 
H,O 249 10,500 285 1,275 240 
NaOH (in (No definite 301 11,600 
excess) band) 























280 b 
Wave -/ength, mu. 
Alc. NaOEt 230 10,300 306 _—12,000 Metanie Annis tinehed, 


(in consider- Enolic form in hexane. 
able excess) »  » ind equivs. of NaQEt. 
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tones are very similar to those of acetophenone and benzaldehyde, and the « values for 
the three bands, proceeding from longer to shorter wave-lengths, are of the order 50, 1,000, 
and 12,000 respectively. From this it must be concluded that all three bands belong to the 
benzoyl group, and that the ketonic form of benzoylacetone (I) must have a closely similar 
absorption curve. A serious difficulty at once arises over the absorption spectra of benzoyl- 
acetone in hydrocarbon solvents. As will be seen from Table II and Figs. 2 and 3, the 
enol content exceeds 99% and yet the 247 my band occurs at about half the intensity 
characteristic of the diketones in the pure state. In pentane and hexane, this band must 
therefore be due to an enolic form. The 310 my maximum is also definitely due to an 
enolic modification since its intensity provides a trustworthy measure of the total enol 
content in different solvents. There are three possible explanations: (i) The equilibria 


Fic. 5. Fic. 6. 


Benzoylacetone methyl ether, Benzoylacetone ethyl ether, 
C,H,*C(OMe):CH-CO-CH, (in hexane). C,H,*CO*CH:C(OEt)-CH, (in hexane). 








10,000+- 
8,000 7 
6,000- 20,000+ 
cA) VA ® / 
4.000 
10,000 
/ N\ 


















































0 
280 200 240 280 


320 
Wave-length, mu 


Fic. 7. 
Dimethylbenzoylacetone. 









































60 285 310 335 
Wave-length, mu. 


— in alcohol. with 10 equivs. NaOEt. 


] . 
210 235 


occurring at the somewhat high dilutions necessary for spectrographic studies are very 
different from those obtaining at the dilutions needed for the bromine-absorption titrations 
of Meyer. (ii) A single enolic form may occur and possess two clear maxima, the intensities 
of which would be given very nearly correctly in the pentane and hexane solutions which 
contain over 99% of enol. (iii) Two enolic forms may occur, and on this basis the 310 mu 
maximum would have to be a property of both, whilst the 247 my band would only be 
shown by one enol [e.g., (III) in which the benzoyl group is intact]. 

Against (i) is the fact that over a range of concentrations of about 20: 1 Beer’s law is 
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valid for all the solvents for which detailed observations were possible ; this is not consistent 
with a radical change in the nature of the equilibrium. Further, the agreement between 
the percentages of enol in different solvents as determined by Meyer and those based on 
the intensity of absorption at 310 my provides good evidence that objections resting on 
(i) cannot be sustained. 

The assumption that a single enolic form gives rise to both the 247 my and the 310 mz 
maximum can be tested by accepting the extinction coefficients in hydrocarbons as represent- 
ing the enol, and comparing the calculated ¢ values in different solvents with those observed 
by Meyer. Before applying this test as in Table II, it is necessary to justify the underlying 
principle. The main assumption in the table is that the absorption spectrum of a given 
isomeride is substantially independent of the solvent as regards both the spectral location 
and the extinction coefficients of the maxima. Perhaps the best evidence is that afforded 
by Scheibe’s measurements (Ber., 1926, 59, 2620) on acetophenone, the nearest related 
product of fixed constitution : 


Solvent. Amax.» Mp. €max.: Amax., Mp. €max.: Amax.» my. €max.: 
235 12,590 277 708 320 
Ethyl alcohol 241 12,590 277 1,000 inflex. 
245 12,590 inflex. 1,400 inflex. 


The above data, together with those on mesityl oxide and phorone, show no serious solvent 
effects on the well-defined 240 mu band, although some of the « values are a little lower 
than those observed by other workers. This comparative independence of the absorption 
on the solvent has, of course, many exceptions (cf. benzophenone and phorone in sulphuric 
acid; Scheibe, Joc. cit.), but the evidence justifies the extension of the same principle to 
the ketonic form of benzoylacetone. As far as the enolic form is concerned, perhaps the 
strongest evidence is the extremely good agreement between Meyer’s values and those 
based on absorption spectra for ethyl acetoacetate, acetylacetone, and benzoylacetone 
itself. Hence it is reasonable to make the above assumption. 


TABLE II. 


Benzoylacetone. 

Absorption at 247 muy. 

Enol, %, calc. Calculated. 
from ¢ values 
at 310 mz. Enol. Keto. Total. 
92 5150 780 5,930 
89°7 5040 1300 6,340 
98 5490 260 5,750 
98 5540 130 5,670 
97°5 5220 650 5,870 
36°7 2055 8230 10,285 


100% Keto, emax, at 247 mp = 13,000. 
100% Enol, emax, at 247 mp = 5,600; at 310 mp = 15,000. 


Ethyl benzoylacetate. 


Absorption at 242 mu. Absorption at 285 mu. 


Calculated. Calculated. 

Enol, % _ = . r- 

Solvent. (Meyer). Enol. Keto. Total. Obs. Keto. Enol. Total. Obs. 
29°2 1752 7,505 9,257 9,600 850 3796 4646 
|, ar . 161 966 8,894 9,860 9,800 1007 2093 3100 
§2°5 3150 5,035 8,185 7,100 570 6825 7395 
1-0 60 10,494 10,554 10,500 1188 130 1318 


100% Keto, emax, at 242 mu = 10,600; at 285 mp = 1,200. 
100°% Enol, €max, at 242 mp = 6,000; emax. at 285 mp = 13,000. 














As will be seen from the calculations in Table II, the assumption that the diketone (I) 
has a maximum at 247 my of approximately the same intensity as the corresponding band 
of acetophenone, benzaldehyde, and dimethylbenzoylacetone accounts for the whole of 
the extinction-coefficient data if, in addition, a single enolic isomeride with two bands is 
postulated. These bands must occur at 246 my and 310 my with intensities « 5,600 and 
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15,000 respectively. It is significant that the 247 my band which has already been associated 
with the intact benzoyl group appears in the absorption of the enol, but the fall in extinction 
coefficient from over 10,000 in acetophenone to about half precludes a facile conclusion 
that the enol has the constitution (III). This raises the possibility mentioned earlier 
under (iii). In order to secure formal agreement between Meyer’s titrations and the 
extinction coefficients in various solvents, we may make the alternative set of assumptions : 
(a) enol (II) has negligible absorption at 247 my, whilst (III) has a maximum at « = 11,000; 
(b) both enols have a maximum at 310 muy, ¢,,,, = 15,000; (c) enols (II) and (III) 
occur in equal proportion. 

There is nothing intrinsically improbable in (a) and (6); (c) is far more difficult to 
entertain, but merits careful investigation. If it be supposed that the solid benzoylacetone 
is homogeneous and that the hexane solution contains equal parts of (II) and (III), the 
absorption spectra of absolutely fresh solutions might be expected to differ from those of 
solutions which had been allowed to reach equilibrium. A very careful series of tests 
showed, however, that the 246 my maximum was well defined for solutions in hexane 
photographed within 10 minutes of dissolution, and that the «,,,, values were independent 
of time and concentration, M/600—M /24,000, at 5,700 = 300. The minimum at 260 my, 
Emin, 9,000, and the maximum at 306 my were likewise constant within experimental error. 
Equilibrium must therefore be reached very rapidly. So far, therefore, it has not been 
possible to find any decisive evidence in favour of heterogeneity in the enolic material 
occurring when benzoylacetone is dissolved in hydrocarbon solvents. Now, the enolic 
form of benzoylcamphor shows a maximum near 312 my, which clearly corresponds with 
the 310 my band of benzoylacetone, but there is no sign of a 247 mz maximum. Lowry, 
Moureu, and McConkey (loc. cit.) found that the enolic form of benzylmethylglyoxal, 
CHPh:C(OH)-COMe, exhibits one maximum at 310 my, ¢,,,,. 20,000, but instead of a 
maximum at 247 my a very deep minimum is shown. This compound is chromophorically 
so closely akin to CPh(OH):CH-COMe that the two might be expected to have the same 
absorption spectrum. It seems impossible to avoid one or other of the following conclusions : 
either the enolic form of benzoylacetone is homogeneous and is not (II) but (III), or 
benzoylacetone enolises in solution in hydrocarbon solvents to give equal parts of (II) 
and (III). A decision between these two alternatives must be deferred until the discussion 
has been carried further. 

Benzoylacetone O-Methyl Ether (B-ether), CPh(OQMe):;CH-COMe.—Weygand’s methods 
of preparation (Ber., 1925, 58, 1478) were followed with some modifications. The dibromide, 
m. p. 125—126°, from styryl methyl ketone was treated in boiling methyl alcohol with 
potash, and potassium bromide was deposited in quantity. Carbon dioxide was passed 
into the cooled solution for 12 hours to neutralise the excess alkali; the solution was 
then filtered, the alcohol distilled off, and the residue fractionated under reduced pressure. 
The main fraction, b. p. 150°/17 mm., agreed with Weygand’s yellow oil in properties. 
Retreatment with methyl-alcoholic potash resulted in a product (A) which after fractionation 
still contained bromine. Accordingly, a larger quantity of crude oil was refluxed with 
methyl-alcoholic potash for 4 hours, and a smell resembling that of acetylphenylacetylene 
then became noticeable. This material was worked up as before, and after being shaken 
many times with sodium hydroxide to remove benzoylacetone, yielded three fractions, 
the main one, b. p. 135°/3 mm., being a pale yellow oil (B). Retreatment with potash gave 
a similar product (C) which appeared from the spectrographic examination to be somewhat 
richer in the B-ether than (B). The lower-boiling fraction was much more transparent 
and appeared to be CPhH(OMe)-CHBrAc, since it yielded the ether on distillation after 
standing over solid potash for 24 hours. Spectrographic examination of the various 
fractions in alcohol disclosed in all cases a single broad unresolved absorption band 
extending from 230 to 315 my with a maximum at 274-7 my. The maximum molecular 
extinction coefficient was, however, variable: preparation (A) 3,600; (B) 4,300 and 4,200 ; 
(C) 5,800; (D), a very dilute solution of (B) warmed with a‘little potassium hydroxide, 
5,700. It is concluded that the product consists very largely of the O-methyl ether, but 
that a small quantity of more diactinic material may have been present even in (C). 

Another method used by Weygand was studied. Acetylphenylacetylene unites with 
methyl alcohol to give the ether, but this reaction proceeded much more slowly than would 
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be inferred from his work. Careful repetition of the preparation according to his details 
gave a product which was found spectrographically to contain much unchanged acetyl- 
phenylacetylene. The best results were obtained by refluxing a methyl-alcoholic solution 
containing 3 times as much sodium as recommended by Weygand for one hour. . After 
fractionation under reduced pressure a product, b. p. 148—153°/15 mm., 120°/2 mm., was 
obtained which no longer showed the absorption bands of acetylphenylacetylene. This 
material gave a single broad unresolved absorption band extending from 230 to 315 my 
with a maximum at 274-5 my in ethyl alcohol, and at 268 my in hexane, the extinction 
coefficient at the maximum being 10,000—10,300 in each case (see Fig. 5). 

Hence, as regards spectral absorption, the two preparations of the B-ether are qualita- 
tively identical, the location of absorption being very nearly independent of the solvent. 
Both methods of synthesis are unequivocal in the sense that the acetyl group must be 
intact. There is no evidence of enolisation in the presence of excess alkali since the absorption 
remains unchanged. Stereoisomerism about the double bond is, however, a possibility 
which may account for the difference in ¢,,,, for the two preparations, since it is well 
known that cis-ivans-isomerides exhibit qualitatively similar absorption differing in 
intensity over a range of about 2: 1. 

No absorption band in the region 268—275 my is shown by benzoylacetone itself, 
and it would seem that the fixed B-ether does not immediately throw any light on the 
problem of the constitution of the enolic form of the parent substance. It is, however, 
curious that the 274-5 mu maximum corresponds almost exactly with the enolic band of 
acetylacetone. 

Benzoylacetone O-Ethyl Ether (A-ether), COPh*CH:C(OEt)-CH;.—This was prepared 
according to Weygand’s directions (loc. cit.), following Claisen, from benzoylacetone by the 
action of ethyl orthoformate, as a colourless oil, b. p. 147—148°/13 mm. The absorption 
spectrum in ethyl alcohol showed a maximum at 284 muy, ¢,,,, 33,000 (275 mu in hexane), 
and a pronounced inflexion near 250 mu (see Fig. 6). There can be no doubt that the two 
O-ethers are sharply differentiated by their absorption spectra. The inflexion at 250 my 
recalls the 247 my band present in benzoylacetone, but there is no band at 284 mu in the 
parent substance. The intensity of absorption is rather more than twice that shown by 
benzoylacetone. The 284 my maximum appears to be the 280 my band of acetophenone 
vastly enhanced in intensity. 

Neither the A-ether nor the B-ether resembles benzoylacetone in its absorption spectrum 
sufficiently closely to make a ready choice justifiable, but the implications of the two 
alternatives may be considered. Obviously, chelation of the enols may result in a difference 
in absorption, but as this question itself is still sub judice, the argument cannot be used 
at this stage. In the B-ether there is only one band, and that occurs at a position inter- 
mediate between the two bands for benzoylacetone. On the other hand, the A-ether has 
two bands, the longer-wave band being about twice as intense as the shorter-wave band, 
as in the parent substance. The band near 250 mu appears to be due to the intact benzoyl 
group in both cases. If it be accepted that the A-ether shows a closer similarity to benzoyl- 
acetone than does the B-ether, it must be concluded that if the enol has the structure (III), 
replacement of H by CH, results in an appreciable shift of one band from 284 to 310 mu, 
accompanied by a 50% decrease in intensity of absorption. The study of the O-ethers 
therefore supports the presence of (III) but does not finally exclude that of the enol (II). 

C-Methylbenzoylacetone, COPh*CHMe-COMe and CPh(OH):CMe-COMe (?).—This was 
studied as diketone, b. p. 126—128°/3 mm., and as pure enol, m. p. 50° after recrystallisation 
from hexane. The equilibrium mixture is very rich in diketone, and the solid enol, although 
stable for several weeks, finally became liquid at room temperature. The diketone showed 
absorption similar to that of acetophenone, whilst the enol, which was examined in hexane 
(because of the high enolising tendency of the solvent), exhibited a single broad absorption 
band with a maximum at 309 my, ¢,,4, 12,100 (see Fig. 4). The curve showed a minimum 
at 257 mu, ¢,in, 2,000, and an inflexion from 220 to 230 my, ¢« ca. 4,500. The 247 mu 
band of benzoylacetone was indubitably absent. Here, again, we have definite evidence 
that either the enolic material in benzoylacetone is not homogeneous or the enol in the 
methyl derivative and that in the parent substance are structurally different. 
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C-Dimethylbenzoylacetone, COPh*CMe,°COMe.—Crystalline enolic methylbenzoylacetone 
(5-03 g.) was dissolved in absolute methyl alcohol in which sodium (0-375 g.) had previously 
been dissolved. Methyl iodide (12-87 g.) was then added and the mixture refluxed for 
4 hours until the alkaline reaction had disappeared. The alcohol was distilled off, and the 
residue extracted with ether and washed several times with water. The dried ethereal 
extract on fractional distillation yielded a main fraction, b. p. 84°/2 mm., in good yield 
as a colourless oil (Found: C, 75-6; H, 7-3, Calc.: C, 75-8; H, 7-4%). 

The data on this substance show three maxima, one of the bands being resolved into 
two subsidiary bands (see Table I and Fig. 7). The absorption of the benzoyl group is 
vastly stronger than that of the acetyl group, and it is interesting that the three bands occur 
at wave-lengths, ca. 235, 280, and 310 my, which also appear in the maxima due to enols. 
The intensities are, however, much greater for the two longer-wave bands in the enols. 
The comparison with benzoin (see Table IV) and the complete absence of any change in the 
presence of alkali are interesting, but not unexpected. 

Phenyl 8-Hydroxystyryl Ketone (Dibenzoylmethane), CPh(OH):CH-COPh.—In order 
to simplify the discussion, the experiments have been extended to include this compound, 
where the possibilities of enolisation are less numerous than in benzoylacetone. The 
substance was prepared from dibromobenzylideneacetophenone by the method of Allen 
(“‘ Organic Syntheses,” 8, 60). Slow recrystallisation from ethyl alcohol gave large prisms, 
m. p. 78°, whilst rapid recrystallisation from more concentrated solutions gave needles, 
m. p. 71° (Dufraisse and Gillet, Ann. Chim., 1926, 6, 295, describe an «-form, m. p. 70—71°, 
and a $-form, m. p. 77—78°). Hartley and Dobbie (Brit. Assoc. Rep., 1901; 201) studied 
the absorption spectra of ‘‘ 8-hydroxybenzalacetophenone’”’ and “ dibenzoylmethane,” 
the latter, from its method of preparation, being probably phenyl B-ethoxystyryl ketone. 
The hydroxy-compound showed two maxima at 337 and 248 my approx., both bands being 
of considerable intensity. The ethoxy-compound (m. p. 77—78°) showed two maxima, 
at 304 and 248 mu. Shibata (Acta Phytochim., 1927, 3, 303) records a maximum at 345 mu 
in ‘‘ dibenzoylmethane’”’ with an inflexion near 250 my, the intensities appearing to 
correspond with « values of about 25,000 and 15,000 respectively. Our own data are shown 


in Table III and Fig. 8. 
TABLE III. 


Solvent. Amax.» My. Guat. Amin.» My. 
Phenyl Styryl Ketone. 
EtOH 310 26,100 246 


Phenyl B-Hydroxystyryl Ketone (‘‘ Dibenzoylmethane ’’). 


{ 344°3 23,000 276 


Needles in EtOH 251°5 8,330 234 


345 22,500 278 
251 8,600 233 
339 24,300 274 


{ 
| 250 9,500 233 
{ 


Prisms in EtOH 
» inC,H,, 


in EtOH with 10 equivs. NaOEt 351 23,000 
238°5 13,700 
357°5 11,750 


254 12,500 
Phenyl B-Methoxystyryl Ketone. 
EtOH 298 10,750 
inflexion 250 10,500 
Phenyl B-Ethoxystyryl Ketone (m. p. 62°). 


EtOH 297 11,150 
inflexion 250 10,600 


» in H,O (containing 2% EtOH) 


Phenyl 8-Methoxy- and 8-Ethoxy-styryl Ketones, CPh(OR):CH-COPh.—Unequivocal 
syntheses have been effected by Dufraisse and Gillet (/oc. cit.) from benzoylphenylacetylene. 
The same products are obtained from phenyl «$-dibromo-f-phenylethyl ketone by the 
methods of Ruhemann and Watson (J., 1904, 85, 546) but better yields are obtained by 
the action of sodium alkoxide (Reynolds, Amer. Chem. J., 1910, 44, 305); the alkoxide (2 
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mols.) in alcohol is kept vigorously boiling under reflux while the dibromide (1 mol.) is 
added in small amounts ; refluxing is continued for $ hour, and the cooled solution is filtered, 
the sodium bromide washed with a little alcohol, and the liquid, after being freed from solvent, 
is distilled under reduced pressure (b. p.’s : methyl ether, 195°/3 mm.; ethyl ether, 208°/3 
mm.). The methyl ether could not be induced to crystallise in spite of repeated fractional 
distillation, but the ethyl ether crystallised in prisms, m. p. 62°. The latter exhibits 
polymorphism; Weygand and Hennig (Ber., 1926, 59, B, 2249) describe three forms, 
y, m. p. 63°; 6, m. p. 78°, and «, m. p. 81°. Dufraisse and Gérald (Compt. rend., 1921, 
173, 985) record m. p. 60—61° and Sluiter (Rec. trav. chim., 1905, 24, 368) m. p. 61°. Wey- 
gand and Hennig also state that the lower-melting is spontaneously transformed into the 
higher-melting form, but we have not observed this effect. Dufraisse and Gillet (loc. cit.) 
obtained needles, m. p. 77—78°, and massive plates, m. p. 74—75°, but not the lower- 
melting form. 
Fic. 8. 
Dibenzoylmethane. Fic. 9. 
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-0-0-0- in ethyl alcohol. in hexane. ————— Phenyl B-ethoxystyryl ketone. 
——— in alcoholic NaOEt. Phenyl B-methoxystyryl ketone, 


It is curious that phenyl styryl ketone shows only one absorption band, maximum at 
310 my, with the very high ¢,,,, of 26,100, and that a well-defined minimum occurs at 
246 muy, ¢,,in, 6,000, in spite of the fact that the compound contains a benzoyl group. This 
introduces a new and important complication into the interpretation of the absorption 
spectra, viz., that although a given maximum may be fairly consistently associated with a 
given chromophoric group, e¢.g., the 247 my band with the benzoyl group, yet it is not 
possible to predict the occurrence of the band because the group is present in the absorbing 
molecule. The chromophoric entity may have been fused in a new chromophore of greater 
complexity or intensity. 

The needle crystals and the prismatic crystals of “‘ dibenzoylmethane ”’ yield solutions 
which are spectrographically indistinguishable, whence the difference in crystalline form 
is probably merely a case of polymorphism. Although the band in the region of 250 mu, 
which is usually associated with the benzoyl group, is absent in phenyl styryl ketone, it 
reappears in the 6-hydroxy-ketone, and the 310. my maximum is displaced to 345 my 
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with but little change in intensity (Fig. 8). Again, in the two ethers (Fig. 9) the 250 mu 
band persists as a well-marked inflexion, but the remaining band occurs at a wave-length 
just short of 300 my, and the intensity has suffered a notable diminution. This is the more 
remarkable since the ¢ values for the A-ether of benzoylacetone are very high, whilst that 
of the B-ether at its maximum is only about 10,000. The ether of dibenzoylmethane, there- 
fore, resembles that ether of benzoylacetone in which the benzoyl group is no longer intact. 
This is a good example of the highly constitutive nature of absorption spectra, and of the 
way in which some chromophoric arrangements take priority over others. These data, 
however, do not provide the information needed for a clear-cut decision as to the structure 
of benzoylacetone ; if the weight of evidence favours any one form, it would seem that the 
occurrence of the 247 mu maximum indicates the persistence of the intact benzoyl group 
in the enol. 

Ethyl Benzoylacetate—The case of this compound is simpler in the sense that enolisation 
-CO,Et —> !C(OH)(OEt) is somewhat improbable. From the comparison of absorption 
intensities in various solvents (Fig. 10) with Meyer’s bromine-absorption titrations it 


Fic. 10. 
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becomes clear (cf. Tables I and II) that the keto-ester shows a normal 242 my maximum, 
Emax. 10,600, and its close resemblance to acetophenone is indicated by the necessity for 
postulating a second band at 285 my, ¢,,,, 1,200. The strong band at 285 my 
is due to CPh(OH):CH-CO,Et (or possibly its chelated analogue) and the absorption of the 
enol at 242 my, although non-selective, is considerable (e, 6,000). In aqueous alkali a new 
band at 301 my appears, ¢,,,,, 12,950, but there is no maximum near 240 my, general 
absorption only being shown. In excess of sodium ethoxide the main maximum is at 
306 my, €,,4x, 13,300, whilst an ill-defined band occurs near 230 my, «,,,, 11,450. 

In the enolic form of ethyl benzoylacetate, the carbethoxy-group appears to be chromo- 
phorically unimportant, since styrene and cinnamic acid both exhibit intense selective 
absorption near 280 my. The sodium salt may well be chelated as in (VII). From the 


ro N JH 
Phe? \C-OEt Pho? CMe 
O\naX%O O\Na yO (VIITI.) 
H,0O7” ‘H,O 
point of view of absorption spectra, a displacement in the direction of longer wave-lengths, 


e.g., 285—306 mu, usually accompanies an increase in the effective conjugated unsaturation. 
Such a displacement occurs when the hydrogen of an enol is replaced by sodium, so that 


(VII.) 
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chelation may perhaps be regarded as an increase in the effective unsaturation. This 
conception will be amplified later when simple and complex chromophores are discussed. 
Metallic Derivatives of Benzoylacetone—Anhydrous sodium benzoylacetone is prepared 
by the action of dry sodium ethoxide on benzoylacetone dissolved in absolute ether and 
hexane. According to Sidgwick and Brewer (J., 1925, 127, 2379), no sharp m. p. is shown, 
but Weygand (/. pr. Chem., 1927, 116, 293) records m. p. 225—228° in a cathode-ray 
vacuum. The material used in this work decomposed at 225°. Weygand also noticed a 
yellow form in addition to the ordinary white form. Sidgwick and Brewer recrystallised 
the compound from 96% alcohol and obtained a dihydrate, m. p. 110°. This material 
was formulated as (VIII) rather than as a simple dihydrate yielding (Na,2H,O)°. Weygand 
also obtained a trihydrate, m. p. 100°, and a tetrahydrate, m. p. 85°, and showed that 
solvation is fairly general in the metallic derivatives of benzoylacetone. No difficulty 


Fic. 11. 
Benzoylacetone in alcoholic sodium ethoxide. 
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was experienced in preparing the dihydrate, m. p. 112°, but, like the anhydrous compound, 
it proved to be absolutely insoluble in hexane, the most suitable hydrocarbon solvent 
for spectrographic work. It was dissolved in absolute alcohol, but the absorption spectrum 
was indistinguishable from that of benzoylacetone itself, so that, at the high dilution 
needed, it was impossible to be sure that hydrolysis had not occurred. The dihydrate 
was soluble in chloroform (alcohol-free), and the absorption spectrum showed that the 
247 mu band was entirely absent, and that the 309 mz maximum was displaced to 314 mu 
(Suan. 14,000) ; Anin,» 266-5 my (Emin. 2,600). 

Experiments were also carried out upon solutions of benzoylacetone in absolute alcohol 
with 1 equiv. of sodium ethoxide. Either the normal benzoylacetone absorption spectrum 
was obtained (in which case the absence of moisture could not be guaranteed) or a single 
band at 320 muy, ¢,,,, 14,5C0, with no band in the region 230—250 mu (see Fig. 11). 
In the presence of excess of alkali, the 309 my maximum is appreciably displaced in the 
direction of longer wave-lengths, and a new, very persistent band appears with a maximum 
near 238 mu. It is noteworthy that with 1 equiv. of sodium ethoxide the minimum occurred 
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Concentrations. 

Benzoylacetone. Alkali. Anan.» Wig €men,: Amax.» My. 
M /10,000 M /2,000 NaOH 325 17,000 239 
M/10,000 M /2,000 NaOEt 325°5 17,500 236 
M /10,000 M/100 NaOEt 326°5 18,250 241 
M /2,000 M/20 KOH 323 20,000 236 
M /10,000 M/100 NH,OH 320°5 21,000 237 
M /10,000 M/100 Na,CO, 321 17,000 240 


at 266 mu, ¢,,;,, 2,280; with 5 or more equivs. the minimum at 268 my fell to the low value 
of Emin. 790. 

Various other metallic derivatives have been prepared by published methods. The 
potassium derivative is sufficiently soluble in ethyl alcohol for examination, although it 
is scarcely possible to be sure of the complete absence of water from the solvent used. (The 
alcohol had been refluxed for several hours after treatment with sodium, but with solutions 
at a dilution of M/10,000 a very small amount of water may be sufficient to alter the nature 
of the solute.) The near ultra-violet band occurred at 320 my, ¢,,,,, 14,450, and no clear 
band was seen at 240 mz. In all the other metallic derivatives listed below, two perfectly 
clear bands were seen in the absorption spectra of the solutions obtained by using crystalline 
metallic derivatives. 


Metallic derivative of benzoylacetone. Amax., My. Cw Amax., My. urate; 
RE GE GEE: dsicXesncsecosvccassoasisce 320 18,000 240 10,400 


Strontium, dihydrate, in EtOH 322 15,000 235 9,750 
in m in H,O 320 12,000 243 9,500 
Aluminium and cerium 322 18,000 248 8,000 


Benzoylacetone in Piperidine-—An M/1,000 solution (1 mm. layer) exhibits a well- 
defined absorption band at 333-5 my, «,,,,. 14,000. The compensating cell of the solvent 
ceased to transmit at 275 my, so it was impossible to ascertain the presence or absence of 
the 247 mu maximum. (Pure piperidine is transparent down to 220 my, but this is seldom 
attainable with the purchased liquid.) It is clear, however, that benzoylacetone is enolised 
in piperidine to the extent of at least 92%. The displacement from 310 to 333-5 my is 
the largest recorded with any derivative. In the somewhat analogous case of acetylacetone 
dissolved in pyridine, Meyer found evidence of some dienolisation. Dienolisation in acetyl- 
acetone is accompanied by an increase in ¢,,,,, but no such increase is observed with 
benzoylacetone in piperidine, so little or no dienolisation can have occurred. This is 
supported by the fact that enolic benzoylcamphor in piperidine shows a displacement 
of the maximum from 315 to 328 my, with no appreciable change in ¢,,,. As this substance 
cannot dienolise, the close similarity with the data on benzoylacetone is in accordance with 
expectation. 

Benzoylacetone in Sulphuric Acid.—Nef (Annalen, 1899, 308, 279) has shown that when 
acetylphenylacetylene dissolves in concentrated sulphuric acid, benzoylacetone is formed, 
since it is precipitated on dilution. We found some decomposition, but benzoylacetone 
could easily be isolated. The mechanism of the reaction is not clear, but the scheme 
CPhiC-COMe + H,O —> CPh(OH):CH-COMe appears to be unduly simple. 

The absorption spectrum of benzoylacetone in concentrated sulphuric acid is markedly 
different from its spectrum in other solvents and from that of acetylphenylacetylene in 
neutral solvents (see Fig. 13). For instance, an extremely persistent band (¢ 1,000—40,000) 
extends from 285 to 380 my with a maximum at 348 muy, and two narrow bands with maxima 
appear at 269 and 277 my, with «¢,,,, 4,000 and 4,500 respectively. The complete absence 
of the acetylphenylacetylene bands indicates that an intermediate compound with the acid 
must be formed, but the very high extinction coefficient of 40,000 at 348 my shows also 
that a high degree of unsaturation must be attributed to the complex. The data of Scheibe 
(Ber., 1925, 58, 586) on the absorption spectra of benzophenone and phorone in concentrated 
sulphuric acid show displacements similar to those observed for benzoylacetone. Removal 
of the elements of water by the acid cannot account for the effects recorded, so the changes 
in absorption spectra must be ascribed to complex formation at the carbonyl group. Nef’s 
observation proves that CPh(OH):CH-COMe must at the least form a connecting link 
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between acetylphenylacetylene and benzoylacetone, although it cannot be regarded as 
finally deciding the constitution of the solid. 

The Possibility of Dienolisation in Benzoylacetone-—When the enolic form of methyl- 
benzoylacetone is studied in the presence of excess of sodium ethoxide, two maxima are 
seen, 319 and 239 my, ¢,,,,. 10,500 and 7,400 respectively. When these results are compared 
with the corresponding data on benzoylacetone, several points at once emerge: (a) Since 
dienolisation is impossible for the methyl derivative, the 239 mu maximum cannot be 
ascribed to a dienol. (b) Since displacement of the band from 309 to 319 my accompanies 
the formation of a sodium derivative, and is associated with a decrease in ¢,,,, for the methyl 
derivative and an increase in ¢,,,, for the parent substance, such an increase may be 
associated with dienolisation. It is not necessarily so, since a similar increase occurs in the 
aluminium derivative of benzoylacetone. With considerable excess of alkali, the increase 
is, however, very definite, and is, moreover, accompanied by a larger displacement, v7z., 
from 310 to 326 mu. These results may be compared with those of Grossmann on acetyl- 
acetone. The bromine-absorption method discloses as much as 130% enolisation, and 
the displacement from 270 to 292 my is reasonably large. It can easily be calculated that 

Fic. 12. the extinction coefficient of the dienol must 
Phenyl styryl ketone (Benzylideneacetophonene) be of the order 50,000, several times larger 
‘than that of the mono-enol. On this basis, 
30,000 dienolisation of benzoylacetone appears to 
occur only in the presence of a considerable 
excess of alkali, and then only to the extent 

/ of a very few units % at most. 

The Evidence for and against Chelation 
of the Enolic Forms.—(i) Definitely unchelated 
compounds. Styryl methyl ketone shows a 
single maximum at 285 muy, ¢,,; 23,000, 
whilst phenyl styryl ketone (benzylidene- 
UU VA \ acetophenone) shows a similar band at 310 

MU, Emax, 26,000 (see Fig. 12). «-Hydroxy- 
styryl methyl ketone (benzylmethylglyoxal, 
enol) also shows a 310 my band at ¢,,,, 20,000. 
On the other hand, 6-methoxystyryl methyl 
Wave alia gthm 950 ketone shows a maximum at 274 my with a 

: — lower ¢,,,,,. of 10,300, and phenyl 86-ethoxy- or 
-methoxystyryl ketone shows a band at 298 my, Emax, ca. 11,000, and a band at 250 mu of 
nearly the same intensity, whilst «-benzoyl-§-ethoxy-8-methylethylene shows a maximum 
at 284 my, ¢,,,,. 33,000, with a pronounced inflexion at 250 my. In brief, the change 


CH:CH — >» C(OMe):CH 
285 —> 274 muy (¢,,4x. approximately halved) 
310 —> 298 mp 
involves Amy — 12; and the change 


CH:CH—+> CH:C(OH) 
285 — > 310 my 


























° 200 


involves Amp + 25. 
(ii) Definitely chelated compounds. It is difficult to be sure of chelation, but the following 
data for maxima (my) are striking : 
Displace- 
Derivative. Enol. ments. 


Metallic derivatives of benzoylacetone 324, 238 310, 247 +14,— 9 
Sodium dibenzoylmethane in excess NaOEt 351, 238 345, 250 + 6,—12 
Sodium methylbenzoylacetone in excess NaOEt 319, 238 310 + 9 
Sodium acetylacetone 275 +17 
Ethyl] sodioacetoacetate 243 + 29 
Ethyl sodiobenzoylacetate 285 + 21 
Sodium benzoylcamphor 312 + 16 
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It is evident that the wave-length displacements when the enolic forms are compared with 
the chelated sodium derivatives are too large to be attributed merely to the weighting 
effect of the metal. This appears to indicate that, if there is chelation through hydrogen 
in enols, it must be different in kind from that obtaining with metallic derivatives. 
(iii) Doubtful cases. The effect of replacing a hydrogen by a hydroxyl group may now 
be considered in more detail. 
CH:CH —->C(OH):CH. 


Styryl methyl ketone 285 —->310 my { Sonetytuneteae — enol 


Phenyl styryl ketone 310 —->345 mp Dibenzoylmethane enol 
Mesityl oxide 235 —->275 mp Acetylacetone enol 
Cinnamic ester 260 —->285 mp Ethyl benzoylacetate enol 
Ethyl crotonate ca. 220 —>243 mp Ethyl acetoacetate enol 
Benzylidenecamphor 288 ——->312 mz Benzoylcamphor enol 


The changes enumerated above all result in an appreciable, and roughly constant, displace- 
ment of the selective absorption. The effects are, however, not closely comparable with 
those appearing in the chelated metallic derivatives; yet the displacement is difficult 
to account for. The hydroxyl group is itself completely transparent in the region of the 
spectrum concerned. Its effect is of the same order and in the same sense as that caused 
by the introduction of an additional conjugated double bond, and this effect occurs even 
in such cases as CgH, —> C,H;-OH. 

From the fact that the 310 my maximum is shown by enolic benzylmethylglyoxal 
as well as enolic benzoylacetone, the six-membered chelate ring, which is possible for the 
latter but impossible for the former, cannot be essential to the existence of the common 
absorbing mechanism. It may therefore be said that if chelation occurs in the enolic form 
of benzoylacetone it must be of a type which does not result in the displacement of bands. 
Similarly, the 247 my band of enolic benzoylacetone appears to be an undisplaced benzoyl 
band, which does not agree with the 238 my maximum of the chelated metallic derivatives. 

There therefore seems no escape from one or other of the following conclusions : either, 
there is no co-ordination of hydrogen in benzoylacetone and related enols, or, chelation 
if it occurs in such enols must be qualitatively distinct and rest on a different electronic 
mechanism from the chelation obtaining with metallic derivatives. It is significant that 
the electronic energy level represented by the 310 my band of benzoylacetone should 
reappear exactly in phenyl styryl ketone. There is, in fact, very clear evidence of a 
discontinuous series of energy levels, as shown by the recurrence of bands at 247, 285, 
310, and 345 mu, the displacement in the direction of longer wave-lengths coinciding in 
most cases with an increase in unsaturation of the chromophore concerned. 

This leads to the question of the sites of the different acts of absorption. Similar 
absorption bands to those under discussion have already been noticed in labile systems. 
For instance, a 243 my maximum characterises the enolic form of ethyl acetoacetate, 
and a band of high intensity at 249 my has been recorded for the stereoisomeric forms 

CH.—CMe of ethyl diacetylsuccinate (Morton and Rogers, J., 1926, 717). 

Cc 2 3 The same authors, working on ethyl a-mesityloxidoxalate, 

H=- CMe,-CH-CO-CH:C(OH)-CO,Et, observed a band at 312 my, Emax. 

(Ix.) \co,Et 14,000, whilst the 8-isomeride, probably (IX), exhibits a clear 

maximum at 282 muy, ¢,,,, 12,000, with a well-defined inflexion 

indicating a band near 250 my, ¢,,,, 8,000. These bands, together with a third, are seen 

clearly when excess of sodium ethoxide is added, maxima occurring at 351, 286, and 
249 mu. 

Table IV summarises the absorption maxima seen in a number of substances relevant 
to the present discussion. It will be seen that the bands 240—250, 280—290, and 308—320 
my are observed in many compounds containing the C:C—C:O group but not the phenyl 
group. It is clear that, if a common mechanism is to be assumed, the site of the act of 
absorption must in each case be either a C:C group or a C:O group. From the above 
considerations, a simple hypothesis may be formulated. The different energy levels 
characteristic of the carbonyl group are the same, or very nearly the same, as those 
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TABLE IV. 




















Amax., My. émax,- Amax., My. émax,- Amax., Mp. émax- Amax., My. &max.+ 
CH,°CO’CH, 275 17 
Cc Me: CHOC H; 235 14,000 313-5 58 
CMe,:CH°CO-CH:CMe, 263 20,000 357 100 
CH,°CO’CH,’CO’CH, ca. 276 ca. 100 
CH,°C(OH):CH-CO-CH, ca. 275 10,000 
CH,°C:CH’C’CH, (some dienolisation) 292 20,000— 

50 





\*% 


CH, OCH, *CO,Et 
CH C(OH): CH-CO,Et 243 10,000 
CH, Cy — 






te 
~~ 
ts 


variable some 
dienolisation 





50,000 






ws 
CH,°C(OH):C-CO,Et 249 ca. 7,000 


CH,'CO-CCO,Et 
- "C-CO,Et 275 ca. 10,000 


Oo \ 







"a 
Me 










cy OC Ont 

CMe,CH-CO-CH:C(OH)-CO,Et 312 14,000 
Poy CMe, inflex 
cx >0 250 8,000 282 12,000 
CH:C-CO,Et 

ores 249-5 7,500 287 7,500 351 13,000 

“"\CH:C(ONa)-CO,Et 
C,H, <ocH 243 12,600 278 1,000 320 45 






247 13,000 [3 






_CO-CH 
tc, HLC(OH) 8CH-COCH,] 
C,H,°CO-CH:C(OH)-CH, 247 5,600 
C,H,-C:CH’C’CH, 












or 
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M 238—243 8,900— 322 18,000 
is a 
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C,H, CH: C(OH)-CO-CH, 
H-CO-C,H, ; 100 
CoH |. 16,000 
/SCOW) Cs 314 10,000— 
CHK I 20,000 
eos 328 15,000 
C,H L oO 
\ 
M 
C,H,-CO-CH =y, 242 10,600 [282 1,200 310 100] 
CyH,-C(OH): Heo. Et 285 13,000 oe oni 
, 





C\HyC: <a Et 






Nt 
C,H,"C(OH):CH’CO-C,H, 












ata sisiisell 
20,000 
Calle COCH-COAE! 
C4H,°C(OH):C-CO,Et 355 high 
C,H,-C(OH):C-CO,Et ea 
299 
C,H,’CH(OH)-CO-C,H, 243-5 13,500 286 | ) 1,083 316 406 
282- 
C,H,-CO-CO-C,H, 254 18,000 pnd 
C,H, (CHa COCHs 260 <500 280 50 
CH:CH 243 - ca. 20,000 280 300 resolved bands reaching to visible ca. 20 













0=CK__ >C=0 
NCH:CH 









C,H,CH!CHMe 246 ca. 10,000 = } ca. 500 
C.HeCH:CH-CH:CH, 282 ~ >10,000 
CoH C,H 245 16,000 
C\H,-CH:CH-C,H, 299 13,000 288 ca. 20,000 322 ca. 20,000 


(The table is presented in the above form in order to provide justification for thestatement 
that bands near 246, 280, 312, 350 my recur both for enols and ketones and for compounds 
containing no oxygen, in which the levels are clearly due to activation of electrons in 
C=C linkages.) 
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characterising the ethenoid linkage. When the site of the act of absorption is an electron 
under the joint control of both carbon and oxygen, the molecular extinction coefficient 
will be low, of the order 10—100, whereas if the electron which is raised to a higher energy 
level forms part of a C:C linkage, the molecular extinction coefficient will generally be high, 
of the order 108—105. 

The absorption spectra of acetylphenylacetylene and of phenylacetylene have also 
been determined (Figs. 13 and 14). Detailed discussion of the data must be deferred except 


Fic. 13. Fic. 14. 
Acetylphenylacetylene in hexane. Phenylacetylene in hexane. 


14.000 4:3 


a} 





/ 


















































\ . 


270 300 205 230 255 260 
Wave-length, mu. 


Phenylacetylene in hexane. 
} a, 4 log e. 1/A, cm.-, Acm.-1, 

294 : 34,010 
Very narrow and sharp 282 if 35,460 1450 
Very sharp 278°3 : 35,930 470 
Tiny inflexion 276°4 . 36,180 250 

274°5 ; 36,430 250 

271°6 Q 36,820 390 
Tiny inflexion 269°5 "46 37,100 280 
Very sharp 2641 , 37,870 770 
Very sharp 246 j 40,650 2780 
Small band 241 , 41,490 840 
Very sharp 235°7 42,420 930 
Small band 230°8 “16 43,340 920 


Acetylphenylacetylene in hexane. 
287-2 3°78 34,820 670 
281-8 4-02 35,490 1610 
269°5 4°10 37,100 1610 
258°3 4:03 38,710 1700 
Ill-defined 247°5 3°88 40,410 1890 
Ill-defined 236°4 3°79 42,300 


(In methyl-alcoholic solution the envelope of the absorption is similar, and the intensity 
of absorption approximately the same, but nearly all resolution into subsidiary bands has 


disappeared.) 
30 
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for one or two comments. The envelope of the curve for the former almost coincides with 
that of the methyl ether derived from it; this seems to imply that the same electronic 
transition is operating in the selective absorption of both compounds. It is too intense 
to be located in the carbonyl group, and it seems necessary to conclude that the electronic 
process occurring in the absorption of ultra-violet light is the same, in these two compounds, 
for the CiC and the C:C group. 

The Raman spectra of a number of substances relevant to the present work have been 
measured, but at the present stage in the study of Raman spectra it is only necessary to 
record the data (see Table V). 

TABLE V. 


Acetyl- Ethyl aceto- Benzoyl- Ethy] benzoyl- 
Acetone. acetone. acetate. acetone. acetate. 


No. of lines 31 28 32 10* 12 


cm,-, 
C—C,,, 3045 3000 2997 3018 3045 
2930 292 2961 2961 
CH, 2930 2879 2889 
2845 2845 
C=O 1718 
1489 1598 1634 
C=C ca. 1600 1345 1364 1444 
1228 1278 1345 
1071 1238 1165 
Ju 821 1175 1092 
CK 790 1019 976 
NH ca. 1450 727 925 
529 648 583 
543 
415 
393 
* Saturated solution in alcohol. 


Conclusions. 


(i) Benzoylacetone in dilute solution in hydrocarbon solvents exists almost entirely 
as COPh:CH:C(OH)-CHg, and in other solvents this is in equilibrium with appreciable 
quantities of diketone. The amount of the latter is small in all solvents except water. 

(ii) The evidence shows that chelation through hydrogen of the mono-enol, if it occurs 
at all, must be different in kind from the chelation which obtains with metallic derivatives. 

(iii) The absorption spectrum of the diketone is the same as that of diketonic methyl- 
benzoylacetone and resembles closely that of dimethylbenzoylacetone (and also aceto- 
phenone). 

(iv) Sodium (and potassium) benzoylacetone, at the dilutions necessary for spectro- 
graphic examination, differ in structure from benzoylacetone enol and are probably to be 
formulated as CPh(ONa):CH-CO-CHs. 

(v) In the presence of excess of sodium ethoxide, the chelated compound is formed 
together with a small proportion of a dienolic derivative, probably CPh(ONa):C:CMe(ONa). 

(vi) The absorption spectra of metallic derivatives differ appreciably from that of the 
mono-enol, and on account of the approximately constant character of the absorption 
of the chelated derivatives, Sugden’s singlet linkage is supported. 

(vii) Enolic methylbenzoylacetone consists entirely of CPh(OH):CMe-COMe and is 
probably unchelated [see (ii)]. In the presence of sodium ethoxide the chelated sodium 
derivative is formed. Since the enol and benzoylacetone enol possess different structures, 
but yield spectrographically similar chelated sodium derivatives, there is strong evidence 
in favour of a singlet, rather than a duplet, linkage for the residual valency, since this 
abolishes the distinction between enolisation on the acetyl and the benzoyl group. 

(viii) Dibenzoylmethane exists almost entirely as unchelated CPh(OH):CH-COPh 
[see (ii)], but in the presence of excess of sodium ethoxide the chelated sodium derivative 
is stable. 

(ix) Ethyl benzoylacetate exists as an equilibrium mixture of COPh-CH,°CO,Et and 
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CPh(OH):CH-CO,Et, the enol being unchelated [see (ii)]. In the presence of excess of sodium 
CPh:CH-C-OEt 
O-Na<—O 

(x) In keto-enol tautomerides, the same wave-lengths of maximum absorption reappear 
frequently, but bands at 280, 310, and 345 my are much more intense (order 100 times) 
in the enols than in the ketonic forms. 

(xi) The absorbing entities are chromophores which are complex, #.e., made up of two 
or more simple chromophores such as C—C and C—O. 

As a result of the operation of a complex chromophore it is often possible to distinguish 
two or three bands and to localise the acts of absorption in the simple constituent chromo- 
phores. For instance, of the bands associated with the benzoyl group: that near 310— 


* 
320 my, of low intensity, is due to the carbonyl group and may be written C—O, whilst 
that at 280 my is due to the carbonyl group influenced by the phenyl group and may be 
written C,H,*CO*, and that at 242 my is due to the phenyl group influenced by the carbonyl 


* 
group C,H,*C—O. 

(xii) The electronic energy levels associated with the carbonyl group and the ethenoid 
group are approximately the same. The exact specification of the energy levels is not 
possible from the data of organic compounds in solution, but the viewpoint adopted in the 
work may possibly clear the ground for more precise measurements. 


ethoxide, the chelated derivative is stable. 


The Raman data were obtained in 1930—1931 by one of us (T. C. C.) in connexion with 
the exploratory work. We are indebted to the Egyptian Educational Mission for providing 
facilities for one of us (A. H.) to participate in the later stages of the work. Mr. R. H. Creed 
has given valuable assistance in the photography. 


THE UNIVERSITY OF LIVERPOOL. (Received, January 23rd, 1934.] 





193. The Absorption Spectra of the Nitrotoluidines and Related 
Substances. 


By R. A. Morton and A. McGookIn. 


In considering the spectral absorption curves for the ten isomeric nitrotoluidines several 
methods of approach are possible. (i) Starting from benzene, the curves for toluene, 
aniline, and nitrobenzene may first be considered, then those for the o-, m-, and #-nitro- 
toluenes, -toluidines, and -nitroanilines, followed by those of the nitrotoluidines in alcohol, 
in water, and in hydrochloric acid. (ii) The ten nitrotoluidines all exhibit well-defined 
absorption bands and some of the maxima are common to several isomerides. Although 
the wave-length of maximum absorption may be the same for two isomerides, the intensity 
of absorption may be different. Such variations may be considered in relation to the 
problem of o-, m-, and p-isomerism. (iii) In several of the isomerides, three separate 
broad absorption bands are shown, and any simple relationship, in the sense of constant 
or recurring frequency differences, obtaining between the wave-length maxima should 
be apparent. The conditions are specially favourable for such a test, since most of the 
maxima can be measured independently and with some accuracy on more than one com- 
pound. Moreover, the different bands are so well separated on the wave-length scale 
that the displacement of maxima due to overlapping absorption bands is likely to be as 
small as can be expected for complicated absorption spectra shown by substances in 
solution. 

Benzene.—In the vapour state benzene exhibits a typical banded spectrum which is 
capable of a high degree of resolution, the frequencies corresponding with v = 38,600 +- 
922n — 80f, where n = — 1, 0, + 1, + 2,..., and p=0O, l, 2, 3, . . .; whilst the 
vapour fluorescence spectrum is reproduced by the same equation when n = + I, 0, — 1, 
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—2,—3, ... We may therefore accept v = 38,600 cm. (259-1 my) as being very close 
to the electronic frequency for benzene. 

Allsopp (Proc. Roy. Soc., 1934, 148, A, 618) has shown that cyclohexene exhibits a maxi- 
mum at 185 my, log ¢ 3-7, and a step-out at 230—280 my of extremely low intensity, both 
regions of selective absorption being ascribed to the double bond. The curve for 1 : 3- 
cyclohexadiene shows maxima at 185 my, log « 4-75, and two new maxima at 256 and 
268 my, loge 4-0 and 3-8 respectively; the absorption at ca. 260 my is about 2 x 104 
times more intense than in cyclohexene. From the dispersion data, a maximum at about 
110 my is inferred alike for cyclo-hexane, -hexene, and -hexadiene. 

For benzene dissolved in alcohol or hexane, the maximum occurs at 254°3 mu, the e 
value of 320 being relatively low, but a second more intense band appears in the region 
near 190 my, whilst the dispersion requires a maximum well into the Schumann region. 
From the work of Allsopp it is clear that the latter is unrelated to the unsaturation of the 
molecule. Restricting attention, therefore, to the double bond, we have to account for 
two transitions in benzene, viz., those associated with the chromophore C:C (190 my or 
150,000 cals./g.-mol.) and with conjugated double bonds (259 my or 110,000 cals./g.-mol.), 
the difference being about 40,000 cals./g.-mol. Substitution of a methyl group to give 
toluene slightly displaces the observed maximum, but the extinction coefficient of 300 
at 261-7—264-7 my is practically unaltered. Naturally, the introduction of a methyl 
group confers on the molecule the possibility of new vibrational frequencies, but there 
seems no reason to doubt that the same electronic change and virtually the same electronic 
energy levels are concerned in the spectral absorption of toluene as of benzene. This is 
also true of ethylbenzene (cf. Ramart-Lucas and Amagat, Bull. Soc. chim., 1932, 51, 965) 
with its maximum near 260 my, log « 2-6. It may therefore be conciuded that the absorp- 
tion band near 260 my is due to a valency electron in a C:C,,.,, linkage, and is charac- 
terised by a relatively low ¢,,,, of the order 300. 

Nitrobenzene.—The absorption spectrum in solution shows a well-defined maximum 
at 257 mu, but the extinction coefficient is now 10,000. The wave-length is sufficiently 
close to that of the benzene absorption at 254 my to justify the hypothesis that it cor- 
responds with the same type of electronic transition, i.¢., that the C:C group is still the 
site of the act of absorption represented by the maximum. Nitrobenzene also exhibits 
two quite distinct inflexions in the absorption curve, viz., those at 275—300 my (log « 
ca. 3-2) and 320—365 mu (log « ca. 2-3). It will be necessary to investigate whether these 
inflexions represent partially masked bands due either to the nitro-group or to additional 
electronic energy levels associated with the C:C group. 

Aniline.—Alcoholic solutions of aniline differ markedly from those of benzene in respect 
of absorption spectra. A new maximum appears at 234 my with considerable intensity 
(c 11,500) but there is also a second band at 284-5 my of lower intensity (¢ 1,750). It 
seems evident that the introduction of an amino-group has radically altered the energy 
levels of the molecule. Inasmuch as the absorption spectrum of benzylamine resembles that 
of ethylbenzene, and, moreover, amides exhibit little that is characteristic in their absorption 
spectra, the new maxima can hardly be ascribed to electrons connecting nitrogen and 
hydrogen atoms. It is not so easy to dispose of the idea that electrons under the joint 
control of carbon and nitrogen atoms are responsible, in view of the similarity in extinction 
coefficients between the 257 my band of nitrobenzene and the 234 my band of aniline, 
but as benzonitrile shows a band at 225 my (log « 4-1) and a second maximum near 280 mu 
(log « 2-85), the simplest view to adopt provisionally is to assume that the C-C chromophore 
is responsible in all these cases for all the bands. The fact that benzoic acid shows a maxi- 













Anes.» my. €max.: Amas.s my. €max.- 
Or Eebie 088 csecsesesess.i« 275 2,200 229 12,200 
m- ,, 1. cobeisaiaciaieaie 278°8 1,600 231 13,500 
ms bMS eateces (no clear maximum) 236 15,300 












mum at 227 my (log ¢ 4-15), and that in the toluic acids similar results are obtained, does 
not lessen the plausibility of this, the simplest, assumption. 
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Disubstituted Products.—(a) The nitrotoluenes do not differ greatly from nitrobenzene : 


Pain mp. €max.+ p ae my. €max.- 
Nitrobenzene ......... 257 10,000 m-Nitrotoluene ...... 263-7 12,000 
o-Nitrotoluene ...... 257 6,500 p- Dt able ee 272°2 11,500 


and it may be provisionally assumed that, in the main, the same electronic levels occur 
in these as in nitrobenzene. The vibrational frequencies may, however, be expected to 



















































































Fic. 1. Fie, 2. 
12,000 

Chloronitrobenzene ---0-Phenylenediamine 

11,000 ~~. ST) | h6UL A ATi m- do. 
— p- —p- do. 
/ inalcohol. | 10.000-7+-; in alcohol. —— 
9,000 \ 
8,000} 
7,000}; o VN 
i : 5 

s 6,000| 

‘ \i 
5,000-+—— + ‘ 

Fy ‘ x 
i i ‘ 4,000 Me 
1 \ \ ‘ 

3,000 AN - \ 

no \ 2,000 we 
1 ~~ . 

00070 260 300 340 230 250 70 290 310 
Wave - length, mp. Wave-/ength, mb. 


vary somewhat, thus accounting, perhaps, for the relatively small but real wave-length 
displacements. Evidence in support of this view may be obtained from the data on the 
chloronitrobenzenes (see Fig. 1) : 


Aasx.s my. €max.- 
o-Chloronitrobenzene ...........seeeeeeeee 250°7 4,000 
m- oe: Vl 1 pedptpetebecdecbenns 256°5 7,150 
b- ee ae ae 270-1 11,300 
(b) The toluidines closely resemble aniline : 
Amax.s mp. €inax.- 

O-TORGMEEMGG —acceviccrccscce 284°3, 233-1 2,130, 11,500 

m- ez) Racukthucebel 287°2, 236°9 1,950, 11,500 

p- is weewensliumaeie 290°5, 235-7 2,000, 10,300 


and, indeed, the chloroanilines, aminophenols (Fig. 16), and the phenylenediamines (see 
Fig. 2) are closely similar, but in the acetotoluidides (Fig. 17) the 2830—290 my maximum 
is absent. 


(c) The nitroanilines differ entirely from the preceding compounds (see Figs. 3, 4, 5) : 


Amax.s my. €max.+ 
o-Nitroaniline ............ 403°6, 275°2 5,400, 5,100 
m- wit ~«eieelia 375°0, 233-0 1,580, 18,000 
p- RR en FO 374°0 15,350 


It is evident that new chromophores have come into existence, and it is necessary to 
investigate their nature. The effective electrons may still belong in some cases to the C:C 
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group, the strength of binding being modified so as to permit new transitions. On the 
other hand, the new electronic frequencies may be due to the nitro- or the amino-groups 
auxochromically influenced by the remainder of the molecule. Further light is thrown 
on these alternatives by consideration of the data on the three nitrodimethylanilines 
(see p. 909), but it is first necessary to discuss the nitrotoluidines (Figs. 6—15). 


Fic. 3. 
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Fic. 5. 
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These are readily classified as regards absorption spectra into three classes, those with 
the amino- and the nitro-group o-, m-, and p- to each other (see Table I). It will be seen 
that in alcoholic solution, as regards both location and intensity of bands, the determining 


TABLE I. 


NHg. = Amax.» My. log e. Amax.» Mp. . Amax.s Mp. 


403°6 3°73 275-2 —_ 
408-2 3°62 283°5 230 
404 3°50 282°5 236 
405 3°85 286 , 231 
417°5 3°76 280 . 230 

— — 284°3 234 
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factor in the nitrotoluidines is the relative position of these two groups. The chromo- 
phoric groups responsible for the 400—420 and 350—375 my bands must be 
NO, NOs - NO, 


(a) cK or C< sC, 
4 \c-nuH, 7 \¢-NH, “CINH, 


H,N-C 
. \ and 


HNC. : : ACNO, 
2 \eé ai 2 


(0) J 
“ C-NO, 


CH; 


NH Fig.6. 
NO, 6 
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Wave-length, my. 
Jn ethyl alcohol. In water, ------Jn HCL. 


The absorption spectra of the nitrotoluidines in 10% hydrochloric acid have also been 
measured and a clear correlation with the o-, m-, and f-nitrotoluenes at once emerges. 
As may be seen from Table II (in which the positions of the substituents are denoted by 
numerals; CH, = 1), with the exception of two isomerides (denoted by an asterisk), 
these bases resemble the corresponding nitrotoluenes very closely. It is difficult to see 
why the acid should not inhibit the visible colour in the two exceptional cases: the effect 


may perhaps be interpreted as a sign of steric hindrance. 
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TABLE II. 


"Oo. Mi, Ac’ we | OO A ee 

3 — 263-7 4-08 4 272-2 4-06 

*3 4 { 416 3°25 2 273°5 40 

; 276 3°67 416 3°52 
263 3°67 } 286 3-93 
263 3°84 225 41 
266 3:86 
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In ethyl! alcohol. In water. ---------In HCL. 


The interpretation which involves fewest assumptions regards the amino- and the 
nitro-group as being purely auxochromic. On this view, all the absorption bands represent 
different states of electronic excitation of the aromatic C:C group; 7.e., we may regard 
the 230—235 and 275—285 my bands which recur so regularly in the alcoholic solutions 
of the nitrotoluidines as being precisely analogous to those shown by aniline, whilst the 
375 and 405 my bands must be due either to a C:C electron influenced by both these 
groups, since neither is effective in this sense alone, or to an electron controlled by a nitrogen 
atom and influenced by unsaturation within the same molecule. 

That the classification of the absorption spectra of nitrotoluidines is reasonably correct 
may be inferred from the following data on more complicated molecules. 


CH3. NO,. NH,. 
l 4:5 2 Alcoholic solution: Ammax,, 375°2, €max, 12,000 (loge 4°08); inflexion 

235—255, emax, 9000—10,000. 

Aqueous solution: Amex. 391°5, max. 7000; inflexion 245, €nax, 7000 
(compare m- and p-nitroanilines). 

Amax, 425, 286; inflexion 230—250. 

Amax, 370, 286, 230—250. 

Amax. 320, 274. 

Clear maximum near 416 mp, as would be expected from o-nitroaniline. 
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TABLE III, 
Nitrotoluidines. Band displacements (alcohol —+> water). 


NO,. NH. A. cm.-!, A. cm.-1, Acm.-!. NO,. NH,. A. em, A. cm-!, Acm.-t, 
3 2 408-2 (24,500) to416 (24,040) — 460 4 3 236-0 42,370to229 43,670 + 300 
283-5 (35,280) 292-5 34,190 —1090 405 24,690 410 24,390 — 300 
230 230 nil 286 34,970 296 33,780 —1190 
373 26,810 353 28,330 +1520 231 643,290 228 43,860 + 570 
288°5 34,660 292 34,250 — 410 : 375 26,670 368 27,170 + 500 
253 39,530 246 40,650 +1120 287 34,840 292 34,250 — 590 
230-6 230 235 42,550 228 43,860 —1310 
379 380 negl. P 373°5 26,770 378 26,460 — 310 
230 230 250 
353°5 28,290 345 28,9909 + 700 233 230 small 
235°0 42,550 230 43,480 + 930 : 417°5 23,950 428 23,360 — 590 
404-0 403°5 280 35,710 288 34,720 — 990 
989+5 285 — 230 43,480 227 44,050 + 570 
2 373°5 26,770 355 28,170 +1400 
235°0 42,550 230 43,480 + 930 


Fic. 16. Fic. 17. 
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The Nitrotoluidines in Aqueous Solution.—Comparison of the absorption spectra of 
alcoholic and aqueous solutions of the nitrotoluidines shows that the same absorption 
bands occur in both solvents; although the curves are very similar in shape, the exact 
locations of the maxima differ appreciably, the bands being displaced either not at all or in 
either direction, as shown in Table III. It will be noticed that Acm.* varies from + 1520 
to — 1190, a range of frequencies typical of the intramolecular vibrational frequencies 
appearing in the Raman effect. The following are some of the Raman frequencies for 
relevant compounds (intensities in parentheses) : 

Benzene : 605(3), 849(1), 991(10), 1178(3), 1584(3), etc. 

Aniline: 385(3), 530(3), 615(3), 762(2), 813(56), 993(10), 1028(5), 1153(3), 1270(4), 
1600(10), 3046(4), 3360(3), 3423(2). 

Toluene: 217(4), 520(2), 622(2), 786(4), 1002(4), 1029(1), 1154(1), 1209(3), 1604(6), 
2929(1), 3054(6). 

Nitrobenzene: 620(2), 805(26), 1007(4), 1030(1), 1187(2), 1597(2), 2252(3), 2913(2), 
3057 (4). 

+ - ne (strong lines), 0: 546(4), 571(4), 791(5), 1047(5), 1197(4), 1138(10), 
1178(5); m: 506(4), 793(6), 1000(6), 1095(5), 1334(2), 1580(6); p: 636(3), 860(4), 1105(6), 
1334(20), 1586(6). 
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Toluidines (strong lines), 0: 748(5), 1040(4), 1273(4); m: 742(5), 998(5), 1285(3), 
1605(3); ~: 850(2), 998(2), 1269(2), 1625(2). 

Allowance being made for experimental error, the Acm. values from absorption 
spectra for the nitrotoluidines are 520, 1025, and 1410. Good agreement with particular 
Raman lines cannot be expected, but the data tend to justify the assumption that the 
solvent displacements are due to changes in vibrational sub-levels, with electronic levels 
unchanged in alcohol and water. This assumption is consistent with the absence of any 
regularities in the sense that the observed displacements may be positive or negative even 


in the same compound, 
The maxima for the nitrotoluenes and toluidines may be considered in this connexion : 


Nitrotoluenes. Toluidines. 
Aus. Tp. cm,~}, Acm.~, Amax.» My. cm,-}, Acm.~1, 


257 38,910 990 284°3 35,170 350 
263-7 37,920 1190 287°2 34,820 400 


272-2 36,730 290°5 34,420 
It would seem that a given electronic transition is common to a given set of o-, m-, and 
p-isomerides, but the wave-lengths of the observed maxima indicate a displacement as 
a result of quantised changes in interatomic vibrations. 

This suggestion implies that the observed wave-length of maximum absorption need not 
necessarily, or even usually, indicate with any great exactness the magnitude of the quantum 
necessary for the electronic transition. Even an approximate diagram of electronic levels 
in polyatomic organic substances like these would, however, be very useful. 

On the basis of the best methods of interpretation now current, there is no reason to 
predict that the absorption spectrum of toluene should be displaced as compared with 
that of benzene. The methyl group is itself quite transparent, and in aliphatic compounds 
its introduction effects no corresponding displacement. The highest absorption for toluene, 
diphenylmethane, and triphenylmethane (“ Handbuch der Physik,” Vol. 21, p. 129) is 
reached at 262 my (cm. 38,150) as against 254-3 my (39,520) in benzene. The sub-maxima 
occur at the same wave-lengths in all these compounds, and the difference, 39,520 — 38,150 
= 1370 cm."1, is of the right order for a vibrational frequency. The fact that the value 
1370 cm." does not agree exactly with the recorded Raman frequencies need not necessarily 
invalidate the argument, because the vibrational sub-levels of the ultra-violet band are 
vibrations of the excited molecule, whereas the observed Raman frequencies are recorded 
on unexcited molecules. 

Hence, in benzene, toluene, and di- and tri-phenylmethane, the act of absorption has 
exactly the same electronic mechanism, the wave-length displacement being due to slightly 
different vibrational effects. 

The absorption spectra of the nitrotoluidines and related substances may now be con- 
sidered from the point of view of two well-known theories. According to Henri, the different 
Amax, Values for the isomerides should correspond with frequencies which are integral 
multiples of infra-red frequencies of maximum absorption. This theory has been adequately 
examined by Ramart-Lucas (Bull. Soc. chim., 1932, 51, 289). The infra-red absorption 
spectra of the nitrotoluidines are not known, but in any case there is little reason on modern 
ideas of band spectra to expect integral multiple relationships between infra-red and ultra- 
violet bands, 7.e., between characteristic vibrational and electronic frequencies. 

If, on the other hand, Baly’s theory of molecular phases were valid, the frequencies of 
maximum absorption in the case of the nitrotoluidines should be integral multiples of a 
common frequency. Careful analysis of the figures shows that the essential hypothesis 
can neither be proved nor disproved. In its original form the phase hypothesis seems— 
on account largely of its elasticity—to be unserviceable except as a qualitative interpret- 
ation of different states of molecular activation. 

Dr. J. R. Edisbury has kindly examined the nitrodimethylanilines and his results are 
summarised in Table IV. It is noteworthy that the middle band of the nitrotoluidines 
disappears or is masked in the dimethylamino-isomerides. The auxochromic effect of 
the dimethylamino-group appears to be very similar to that of the amino-group, but the 
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Nitrotoluidines and Related Substances. 


TABLE IV. 


Ortho. Meta. 
Solvent. Amax. Mp. loge. Assax.s Mys. 


Nitrodimethylanilines. 

Alcohol 416 3°47 400°3 
245°5 4°33 246 
Water 441 3°29 385 
242 4:24 247 
Aq. HCl (5 eq. HCl) 439 2°78 378 
248 3°95 247 

(500 eq. HCl) — — 


261°7 3°86 — — 


” 


7 (5000 eq. HCl) — — —- = 
262 3°86 251 ° ca. 240 3°90 
Nitroanilines. 


Alcohol 403°6 3°73 375 : 374 4:18 
275°2 3°71 233 ; —_ —_— 


quantity of hydrochloric acid necessary before the nitroaniline type of absorption is re- 
placed by the nitrobenzene type is very large. As in the nitroanilines, the relative position 
of the nitro- and the dimethylamino-group determines very largely the locations of the 
maxima. Just as in m-nitroaniline the 375 my maximum has only one-tenth of the in- 
tensity of the same band in #-nitroaniline, so the 400 my band of m-nitrodimethylaniline 
is about 1/16 of the intensity of the 386-5 mu band of #-nitrodimethylaniline. The data 
show clearly the apparently arbitrary way in which the A,,x, values can vary from solvent 
to solvent; e.g., replacement of alcohol by water results in displacements in opposite 
senses for m- and #-nitrodimethylaniline: 400-3—> 385, 386-5——-> 422myu. The 
basicity of p-nitrodimethylaniline is very small, but the visible absorption is greater than 
for the o- and the m-isomeride. Hence the long-wave maxima are probably due to undis- 
sociated molecules. The hydrochlorides are transparent to visible radiation. 


EXPERIMENTAL. 


The ten isomeric nitrotoluidines used in this investigation were prepared by the usual 
methods, improvements being sometimes introduced in order to increase the yields. The 
compounds were carefully purified by repeated crystallisation alternately from alcohol and dry 
benzene until of constant m. p. In the following table, the m. p.’s are compared with those 
recorded in the literature. 


M. p. M. p. 


sé 








~ 


Compound. a Literature. Compound. se Literature. 
3» NO,. NH,. Obs. Highest. Lowest. CH;. NO, NH,. Obs. Highest. Lowest. 
2 97° 97° 94—94°5° 110° =112° 109° 


Cc 


134 138—140 133 
78 78°5 77 
117 117—118 110 


2 
2 129 131 127 
2 92 92 90—91 


H 
1 
1 
1 
1 
1 3 108 108 106 


H 
1 
107 109 104—105 1 i 98 98—98-4 95 
1 
1 
1 


The experimental details given below are typical. 

2-Nitroaceto-p-toluidide.—The acetylation of the nitroamines was carried out preferably 
by shaking the finely powdered solid (100 g.) with water (600 c.c.), adding freshly distilled acetic 
anhydride (100 g.), and again shaking vigorously; the mixture was ice-cooled, and the acetyl 
derivative filtered off and crystallised from water. If this method was not successful, 100 g. 
of base were dissolved in pure acetic anhydride (130 g.) and concentrated sulphuric acid (0-5 g.) 
added; heat was developed, and acetylation was usually instantaneous, but 10 minutes’ boiling 
under reflux was carried out to ensure completion of reaction. The mixture was poured into 
water (800 c.c.), with rapid stirring, cooled with ice, and the acetyl derivative filtered off and 
washed free from acid. 2-Nitroaceto-p-toluidide forms colourless flakes, m. p. 145°. 

2: 3- and 2: 5-Dinitroaceto-p-toluidides—The foregoing compound (20 g.), powdered and 
sieved, was added, 0-2 g. at a time (90 mins.), to pure fuming nitric acid (300 c.c.) (mechanical 
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stirring), the temperature being kept below 0°. After a further hour’s stirring at 0°, the mix- 
ture was poured into ice-water (2 1.), the solid filtered rapidly upon a Buchner funnel of large 
area, quickly washed free from all traces of acid, and dried; yield 94%. 

2:3- and 2: 5-Dinitro-p-toluidines.—The finely powdered nitration product (20 g.) was 
dissolved in concentrated sulphuric acid (150 c.c.), and an equal volume of water slowly added ; 
the mixture was cooled, poured into ice-water (1-5 1.), and kept for 2 hours in the ice-chest. 
The solid was filtered off, washed with ice-water, and dried; yield 99%. This mixture of dinitro- 
toluidines was fractionally crystallised from aqueous acetone, 98% of the mixture being com- 
pletely separated into its constituents. 2: 3-Dinitro-p-toluidine, large yellow prisms, m. p. 
124°, was the more soluble isomeride (acetyl derivative, m. p. 175°); the 2: 5-compound, 
dark red needles, m. p. 189°, formed approximately one-third of the total yield of isomerides 
(acetyl derivative, m. p. 124°). 

2 : 3-Dinitrotoluene.—2 : 3-Dinitro-p-toluidine (34 g.) was dissolved in absolute alcohol 
(100 c.c.) and heated under reflux on a water-bath after concentrated sulphuric acid (12 g.) had 
been gradually added. Finely powdered, dry sodium nitrite (23 g.) was added through the 
condenser in small portions; when all evolution of gas had ceased, the flask was cooled, and 
the alcohol evaporated in a desiccator, To the slightly tarry residue nitric acid (50 c.c.; d 
1-42) was added, and the liquid refluxed until brown fumes ceased to be evolved. The solution 
was cooled, diluted with water (200 c.c.), and extracted with ether. After removal of the ether, 
the dinitrotoluene was crystallised from alcohol; m. p. 60°; yield 80%. Other methods of 
diazotisation failed to improve the yield. 

2-Nitro-m-toluidine.—Burton and Kenner’s method (J., 1921, 119, 1047) gave a 79% yield 
of orange crystals, m. p. 108°; acetyl derivative, m. p. 126°. 

3 : 5-Dinitroaceto-p-toluidide.—Aceto-p-toluidide (20 g.) was nitrated as previously described ; 
yield 59%; m. p. 195°. 

3 : 5-Dinitro-p-toluidine.—Hydrolysis was effected as with the other isomerides; yield 
99-2%. The highly purified compound consisted of golden spangles, m. p. 169°, the ordinarily 
purified solid being brownish. 

3 : 5-Dinitrotoluene.—The diazotisation was conducted as previously described, but the 
product was steam-distilled; yield 77%; m. p. 93°. The theoretical yield mentioned by 
Cohen and McCandlish (J., 1905, 87, 1257) could not be attained. 

5-Nitro-m-toluidine.—Very prolonged boiling of 3: 5-dinitrotoluene with alcoholic am- 
monium sulphide gave an 85% yield of the base, which crystallised from hot water in fine red 
needles, m. p. 98°; acetyl derivative, m. p. 186°. Other reducing agents did not increase the 
yield. 

CONCLUSIONS. 


1. The electronic mechanism of absorption in benzene, toluene, diphenylmethane, 
etc., is essentially the same, any small differences in spectra being due to vibrational 
effects (Amax, ca. 260 my). 

2. The main absorption band in nitrobenzene, the nitrotoluenes, and the chloronitro- 
benzenes is due to the same electronic transition. 

3. New electronic levels emerge when amino- or carboxyl groups are introduced into 
the benzene ring; quanta corresponding with ca. 230 and 280 my recur in the toluic acids, 
in aniline, and in the toluidines. 

4, The nitroanilines show new levels at 375 and 405 my approx. 

5. The determining factor in the absorption of the nitrotoluidines is the relative position 
of the nitro- and the amino-group; for instance, those isomerides with these groups in 
the o-position give spectra resembling that of o-nitroaniline, etc. The 375 my maximum 
is about 10 times as intense in f- as in m-nitroaniline. This ratio also applies to the nitro- 
toluidines, in which the amino- and the nitro-group are in #- and m-positions respectively 
with regard to one another. 

6. The spectra of the nitrotoluidines in acid solution resemble those of nitrotoluenes, 
the relative position of the methyl- and the nitro-group now exercising the determinative 
role. 

7. Comparison of the absorption spectra of the nitrotoluidines in alcoholic and in 
aqueous solution shows that the maxima vary irregularly, although the general shape of 
the curves is always the same in the two solvents. The broad bands shown in solution 
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are considerably influenced by vibrational effects, and the actual wave-lengths of maximum 
absorption afford only very approximate estimates of the electronic levels. The displace- 
ments due to change of solvent appear to correspond with vibrational sub-levels. 

8. Theories involving possible integral multiple relationships between 4x, values 
are not supported. 


We thank Dr. A. McKeown for valuable help. 


THE UNIVERSITY OF LIVERPOOL. [Received, February 6th, 1934.) 





194. Chromophoric Groups. Part I. Ultra-violet Absorption Spectra 
of Indene and Certain of its Derivatives. 


By R. A. Morton and A. J. A. DE GOUVEIA. 


THE theory of band spectra postulates three types of bands correlated severally with (a) 
changes in rotational energy, (b) simultaneous changes in rotational and vibrational energy, 
and (c) simultaneous changes in the rotational, vibrational, and electronic energy of the 
molecule. The selective absorption of polyatomic organic vapours in the visible and the 
ultra-violet region is of type (c), and the number of degrees of freedom is so great as to make 
a satisfactory analysis very difficult. In solution, the degree of resolution achieved under 
high dispersion is much inferior to that obtained with vapours, and even with indifferent 
solvents such as hexane and heptane the effects of quantised rotational changes are no 
longer recognisable. For a large number of absorbing substances dissolved in alcohol or 
hexane, broad regions of selective absorption are shown in the visible and ultra-violet, 
with no indications of resolution into narrower bands, whilst with other substances a 
number of sub-maxima are shown, the frequency differences between which are approxim- 
ately constant. These correspond with interatomic vibration frequencies. 

Certain groupings, notably C:C, C:0, N:N, are regarded as chromophores in the sense 
that they give rise to selective absorption in the region 180—800 my. There is no difficulty 
in conceiving a valency electron in such groupings being raised to a higher energy level 
as a result of the act of absorption; but when the phenyl group or an entity containing 
several conjugated double bonds gives rise to a special absorption band, difficulties at 
once arise. It is difficult to localise the act of absorption in a chromophore containing 
three double bonds, and it is necessary to draw a distinction between simple and complex 
chromophores. In a simple chromophore the electron, which, by the act of absorption, is 
raised to a higher level, is simultaneously under the control of two atoms, e¢.g., in the three 
groups specified above, whereas in a complex chromophore such as CgH; and CH:CH-C.0, 
the groupings responsible for the band may contain more than two atoms, although the 
act of absorption occurs in a simple chromophore within the complex chromophore, the 
possible transitions of the electron concerned being determined by the properties of neigh- 
bouring atoms or groups. A complex chromophore may thus be a very large unit; it is 
a chromophore if the existence in a molecule of the definite large grouping is a condition 
for the appearance of a particular band. Thus a certain minimum of conjugated double 
bonds is necessary for the appearance of the absorption band associated with the visible 
colour of, e¢.g., carotene. 

If the absorption spectra of hydrocarbons are considered, the evidence indicates that 
all saturated hydrocarbons, aliphatic or hydroaromatic, are transparent, or practically 
so, in the region 200—800 mu. Selective absorption in hydrocarbons is therefore due to 
unsaturation, but whilst ethylene and the butadienes only exhibit selective absorption 
beyond 225 my in the direction of the Schumann region, yet selective absorption occurs 
at longer and longer wave-lengths as unsaturation is increased in the order benzene, naphth- 
alene, anthracene, carotene, perylene, for instance. The chromophore, or the group 
determining the spectral location of absorption, includes what Radulescu (Ber., 1931, 64, 
2223) has termed the “ shared resonator ”’ or the entire ‘“‘ electron constellation.” This 
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can only mean that the individual electron, which by the act of absorption is raised to a 
higher energy level, has its energy diagram modified as the result of the presence of other 
centres of unsaturation. A longer or shorter succession of conjugated double bonds 
determines the possible transitions of a valency electron in a double bond, and although 
a very large number of transitions may be theoretically possible, it may plausibly be 
argued that regularities in the spectra indicate that the important ones may not be too 
numerous for useful classification. 

Let us imagine that a series of absorption bands can be identified with the chromo- 
phores CH:CH, CH:CH-CH:CH, . . . (CH:CH),; each band should correspond with a 
particular energy level to which a valency electron in the C:C group is raised, and the 
notation C:C,, C:C,, C°C, should facilitate description. In the same way, the statement 
that a particular absorption band arises only from unsaturation in a molecule containing 
n conjugated double bonds may be expressed by C:Cioo,, as a description of the 
chromophore. 

Again, acetone has two bands, one at 187 my (Ley and Arends, Z. physikal. Chem., 
1931, 12, B, 32) and another near 275 my. Both are due to the carbonyl group and can 
be written C:O, and C:Og, respectively. In mesityl oxide, the latter band is displaced and 
may be described as C:O, or C:Og:c, intimating that the chromophore contains both the 
carbonyl and the ethenoid group, and that the act of absorption occurs for an electron under 
the joint control of carbon and oxygen, but that its transition probability is different from 
that of the corresponding electron in acetone, in virtue of an induced effect from the double 
bond. Mesityl oxide also shows a band near 234 my due to the ethenoid linkage. The 
chromophore may be written C:Cgo, indicating that the act of absorption occurs at the 
ethenoid linkage, the transition of the electron concerned being different from that of the 
corresponding electron in ethylene in virtue of an induced effect from the carbonyl group. 

On this basis, the absorption bands of organic compounds show in the first instance 
the occurrence of a finite number of electronic energy levels for a few simple diatomic 
groupings like C:O, C:C, and N:N, etc. The recognition of these different levels is, however, 
complicated by the existence of vibrational levels, and there are many instances where 
the actual wave-length of maximum absorption in a band resolved into sub-groups repre- 
sents apparently an electronic frequency plus or minus a vibrational frequency or a simple 
multiple thereof. In order, therefore, to deduce the electronic levels, it is desirable where 
possible to make allowance for this effect, and in many cases of broad unresolved bands, 
it is important to realise that the observed frequency of maximum absorption may only 
be an approximation to the true and theoretically significant electronic frequency, quite 
apart from the difficulty of accurately determining the maxima by experiment. 

From the chemical point of view, it would be attractive to assume that the molecules 
of a substance showing two bands due to the same complex chromophore (¢.g., mesityl 
oxide, C:C-C:O) exist as an equilibrium mixture of “ isomeric” forms differing only in 
energy content. Such an idea, however, involves the physically repugnant notion of a 
plurality of ground states, and all that can safely be said concerning strong and weak 
bands in the same chromophore is that the extinction coefficients at the maxima represent 
the probabilities of the occurrence of the transitions concerned, rather than the proportions 
of these very hypothetical ‘‘ isomerides.” 

If the absorbing molecule contains several simple chromophores, together constituting 
one or more complex chromophores, a whole series of electronic transitions is possible. 
Thus the chromophore (C:C),) may be necessary for one absorption band due to an elec- 
tronic transition of a valency electron in a C:C group influenced by nine other conjugated 
double bands, but within that chromophore a second chromophore, say (C:C),, may give 
rise to another band, and a third, say (C:C),, to yet another. The substance may give 
rise to several absorption bands each representing the difference between two terms in the 
CC spectrum. Carotene, CyH;., for instance, with 13 conjugated double bonds, exhibits 
maxima at 280, 348, and 462 mu, each of which must be due finally to a valency electron 
in a double bond. The obvious possibilities of complexity in electronic levels are not 
necessarily realised in the spectra of such polyatomic molecules, although the selection 


principles operating are unknown. 
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In order to examine the above ideas and elucidate the effects of double bonds we have 
studied a number of hydrocarbons containing conjugated double bonds, viz., indene and 
its derivatives. 

Indene.—The results obtained by different workers on the absorption spectrum of indene 
are discordant; for instance, Stobbe and Farber (Ber., 1924, 57, 1838) and Stobbe and 
Zschoch (ibid., 1927, 60, 457) record a weak maximum at 281 my together with much 
higher absorption towards shorter wave-lengths, whereas Charlampowiczowna and March- 
lewski (Bull. Acad. Polonaise, A, 1930, 376) find a broad unresolved band in alcoholic 
solutions with 4,,,x 249-4 my and ¢,,,, 10,900, but instead of a maximum at 281 my 
their curve merely flattens out in the region 270—280 my. On the other hand, Schwartz 
(Arch. Phys. biol., 1931, 9, 131; Centr., 1932, i, 643) examined indene in hexane and ob- 
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served a maximum at 250 my with a high extinction coefficient ; maxima were also found 
at 280, 270, 262-5, 256, 250 (intense), 242, 234 (?), and 220 mu. 

We have studied solutions of indene in alcohol and in hexane; the main absorption 
is on the short-wave side of 270 my, the extinction coefficient reaching a maximum value 
of about 10,000 near 250 my (see Fig. 1). The narrow bands are weak and somewhat ill- 
defined, but the spacing of the maxima shows that the wave-number separations of ca. 
460 and 920 cm.-!, which represent vibrational frequencies appearing regularly in the 
spectra of hydrocarbons, are also characteristic of indene (see table, p. 915). 

Hydrindene.—Little information concerning the absorption spectrum of hydrindene 
can be found. The curve for a redistilled (b. p. 64°/7 mm.) Kahlbaum product dissolved 
in hexane is shown in Fig. 2. The absorption is very similar to that characteristic of a wide 
range of benzene derivatives, ¢.g., the xylenes. The mean vibrational frequency is about 
940 cm.1. A weak band at 291 my, ¢,,,,. 10, appears also, and although it may possibly 
be due to a small quantity of an impurity, it is very unlikely to be due to indene. 

Indene Derivatives.—Benzylidene- and cinnamylidene-indene were prepared according 
to Thiele’s directions (Ber., 1900, 38, 3398). The former shows three broad unresolved 
bands of high intensity, spaced some 6000 cm. apart (Fig. 3). The product obtained by 
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condensing crotonaldehyde with indene shows a very similar spectrum (maxima at 335, 
280, and 252 mu), so the new absorption owes its origin to the ethenoid linkage rather 
than the phenyl group. The effect of an additional conjugated double bond, as in cin- 
namylideneindene, is to displace the 240 and 280 my bands of benzylideneindene some 
20—30 mu in the direction of longer wave-lengths, and in addition the bands are partially 
resolved. The third band, at 245 my, is unresolved and is more intense than in indene 
itself. The three bands are all of high intensity, and the separations of 6720 and 7150 
cm.~! are of the same order. The vibrational frequency cannot be specified accurately 
but it appears to be of the order 1000 cm.*. 

Discussion.—It is interesting to compare the absorption spectrum of indene with those 
of styrene and its derivatives. Ley (Z. wiss. Phot., 1919, 18, 178; Ber., 1918, 51, 1810) 
observed for styrene two weak maxima, 291 and 282 my, with an intense maximum at 
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246 mu. «a-Methylstyrene showed an inflexion at 280—290 my, and $-methylstyrene 
gave a band at 293 my, an inflexion near 277 my, and a strong maximum at 246 mp. 
Using quantitative methods, Ramart-Lucas and Amagat (Bull. Soc. chim., 1932, 51, 965). 


Amax.» Mp 281°5 243-5 
StYTONC) 166 ese. “ 2:67 4-07 


277°7 246 
B-Methylstyrene{ i . 2-7 4-0 


record a practically constant curve for the compounds CHPh‘CH-[CH,]n°CH;, where 
n = 1—T7, whereas allylbenzene and compounds Ph-[CHg]n*CH:CHg are spectroscopically 
indistinguishable from ethylbenzene and, in fact, resemble hydrindene. 

It is thus obvious that the resolved absorption of low intensity in the region 275— 
295 mu, together with the intense unresolved band near 240—250 my, is common to indene 
and to the styrenes, so that the group CPh‘C: has its own characteristic spectrum quite 
different from that of the phenyl group. Ring closure exerts but little influence on the 
absorption beyond perhaps slightly increasing the resolution into component maxima 
near 280—290 mu. The double bond in the five-membered ring of indene therefore 
functions similarly to a true ethenoid linkage. 
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The absorption spectrum of benzylideneindene may be compared with those of stilbene 


and diphenylbutadiene : 


C).en=cuen 


294 mp; 
(Castille, 


Anax. : 323, 


Amax.: 340, 280, 238 my. 
4°45, 4°55 


loge: 4°3, 4°3, 4°2. 


4-1, 4°33, 4:1 (Ramart-Lucas 
and Amagat, /oc. cit.). 


log €: 
Bull. 
Acad. roy. Belge, 1926, 12, 498). 
Amax.: 322, 288, 222 mu; loge: 


loge: 3°13 
Radulescu and Barbulescu, 
Ber., 1931, 64, 2225). 
Amax.: 346°5, 328°4, 312°5 mp; 
loge: 4°68, 4°68, 4°6 (Castille, 
loc. cit.). 


Both stilbene and diphenylbutadiene show a very broad band of selective absorption 
extending from 250 to 350 my approx. The absence ofa well-defined band with a maximum 
at 280 my in diphenylbutadiene is not evidence of the absence of the corresponding chromo- 
phoric group, because the absorption curve is so unusually broad as to indicate that the 
observed curve is really a summation curve. In benzylideneindene the separate bands 
which are fused together in stilbene and diphenylbutadiene are quite well shown. 

Confirmation of the 280 my band is obtained from the data of Stobbe and Reuss (Ber., 
1912, 45, 3496) on «y-butadienylbenzene, which shows a single unresolved intense band at 
282 my. Radulescu (loc. cit.) records for diphenylhexatriene high absorption in the near 
ultra-violet, with sub-maxima at 372, 355, and 335 my, whilst the corresponding values 
for cinnamylideneindene are 388, 371, and 358-5 my. (see table). 

In all these compounds the act of absorption concerns an electron belonging to the 
C:C group, either in a ring or as a true ethenoid linkage. The absorption curve will naturally 
be influenced by vibrational frequencies, but the fundamental chromophore is a double 
bond. This simple chromophore forms a part of complex chromophores in which double 
bonds are conjugated. 

The following chromophores are thus possible: (1) -C:C-; (2) -C:C-C:C:; (3) C,H;; 
(4) -CPh.C-; (5) -CPh:C-C:C-; (6) Ph:(C:C),"Ph; (1) and (2) give rise to absorption on the 
short-wave side of 230 my only; (3) gives rise to absorption near 260—270 mu of log « = 
2-6; (4) to two types of absorption, one of log ¢ ca. 4 at 250 my, and another of log «ca. 2-5 at 
270—290 mu; (5) to a band of high intensity near 280 my, and (6) occasions three bands. 

Now this notion of complex chromophores would be much more valuable if it could 
be stated at which double bond the different acts of absorption occur. A notation to express 
such localisation may be suggested. In chromophore (4), there are obviously two alter- 
natives at least : 


* * 

(a) Ph-C:C-, (b) Ph°C:C:, 
but further consideration of this aspect of the problem must be deferred (see this vol., 
p. 926) pending the accumulation of further evidence from hydroaromatic hydrocarbons, 
but it is plausible to suggest that the bands at 270—290 my of indene are due to (d), since 
log « 2-5 (ca.) is shown in benzenoid compounds like toluene and tetralin. Chromophore 
(a) would correspond with the 250 my band, and the high extinction coefficient is consistent 
with this view. 


Acm.-1 
(broad bands). 


Acm,- 
1/A, cm.-!, (vibr.). 
36,550 
37,450 900 
38,460 1010 
39,370 910 
34,360 


34,300 a 

34,740 440 
35,700 960 
36,560 860 
37,040 480 
38,170 1130 
40,650 b 2480 


Amex: My. log €max.: 
273°6 3°25 
267 3°16 
260 3°00 
inflexn. 254 2°75 
291? 1-00 
291-5 2-21 
287°8 2-73 
280°1 2°90 
273°5 2°94 
270-0 3°23 
inflexn. 262 3°85 
246 4:00 


Hydrindene 


Indene (in hexane) 
6350 (b—a) 
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Acm.-! Acm.~1 
Amex.» My. log €max.: 1/A, cm.-. (vibr.). (broad bands). 


Indene (in alcohol) 290°8 2°37 34,390 a 
286°5 2-50 34,910 520 5770 (b—a) 
279°5 2°65 35,770 860 
249-0 4°06 40,160 b 4390 


Benzylideneindene in hexane 340°0 4°34 29,410 a 6300 (b—a) 
280-0 4:33 35,710 b 6310 (c—d) 
238°0 4:22 42,020 c 


Cinnamylideneindene 388-0 4°66 25,770 
371-0 4:77 26,950 
358°5 4°72 a 27,890 
308°5 4°26 32,420 6590 (b—a) 
297-0 4:30 33,670 
290-0 4°24 b 34,480 6340 (c—b) 
245-0 4:26 c 40,820 


SUMMARY. 


(1) The absorption spectra in alcohol and hexane of hydrindene, indene, benzylidene- 
indene, and cinnamylideneindene were investigated. 

(2) The extinction curve of hydrindene is of benzenoid type [similar to xylenes, allyl- 
benzene and compounds C,H,*(CH,)a*CH°CHg, etc.]. The chromophore is therefore 
located in the benzene ring and is only slightly influenced by the five-membered ring. 

(3) The absorption spectrum of indene is very similar to that of styrene and alkyl 
derivatives, CHPh:CH-[CHg],"CH,. The absorption is due to the complex chromophore 
CPh:C, some evidence being obtained concerning the mechanism of absorption. It is 
assumed that the band over the region 292—262 mu is produced by an absorbing electron 
of the benzene ring under the influence of the conjugated ethylenic linkage; the unresolved, 
intense 249 my band is due to an absorbing electron from the ethylenic linkage influenced 
by the benzene ring. 

(4) The vibrational frequencies 460 cm.“! and 920 cm. appear in the spectrum of indene, 
the 940 cm. in hydrindene. 

(5) Three regions of absorption are exhibited by benzylideneindene, cinnamylidene- 
indene, and crotonylideneindene, separated by 6000—7000 cm.. The separations of 
these regions are of the same order as those of certain highly unsaturated compounds 
(e.g., carotene, lycopene, etc.). 

(6) Correspondence between different regions of absorption and different chromophores 
is inferred. 


We are indebted to the Junta de Educag&éo Nacional (Portugal) for providing facilities for 
one of us (A. J. A. de G.) to participate in this work. 
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195. Chromophoric Groups. Part II. Absorption Spectra of 
Naphthalene, Hydronaphthalenes, and Related Compounds. 


By R. A. Morton and A. J. A. DE GOUVEIA. 


Naphthalene.—Early work on naphthalene (cf. Baly and Tuck, J., 1908, 93, 1902) was 
hampered by the lack of a source of light showing a continuous spectrum and by the semi- 
quantitative methods then in use for determining intensities of absorption. It is therefore 
not surprising that only three maxima were observed, viz., at 320, 311, and 270 mp. Henri 
and Steiner (Compt. rend., 1922, 175, 421) obtained a very much better resolution with a 
solution in hexane, and found a large number of narrow bands resembling those observed 
in naphthalene vapour; de Laszlo (Z. physikal. Chem., 1925, 118, 369) confirmed and 
extended this work. Kimura (Mem. Coll. Sci. Kyoto, 1931, 14, 303) examined alcoholic 
solutions of naphthalene, but his results are not in agreement with earlier work, particularly 
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with respect to extinction coefficients. It is difficult to determine these with high accuracy 
at the actual maximum of the narrow bands, but we found no difficulty (see Table II) in 
obtaining substantially the same results as Henri and Steiner and de Laszlo. Kimura 
obtained good resolution and the wave-lengths of maxima agree fairly closely with other 
data, but his extinction coefficients appear throughout to be at least 10 times too high 
and the persistence of individual bands is greatly exaggerated. His data on the hydro- 
naphthalenes, which are the only quantitative results we have been able to trace, exhibit 
similar defects. 

Al-Dihydronaphihalene—Kimura examined this compound, prepared from ac-tetra- 
hydro-8-naphthol by dehydration with potassium hydroxide and purified by distillation 
(b. p. 206—207°) over sodium. Five maxima were obtained : 


277: 
4: 


312°5 297°3 
1°33 3°9 


5 
9 


In the present work three specimens have been examined: (1) a redistilled purchased 
product (m. p. — 12°, b. p. 209—210°) which was shown to be free from A*-dihydronaphth- 
alene by the fact that its mercuric acetate derivative was entirely insoluble in benzene; 
(2) a second purchased product which was repeatedly fractionated under reduced pressure 
(b. p. 81—83°/6—7 mm., m. p. — 12°); (3) a product obtained by heating A*-dihydro- 
naphthalene (m. p. 25-5°) with 5% sodium ethoxide in a sealed tube at 140—150° for 
8 hours (cf. Strauss and Lemmel, Ber., 1913, 46, 236) (b. p. 883—84°/5 mm., m. p. — 4°). 

The absorption exhibits a well-defined maximum at 262 my (log « 4-01) which in hexane 
solution represents the peak of a broad unresolved band. The curve (Fig. 1) shows a feeble 
inflexion near 273 my and there is also a narrow band between 290 and 300 my (Aj,,x. 
296 mu, log « 2-68). A very weak band, at 311-5 mu, may have been due to the presence 
of a trace of impurity, since its intensity varied in the three samples and was almost neglig- 
ible in the best. Kimura’s intensities of absorption are again too high, but by applying 
a correction similar to that required for naphthalene, log ¢ at 277-5 my is reduced to about 
4, which, however, is still higher than our own data. Examination of his extinction 
coefficients at the two maxima 322-0 and 317-0 shows that his material was probably 
contaminated with 0-5% of naphthalene. In fact, had his preparation consisted of 99-5% 
of A!-dihydronaphthalene, he should have been able to record the 262 my band. The 
appearance of an unresolved band with its maximum at 277-5 my indicates that super- 
imposed on the absorption of A!-dihydronaphthalene is that of naphthalene present in 
appreciable amount and displacing the observed maximum. 

A?-Dihydronaphthalene—There appears in the earlier literature to have been some 
confusion between A!- and A*-dihydronaphthalene. Baly and Tuck (loc. cit.) examined 
a dihydro-derivative and found qualitatively the same bands as in naphthalene, the in- 
tensities being about one-tenth of those recorded for the parent substance except at 270 my, 
It is evident, from our present knowledge, that appreciable quantities of naphthalene 
must have been present. 

We prepared A*-dihydronaphthalene as follows: Naphthalene was reduced by means 
of sodium and ethyl alcohol (Bamberger and Lodter, Annalen, 1895, 288, 75), and the 
resulting dihydronaphthalene was steam distilled (m. p. 15°, b. p. 212°) and treated with 
mercuric acetate (Strauss and Lemmel, /oc. cit.) ; the addition compound was recrystallised 
and freed from Al-dihydronaphthalene by extraction with benzene (Soxhlet), the A?- 
dihydro-addition compound alone being soluble. The purified material (m. p, 120°) was 
treated with 30% hydrochloric acid, and the regenerated A?-dihydronaphthalene (m, p. 
25—26°) was redistilled, forming perfectly colourless crystals, m. p. 25-5° (Strauss and 
Lemmel give m. p. 24-5—25°). 

The absorption curve (Table I; Fig. 2) of this material in hexane consisted of a series 
of narrow bands of very low extinction coefficient (1-6—10) between 331 and 297 my, 
with ill-defined bands near 293, 287, and 262 my and well-defined bands at 274 and 267 mu 
(Emax. = 850 and 800 respectively). The complete absence of naphthalene from this 
material is difficult to guarantee, although it satisfies the usual criteria of purity. 





Morton and de Gouveia: 


TABLE I. 
A*-Dihydronaphthalene. 


Amaz.» mp. €max.- log €max.: cm.-!, Amin.» my. €min 
331 inflexion 0°176 30,210 325 
328°5 _— persistent 0°423 30,440 323 
324°5 very small 0-217 30,810 318 
320°7 = small 0°322 31,180 309 
315 inflexion 0°455 31,750 305 
311 persistent 0-756 32,150 302°5 
306°5 very small 0°623 32,630 299°5 
303°7 very small 0-623 32,930 295°5 
301 small 0°756 33,220 282°5 
297 sharp 0-883 33,670 271°4 
293 inflexion ; ‘ 34,130 239 
287 not sharp 2: 34,840 
274 very persistent ‘ 36,500 - 

267 persistent 2°¢ 37,450 } A = 950 
262 inflexion . 38,170 } A = 720 
1670 


— fd feet 
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oro 
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A-cm.- Values. 

o —>™m 1670 e—a 
m—>l 1660 i —>e 
1 — >i 1620 g—d 
f — ob 1710 k —>g 
h —>d 1750 ij—/ 


Means 1690 1500 
Raman frequencies (Bonino). 
A*-Dihydronaphthalene 3041, 2873, 2825, 1663, 1592, 1433, 1287, 1163, 1047, 739, 499, 468, 244. 
Naphthalene 3046, 1573, 1412, 1377, 1245, 1142, 1023, 936, 610, 505. 
Tetralin 3049, 2922, 2862, 1602, 1583, 1456, 1433, 1374, 1283, 1204, 1160, 1038, 938, 
848, 815, 815, 759, 724, 585, 567, 432. 
Decalin 2922, 2856, 1448, 1360, 1260, 1165, 1046, 1017, 990, 851, 804, 753, 593, 
554, 490, 402. 
Benzene 3185, 3162, 3060, 2947, 2784, 1584, 1506, 1178, 991, 849, 605. 
3047, 2928, 2617, 
2597, 
2460. 


Indene* 3053, 2913, 1607, 1546, 1453, 1355, 1288, 1204, 1057, 1015, 938, 829, 726, 591, 533, 407. 
* Data by T. C. Calloway. 


The group of bands at 274, 267, and 262 my agrees with a benzenoid substance con- 
taining an additional ethenoid linkage not conjugated to the benzene ring. Such a double 
bond would not be expected to affect the absorption appreciably, and A?-dihydronaphth- 
alene and 1:2:3:4-tetrahydronaphthalene should on this basis be practically indis- 
tinguishable as regards ultra-violet absorption. How then are the narrow bands of low 
intensity to be accounted for? The following possibilities must be considered: that the 
bands are due (a) to naphthalene; (b) to a small quantity of an addition compound between 
naphthalene and A*-dihydronaphthalene (Bamberger and Lodter, Joc. ctt., described a 
compound, m. p. 43—44°, which may be of this type); (c) to a hydronaphthalene of un- 
known structure with two double bonds in each ring. 

Suggestion (a) suffers from the disadvantages that the 331 my inflexion and the 328-5 
and 324-5 my bands are not shown by pure naphthalene, neither do the relative intensities 
of the different bands correspond with those of naphthalene. To test (6), we may tem- 
porarily ignore the first four or five bands and consider the following : 
A?-Dihydronaphthalene : 


3°7 301 297 293 287 
4:2 5°7 7°65 30 100 


306°5 30 
4-2 


Naphthalene : 
Amax., Mp : 306°8 304°5 302 297°5 293 287 
€max. 257 257 345 400 450 6900 
Proceeding on the assumption that the above good agreement in wave-lengths of maxima 
indicates contamination with naphthalene, the percentage of impurity may be calculated 
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as 1-65, 1-63, 1-63, 1-65, 1-91, 1-46%. Thus the possibility of the presence of 1-6% of 
naphthalene cannot be ruled out in spite of the very careful purification, since the A?- 
dihydronaphthalene may be less stable than has been hitherto assumed. Now the extinc- 
tion coefficient of pure naphthalene corresponds with ¢ = 110 for 1-6°%, whilst the observed 
¢ value for our A?-dihydronaphthalene at 274 my is 850. The intensity of absorption of 
the dihydro-derivative is therefore high enough largely to mask the effect of 16% of 
naphthalene. Hence, there is reasonable evidence for regarding the bands e—/ as possibly 
due to contamination with naphthalene. This hypothesis does not, however, account 
for bands a—4d, and the possibility of an addition compound (see p. 918) now merits further 


consideration. 
Fic. 1. Fic. 2. Fic. 3. 


A!-Dihydronaphthalene (in hexane). A*®-Dihydronaphthalene (in hexane). _Tetralin (in hexane). 


4 \ 


vA 

















a 








Ra 


| Mr 
"he \ 


200 250 300 325 225 250 300. 350 225 250 300 325 
Wave-length, Mm. 


A sample of A*-dihydronaphthalene containing unchanged naphthalene and of m. p. 
40—50° was therefore prepared and examined, and the bands a—d were found to be entirely 
lacking. This material, from its absorption spectrum, seems to be a 1 : 1 molecular com- 
pound, and there is no trace of the 328 my band. It seems therefore that this band must 
be due to a new substance, probably an isomeric dihydronaphthalene, e.g., 

H H H, H, 2 
VAAN ON 4 WY 
es tee ee et as opposed to || | || 
A ENF WS VS; Pug 

2 2 


It must, however, be emphasised that the absorption spectrum of our product is entirely 
consistent with A?-dihydronaphthalene as the principal absorbing coustituent. 
Tetrahydronaphtialene.—Kimura (loc. cit.) purified commercial tetralin by distillation 
(b. p. 204—206°) over sodium, and obtained an absorption curve very like that of naphth- 
alene. Similar treatment of purchased tetralin gave, in our hands, a product showing 
almost exactly the same bands as those obtained by Kimura, except that the extinction 
coefficients were throughout about one-tenth of those recorded by him, but the data agree 
very well with a product containing 10% of naphthalene. As one of the possible impurities 
of tetralin is dihydronaphthalene, 50 c.c. of tetralin dissolved in ether were treated with a 
saturated aqueous solution of mercuric acetate and the mixture shaken during 24 hours. 
Only a small yellow precipitate was obtained, so the tetralin must have been practically 
free from dihydronaphthalene. After this treatment the absorption spectrum of the 
tetralin showed no improvement. Attempts to remove naphthalene as picrate fail when 
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the tetralin contains less than 10% of naphthalene. Accordingly, the barium salt of 
tetralinsulphonic acid was prepared (Willstatter and Seitz, Ber., 1923, 56, 1392) and con- 
verted into the sodium salt; this was recrystallised, and the tetralin regenerated by adding 
66°, sulphuric acid and fractionally distilling with steam superheated to 160—180°. In 
the purest fraction, the most intense bands were at 274 and 267 my, log « 2-91 and 2-87 
respectively (see Fig. 3). The material was not, however, pure, for bands in the region 
280—320 my were present at intensities indicating some 2° of naphthalene. Several 
hundred grams of barium tetralinsulphonate were then prepared and fractionally crystal- 
lised, the progress of the purification being controlled spectrographically. In order to 
facilitate control, the corresponding barium salts of naphthalene- and benzene-sulphonic 
acids were prepared and their spectra measured (see Fig. 4) : 


max.» Mp 317 3125 306-7 303-2 280 
— 650 820 1,200 1,600 6,000 

Mp eeeeeeese 2693 2651 262°7 258-4 256-4 2521 
scnbaabasdicuonns ae 340 620 430 450 310 


Barium naphthalenesulphonate i 
L 


Barium benzenesulphonate recy 
€max. 


The characteristic bands of the naphthalenesulphonate were observed in the impure 
tetralinsulphonate, but after many recrystallisations from water, a product entirely free 
from them was finally obtained: 4,,,, 277-8, — 
50 271-1, 265 mu; ¢,,9x., 840, 840, 700, respectively. 
td This result agrees well with the data of Hantszch 

on tetralin-2-sulphonic acid in various solvents, 

bands at 277—278 and 269—271 mu, log « ca. 3, 
being recorded (Ber., 1927, 60, 1933). The 
purified barium salt was converted into the 
sodium salt, which was recrystallised and found 
to be free from selective absorption in the 
region 290—320 mu. Tetralin was regenerated 
as before and redistilled under reduced pressure. 


A\\ The final product exhibited two sharp maxima 


Fic. 4. 











at 274 and 267 my with an inflexion at 261 mu, 
e = ca. 760, 740, and 600 respectively. 

In the course of the recrystallisation of the 
barium salt a rather elusive “‘ impurity ’’ was 
encountered. Three sharp, equally intense 
bands were repeatedly observed at 321-5, 313-5, 
and 306-7 my and were unmistakably different 
from those of barium naphthalenesulphonate. 
\ Unfortunately, the material could not be 


\ isolated, as on recrystallisation of fractions 
I 











exhibiting the bands, the selective absorption 
disappeared from both the mother-liquor and 
00 I the crystals. It is possible that isomeric tetra- 
200 250 300 350 hydronaphthalene may exist in equilibrium. 
Wave-length, mu. The proportion of this anomalous material is, 
I. Barium benzenesulphonate (water). however, small, and it is clear that the principal 
ey oe oe aphibeimaconthe oe ie ter), Constituent of commercial tetralin is a substance 
’ ; ' devoid of the 290—320 mu narrow bands present 

in naphthalene. Its absorption is, in fact, reasonably close to that of the xylenes. 
Baly and Tuck (loc. cit.) found only one maximum (ca. 256 my) in the absorption 
spectrum of 1:2:3:4-tetrahydronaphthalene, the intensity being apparently just as 
great as that of naphthalene at 272 muy, viz., log ¢ ca.4. It is difficult to under- 
Y } stand this observation since the authors examined the so-called «-tetrahydro- 
naphthalene (see inset) made by the action of phosphorus and iodine on 
naphthalene. Their curve for this material agrees closely with our data on 

1: 2:3: 4-tetrahydronaphthalene, contaminated with a little naphthalene. 
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Tetrahydronaphihols—Komatsu, Masumoto, and Kumamoto (Mem. Coll. Sci. Kyoto, 
1924, 7, 287) examined ar-tetrahydro-a- and -6-naphthols. The former shows two maxima 
at 281 and 269 mp, and the latter at 286 and 267 my, the extinction coefficients being 
apparently of the order 1,000—2,000. This may be compared with the more recent data 
of Conrad-Billroth (Z. physikal. Chem., 1933, 20, 222) on o-3- and m-4-xylenol : 
o-3-Xylenol : Amax.» My. €max.: m-4-Xylenol : Anan.» Mss. Sune 

279°0 1690 280°9 1850 
273°5 1530 274°0 1670 
270°3 1430 284°5 


We examined ac-tetrahydro-8-naphthol, with the following results : 
266-5 
3°14 
The material (b. p. 135°/5 mm.) also showed very feeble inflexions at 296, 315, and 325 mu, 
due almost certainly to a trace of impurity (Fig. 7). 

Hexahydronaphthalenes and Related Compounds.—Contrary to expectation, certain 
polycyclic substances containing only two double bonds within the ring system exhibit 
marked and characteristic selective absorption. Hence, it becomes specially important 
to establish the spectra of various isomeric hexahydronaphthalenes or related substances, 
in order to find the conditions under which two double bonds can constitute a chromophore. 

The spectrographic study is difficult because the necessary degree of purity is neither 
easily achieved nor maintained. Hence the study of the absorption spectra of this group 
was commenced with two terpenes, cadinene and isocadinene, both being hexahydro- 
derivatives of cadalene. The presence in the molecules of the methyl and isopropyl 
groups will not appreciably affect the absorption of the hexahydronaphthalene nucleus, 
as may be concluded from the study of the alkyl derivatives of naphthalene. These groups 
may in fact to a certain extent protect the hexahydro-derivatives from oxidation. 

Cadinene.—The dehydrogenation of cadinene to cadalene reveals the carbon skeleton 
(I), and on the basis of the failure of all attempts to reduce cadinene with sodium and 


Me Me Me 


SS YSQYZ 
HMe, HMe, . H 4 
(I.) (II.) (IIT.) 


amyl alcohol, the ozonolysis of this compound into an acid with 15 carbon atoms, and other 
data (Semmler and Stenzel, Ber., 1914, 47, 2555), Ruzicka considers that cadinene is 
either (II) or (III) or possibly a mixture of both. 

Cadinene was prepared from cubeb oil (see Ruzicka and Meyer, Helv. Chim. Acta, 
1921, 4, 505), and also from cade oil. The oils were fractionated under reduced pressure 
and the fraction of b. p. 125—138°/12 mm. was dissolved in ether and saturated at 0° 
with dry hydrogen chloride. The cadinene dihydrochloride crystallised in needles and was 
recrystallised from ethyl acetate (m. p. 117—118°); it was then refluxed with alcoholic 
sodium hydroxide, the alcohol distilled off, and the regenerated cadinene distilled under 
reduced pressure (b. p. 138°/12 mm.). This material dissolved in hexane exhibits selective 
absorption with the following maxima : 


Amax.» My. Ceae s 1/A,em. Acm.-, Mean Acm.-', 


323°5 54 30,910 1610 

307°5 80 32,520 1730 1663 
292-0 115 34,250 1650 

278°5 133 35,900 

246 480 


A second preparation from a larger quantity of hydrochloride which was repeatedly re- 
crystallised showed 4,,,,,, 323-5, 307-5, 246 my, with e 5-5, 8-5, and 480 respectively. 
The narrow bands shown in the first specimen are thus reduced to one-tenth of their original 


Me 
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intensity, although the 246 my band persists unchanged. Only the last therefore relates 
to cadinene itself. The narrow bands must be due to a substance yielding a crystalline 
hydrochloride and separable only with great difficulty from cadinene dihydrochloride ; 
alternatively, a certain amount of cadinene is oxidised during the regeneration and redis- 
tillation. Successive redistillations of cadinene have shown an increase in intensity for the 
narrow bands over the region 323—308°5 mu. In order to ascertain whether the narrow 
bands over the region 323-5—278-5 my. belong to the absorption spectrum of cadinene or 
whether they are due to a more highly unsaturated impurity, the alcoholic solution of 
cadinene was treated with metallic sodium. (No change in the molecule of cadinene is 
to be expected, for the double bonds are not conjugated.) The hydrocarbon was pre- 
cipitated by dilution with water and dried in a desiccator over calcium chloride. Its 
spectrum then showed only a very shallow band over the region 245—250 my, the intensity 
being the same as that shown by the previous samples; all the narrow bands had disap- 
peared and were therefore due to an impurity which probably possessed two or more 
conjugated double bonds. The definitive extinction curve is given in Fig. 5. 


Fic. 5. Fic. 6. Fic. 7. 
Cadinene (in hexane). isoCadinene (in alcohol). ac-Tetrahydro-B-naphthol (in hexane). 
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isoCadinene. Cadinene is isomerised when treated with acetic acid at 230—235° under 

pressure or with formic acid at 100° and transformed into zsocadinene (Henderson and 

Robertson, J., 1924, 125, 1992; Robertson, Kerr, and Henderson, J., 1925, 127, 1946). 

isoCadinene, although a hexahydrocadalene, differs from cadinene in that it does not yield 

a crystalline hydrochloride; Robertson and Henderson suggest that it is possibly repre- 

sented by (IV), but no direct proof of this is available. In the present work isocadinene 

was prepared according to the directions of Henderson and Robertson 

(loc. cit.), and purified by distillation under diminished pressure (b. p. 102— 

105°/4 mm.); its absorption curve showed the following maxima: A,,,,., 

» 322, 315, 279-5, 262-5 mu; «,,,, 14, 14, 443, 569, respectively. An alcoholic 

solution of isocadinene was subjected to mild reduction with metallic sodium, 

and the absorption of the isolated material exhibited maxima only at 279-5 

and 262°5 mu; ena, 440 and 580 (Fig. 6). The intensities of these bands 

are practically unaltered, showing that only the material (impurity) responsible for the 
narrow bands 1 322 and 315 my had been hydrogenated. 

1:2:3:4:9: 10-Hexahydronaphthalene—This was prepared by treating dibromo- 

naphthane, from decahydro-f-naphthol via 1: 2:3: 4:5:8:9: 10-octahydronaphthalene, 

with quinoline at 200° (Leroux, Compt. rend., 1910, 151, 384). 50 G. of decahydro-8- 

naphthol were mixed with 100 g. of recently fused and pulverised potassium hydrogen 

sulphate in a 250-c.c. Pyrex Claisen flask, and heated in an oil-bath, the temperature being 
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increased slowly to 200—220°. Octahydronaphthalene distilled with a little water. It 
was dissolved in ether, shaken with aqueous potash, washed with water, dried (sodium 
sulphate), redistilled (b. p. 183—184°), and then fractionally redistilled under reduced 
pressure, the fraction distilling at 71°/7 mm., 43-5°/0-5—1 mm., being collected. A 
chloroform solution of octahydronaphthalene (23 g. in 150 c.c.) was cooled to — 20° and a 
20% solution of bromine in chloroform was added drop by drop in slight excess. The mix- 
ture was shaken with a dilute aqueous solution of sulphurous acid, then with water, dried 
(sodium sulphate), and the chloroform distilled off. After cooling, a crystalline residue 
was obtained, and dissolved in hot alcohol. Colourless needles and an oily liquid separated. 
The needles were recrystallised from alcohol (m. p. 83°) and found to correspond with the 
material described by Leroux (Ann. Chim. Phys., 1910, 21, 473) as cis-2 : 3-dibromo- 
naphthane. The oil was cooled with solid carbon dioxide-ether; colourless crystals 
separated and were recrystallised from alcohol (m. p. 41°). According to Leroux (loc. cit.), 
this is a mixture of cis- and ¢rans-2 : 3-dibromonaphthane. 

16 G. of the cis-isomeride were heated with 25 g. of quinoline in a sealed tube at 200° 
during 20 hours. The residue was extracted with ether, shaken with diluted sulphuric 
acid and water, dried (sodium sulphate), the ether removed, and the hydrocarbon redistilled, 
the fraction boiling at 65°/12 mm. being collected. 

This material exhibits the following maxima : 

319°4 314°5 311°5 309°5 305° 296°5 288-0 
0°53 0:26 0°66 0°71 ; 1-06 1°91 
284-0 274:0 267°2 261°0 
2-00 2°38 2°30 2°18 
These are undoubtedly due to naphthalene (ca. 1-3%, calculated from the intensity of the 
311-5 mu band) and tetralin (ca. 31%, from the 274 my band). The hexahydronaphth- 
alene had therefore undergone considerable oxidation-reduction, yielding tetralin, 
naphthalene, and probably decalin. If we assume that the absorption of the hexahydro- 
naphthalene does not appreciably obscure that of tetralin, the data show that the mixture 
must contain roughly 1% of naphthalene, 30% of tetralin, and perhaps 20% of decalin. 
The proportion of hexahydronaphthalene will therefore be unlikely to exceed 50%. By 
heating the dibromonaphthane at 200° in an atmosphere of nitrogen for 14 hours with an 
equivalent of quinoline, a somewhat better product was obtained. This showed 
319°4 311-0 296 274:0 267°0 238-0 
0°30 0°44 0°48 2°69 2°64 3°42 
It was by no means free from tetralin and naphthalene, but the percentage of these con- 
stituents appeared to be lower than in the first preparation because the 319-4, 311-0, 274-0, 
and 267-0 mu bands were less persistent. 

No definite conclusions can be drawn concerning the spectrum of the hexahydronaphth- 
alene, but it would appear that its absorption is not selective over the region 290—245 mu 
but probably has a broad band at 245—230 my (max. 238-0 my). This band is not due to 
tetralin or naphthalene, for the former does not show any maximum over this region and 
naphthalene exhibits a sharp resolved band with sub-maxima at 221-0 and 217-5 mu. 
The high degree of transparency except in the extreme ultra-violet thus inferred for the 
hexahydronaphthalene is not surprising, for isoprene and dimethylbutadiene show bands 
at 219-6 mu (log <« 4-26) and 224 my (log ¢ 4-33) respectively (Scheibe and Pummerer, Ber., 
1927, 60, 2163). 

Octahydronaphthalene.—Kimura studied cis-octahydronaphthalene, obtained by de- 
hydration of cis-decahydro-$-naphthol with sulphuric acid, followed by distillation of the 
product over sodium. In so far as it is possible to foretell the absorption spectrum of 
octahydronaphthalene, it may be expected to be very transparent and free from narrow 
bands. As has been shown (p. 917), Kimura’s treatment of the ac-tetrahydro-$-naphthol 
yielded a product containing naphthalene. The octahydronaphthalene seems likewise 
to have been impure. His data are: 

255° 
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but, reducing his extinction coefficients to one-tenth (see p. 917), we may compare the first 
two bands with our own data for tetralin : 


Amax, 274, 267 mp; emax. 760, 740. 


The presence of 5°% of tetralin in Kimura’s octahydronaphthalene may be inferred. The 
bands at 255 and 246-3 my in Kimura’s curve are, however, very well defined and must 
correspond with a product not so far recognised. It is hoped to study this point further. 

We prepared 1:2:3:4:5:8:9:10-octahydronaphthalene by dehydration of deca- 
hydro-$-naphthol with potassium hydrogen sulphate, and fractionated it (b. p. 43-5°/0-5—1 
mm.). Although difficult to obtain free from tetralin (274 and 267-3 my maxima), it was 
finally very transparent and free from selective absorption. No evidence was obtained of 
the 255 and 246-3 my maxima recorded by Kimura. 

Decahydronaphthalene.—Kimura (loc. cit.) examined decalin (b. p. 190—192°) prepared 
by catalytic reduction of tetralin; it showed a band of very low intensity at 4,,,,, 278 mu, 
Emax, 0°5. De Laszlo (Proc. Roy. Soc., 1926, 111, A, 355) records that decalin is devoid 
of selective absorption. ‘ 

In our experience the complete hydrogenation of naphthalene derivatives is very difficult. 
The purification of commercial decalin was therefore attempted by following the directions 
of Leroux (Ann. Chim. Phys., 1910, 21, 468), but the product contained a trace of naphth- 
alene and much more tetralin. Reduction of this material with palladous chloride 
(Skita, Ber., 1915, 48, 1486) effected improvement but the product still contained tetralin. 
Two further reductions with platinum oxide and hydrogen (Adams, J. Amer. Chem. Soc., 
1922, 44, 1397) finally resulted in a liquid which in 5-mm. layers gave no detectable absorp- 
tion in the region 210—800 mz. 

It is interesting to note the progress of purification as reflected in the absorption spectra. 
Naphthalene fairly readily disappeared and tetralin much less readily; at no stage in the 
purification were any bands other than those of naphthalene and tetralin recorded. 

Decahydro-8-naphthol.—The purchased material showed the characteristic bands of 


tetrahydro-$-naphthol, but after recrystallisation from hexane, it became completely 
transparent down to 210 mu. 


DISCUSSION. 


Substitution of alkyl groups in naphthalene effects only relatively slight changes in 
the absorption curve. The first band of naphthalene occurs at 320-5 my, log « 1-3, and in 
the dialkyl products the wave-length displacement to 321-8 + 1 my is slight, but the ex- 
tinction coefficient increases on the average more than 10 times. In the tri-substituted 
products the first maximum occurs at 324-6 + 1-4 my and the displacement is still small, 
but the intensity of absorption continues to increase rapidly. Both in naphthalene and 
in each of the substitution products there is a striking increase in the intensity of absorption 
for wave-lengths shorter than about 285—290 muy, the average value in this second part of 
the spectrum being log « 3-5—4. The parent substance and its derivatives do not differ 
greatly in this portion of the spectrum. The degree of resolution in the middle ultra-violet 
differs from derivative to derivative but there is no obvious regularity. At the same 
time the Acm. values do not show a high degree of constancy. In naphthalene, two 
clear maxima occur at 221 and 217-5my, loge = 5. This type of selective absorption 
appears in all the di- and tri-substitution products, the wave-lengths being displaced by 
not more than some 10 my (Figs. 8—14). 

From these results it may be concluded that the naphthalene skeleton gives rise to 
three separate regions of absorption : 


a. b. C. 
295—325 muy. 250—290 muy. ca, 220 mu. 
Low e values. Moderately high e values. High e values. 

Fine resolution. Moderate resolution. Moderate resolution. 
Acm.- 1000. Acm,-! 1000. Acm.-! ca. 1200. 


With substitution, (c) persists but the demarcation between (a) and (bd) is less pronounced. 
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Fic. 8. 


Cadalene (1 : 6-Dimethyl-4-isopropylnaphthalene) Fic. 9. 
(tn hexane). 1-Methyl-5-ethylnaphthalene (in hexane). 
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The naphthalene skeleton must therefore be regarded as an absorbing entity quite 
distinct from benzene, but in view of the three separate regions of absorption which are 
capable of some degree of independent variation, there is no justification for regarding the 
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skeleton as representing one single complex chromophore. Indeed, it is plausible to 
postulate that the observed curve is a summation of three separate curves each correspond- 


Fic. 12. Fic. 13. 
1 : 3: 5-Tvimethylnaphthalene (in hexane). 1 : 3: 8-Tvimethylnaphthalene (in hexane). 
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ing with a complex chromophore. Thus, the (c) region is closely analogous to the bands 
of ethylene slightly displaced, as in butadiene, and the site of the act of absorption is an 
electron in the ethylenic linkage, so that the 
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Fic. 14. 
2: 3: 5-Trimethylnaphthalene (in hexane). chromophore may be written as C = C-C a : 
Region (b) is distinctly analogous to the 
5: “ narrow bands at 280—290 mu, log « 2-6—2:8, 
shown in indene and the styrenes, and due 








* 
probably to the chromophore CgH;—C = C. 

The data for quinoline and isoquinoline are 
interesting in this connexion. From Table II 
it will be seen that absorption begins at 310— 
320 my. as in naphthalene, and that the locations 
of maxima agree strikingly except that the log « 
values are 3-5—3-8 for quinoline and iso- 
quinoline as against 1-3—3-6 for naphthalene. 
Regions (a), (b), and (c) are all shown, but the 
redistribution of relative intensities lends strong 
support to the idea of three separate mechan- 
isms. In respect of complex chromophores con- 
taining conjugated double bonds, the analogy 
between the quinolines and naphthalene is 
obvious, and the underlying resemblance in 
}: absorption is not surprising. 

200 250 300 350 Al-Dihydronaphthalene may be compared 
Wave-length, mu. with the styrenes and with indene. It is 

evident that region (a) in the naphthalene 

spectrum has been eliminated, but that region (b) is represented in an incipient form by 
the bands at 293 and 273 my. Apart from the as yet unexplained displacement of the 
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TABLE II. 


Absorption maxima of naphthalene derivatives in hexane solution. 


Unsub- 2 : 6-Di- 2: 7-Di- 1-Methyl- 1-Methyl- 
stituted. 1-Methy]l. 2-Methyl. methyl. methyl. 5-ethyl. 6-ethy]. 
A. loge. A. log e. A. log «. A. loge. A. log e. A. log e. A. log e. 

3205 1:3 3222 162 3258 165 3228 3:16 3215 232 3212 2°46 3220 3°15 

3187 2°13 3190 2°54 3162 2°73 3175 2°43 3170 2°70 

3140 2°39 3140 2°31 55 3149 2°93 
3108 2°43 3100 2°93 3124 2°41 3120 2°86 

2°4 3072 263 3050 3:3 3070 3°24 

3040 2°56 3031 2°64 3031 2°65 
3028 2°6 
2990 "e 


3148 
3110 
3068 
3045 
3020 
2998 
2975 


em Cr 


3070 


Am me HS 
_~ 


2988 3°83 


to toto to toe 


2978 2°56 2963 2°94 
5 2940 2°68 
‘56 2870 3°48 2870 
7 Broad 
2751 3°73 Broad 2750 3:60 2760 

2725 3°68 Un- 
2705 3°69 Un- resolved 

2660 3°68 resolved 2675 

2585 . 

2205 4 2208 4:98 2284 z 2280 5:04 
2220 , 2230 4°94 


2 
2932 3 
2890 3 
2810 3 


2865 
2835 
2755 
2722 


SSen ° 


2655 
2565 
2210 
2175 


Hee weoseses 
es wd x 
woo 


1 : 6-Dimethyl- 
1-Methyl- 1:3:5-Tri- 1:3:8-Tri- 2:3:5-Tri- 4-isopropyl iso- 
7-ethyl. methyl. methyl. methyl. (Cadalene). Quinoline. Quinoline. 
x tee -& log e. A. log e. A. log «. A. log «. A. log «. A. log e. 
3215 2°93 3244 2°88 3258 3:18 3232 2-48 3253 3:3 
3172 2°54 3192 2°83 3201 2°91 3186 2°70 3174 2-99 3175 = 33°55 
3150 2°62 3158 2-96 3125 3°42 
3100 «2:99 3110 3:10 3130 2-71 3102 36 , 3092 3°37 
3070 89297 3060 315 3078 2°88 3060 . 
3000 : 3046 = =3°30 
2992 3°78 ; 2985 3°50 


2951 3°84 2980 . 

2918 3°77 2905 396 2950 ‘70 «2960 3°76 2954 3: : 2900 3°38 
2889 3°97 ‘ 

2818 3:90 2870 3:90 2850 3:83 2838 3°89 2840 3: 2843 = 338 
2772) «93°86 =—.2775 ; 2798 ‘ 6 

2740 3°86 2736 3°86 2750 P 

2648 3°73 2620 
2287 #501 2313 5:30 2315 5:12 2298 5:06 2320 96 2272 
2250 500 2261 5:16 2250 505 2253 5°06 2280 . 2155 


Note. Figures in italics represent inflexions. 


245—250 my band of indene and the styrenes to 260 my, the selective absorption of 
Al-dihydronaphthalene is in good agreement with the -CPh‘:C- group as the chromophore. 

A*-Dihydronaphthalene, on the other hand, gives an absorption spectrum almost 
exactly agreeing with that of 1 : 2: 3 : 4-tetrahydronaphthalene, and provides confirmation 
of Ramart-Lucas and Amagat’s contention (Bull. Soc. chim., 1932, 51, 965) that a double 
bond not conjugated to the benzene ring has no influence whatever on the benzenoid 
absorption; ¢.g., Ph*CH,-CH:CH, and Ph:[CH,]n.°CH°CH, agree with ethylbenzene. The 
results for pure tetralin at once fall into line. The type of absorption associated with the 
benzenoid chromophore is thus very constant, and the statement that three maxima, ca, 
274, 267, 260 my, log « 2-5—3-2, describe its properties is fully verified. 

Further confirmation is provided by Clar’s data (Ber., 1932, 65, B, 503, etc.) on the 
compounds formed by the interaction of maleic anhydride and various hydrocarbons. 
Thus (V) agrees with tetralin and A*-dihydronaphthalene, whilst (VI) agrees fairly well 
with naphthalene. 

It is curious that the group of three conjugated double bonds retains very similar 
chromophoric properties even if a nitrogen atom is interposed, as in pyridine, the picolines, 
and lutidines. Pyridine has maxima at 262-8, 256-7, 251 mu (Acm.! = 905); «-picoline, 
268-5, 262-0, 256 mp (Acm.! = 910); §8-picoline 269, 262, 255-5 my (Acm.+ = 985), and 
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the only lutidine which has been measured shows a maximum at about 267 my. These 
data exhibit a close analogy with benzene, toluene, and the xylenes respectively. This 
view is supported by the data on cadinene and isocadinene. These compounds only show 
very ill-defined selective absorption at intensities between those of tetralin and octa- 
——— 





(V.) (VI.) 


AXA wt ‘CO,Na AK g H: é. CO,Na 
OO 


i 
¢ A\f/  HCCONa H-C-CO,Na 
p tales i AK ie 


Amax» Mp. 272 266 260 Amax» Me 321 307 2875 280 270 240 
log émax. 325 305 2-8 log €max. —_ = 385 42 43 50 





Difficulties arise when polycyclic substances with only two double bonds in the ring 
system are considered. Well-marked selective absorption is often shown, and a few 


Fic. 16. 


Fic. 15. 1. a-Camphorene. 
Abietic acid (in hexane). 2. isoTricyclo-a-camphorene. 
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examples may be considered. Abietic acid (VII) isclearly a derivative of 1: 2:3:4:5: 10- 
hexahydronaphthalene and exhibits intense, well-resolved, selective absorption (Fig. 15) : 


Alcoholic solution. Hexane solution. 

Amax.» Mp. cm.~}, log €max.: Amax.» My. cm.~!, log €max.: 
250°5 39,920 4°03 249-7 40,040 4°10 
241°2 ‘41,460 4°13 242°5 41,240 4°16 
234 42,740 4°10 234 42,740 4°16 


Acm.~! = ca. 1400. 


The obvious suggestion that conjugation is essential for the appearance of intense selective 
absorption is difficult to reconcile with the data obtained on a-camphorene (VIII) and 
isotricyclocamphorene (IX) (Fig. 16), kindly furnished by Prof. Ruzicka. The second 
compound may be compared with 1:4:7:8:9:10-hexahydronaphthalene, the double 
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bonds being well separated. On the basis of all experience in absorption spectra, such a 
compound should not absorb selectively. No satisfactory explanation can be offered. 


CH, 


H,C\ CO,H 
: cre H,¢ tH, 


$9 : i. 


C H,C CH 
a H No 


CH, un H CH:CMe, CH-CHMe, 
H,C:C CH, CH, CH, 
<cuMe, \ va 
Hy 
(VII.) (VIII.) on: ) 
Inflexion 230—250 my; Ill-defined band 246°5 my, log e 
log € 2°82. 3°72; inflexion 285 my. 
Again, cholesterol and the sitosterols (— 1) are extremely transparent and exhibit only 
very feeble general absorption, but numerous ergosterol derivatives exhibit very well- 
defined selective absorption with ¢,,,, of the order 10,000. It is now accepted that in 
the ring system such as occurs in all the sterols and in ergosterol and its derivatives, one 
out of three double bonds is in the side chain at a position where its influence on selective 
absorption is minimal. 
On the basis of the most recent structure suggested for ergosterol, the parent 
substance is best considered (from the “‘ chromophore ” point of view) as a derivative of 
1:2:3:4:6:7-hexahydronaphthalene (X), the hydroxyl group being in an 
d ac-ring. As has been shown, such a position for this group (in ac-tetrahydro- 
8-naphthol) is unimportant in influencing selective absorption. A review of 
the literature of ergosterol derivatives discloses a considerable variety of 
absorption curves, mainly of a surprisingly high intensity (« ca. 10,000). 
Calciferol exhibits no sign of resolution, but the extinction coefficient is nearly 20,000, 
whilst ergosterol-D shows absorption at 230—255 my of intensity ¢ ca. 11,000. 


Ergosterol. Ergosterol-D. Dehydroergosterol. 

Amax., Mp. cm, Acm,-, Amax.» My. cm.1, Acm., Amax,» My. cm, Acm,.-, 
293°5 34,070 1460 251-7 39,730 1460 342-0 29,240 1480 
281: “5° 35,530 1430 242°8 41,190 1360 325°5 30,720 1430 

36,960 1500 235-0 42,550 311-0 32,150 1630 


38,460 1540 Mean 1410 296 33,780 
40,000 Mean 1510 


Mean 1470 
* €max, = 11,700. 

The origin of selective absorption in the sterols is too large a question to pursue further 
now, but the following statement seems justified. Existing data on absorption spectra 
make it reasonable to expect ergosterol to absorb like phenol (Emax, Of order 2000) or 
tetralin (¢,,,,, 800), only if all three double bonds are in the same ring. As they are not, and 
moreover the ¢,,,,, value is 11,700, it is plain that something entirely new in the way of a 
chromophore must be postulated. Allsopp (Proc. Roy. Soc., 1934, 148, A, 624) has shown 
that 1 : 3-cyclohexadiene exhibits well-resolved selective absorption, in the same region 
as benzene but nearly 100 times as intense. This observation has wide implications 
especially in view of the depressing effect of the third double bond on the extinction 
coefficient. 

There is no escape from the necessity of an explanation involving the mutual influence 
of two double bonds. Just so long as one benzene ring remains intact, the absorption 
spectra of the hydronaphthalenes and other hydroaromatic systems are capable of being 
reduced to order, if not ‘‘ explained,” but with naphthalene derivatives partly saturated 
in both rings, some novel effect occurs. 
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Frequency differences (Acm.) have been noted where possible in this work, and al- 
though the matter is not ripe for detailed discussion, the main Raman frequencies are 
already available. Bonino and Cella (Atti R. Accad. Lincei, 1931, 18, 784) have studied 
the Raman spectra of decalin, tetralin, A*-dihydronaphthalene, and naphthalene. The 
evidence shows that the frequencies 1602, 1573, and 1583 are associated with C = C 


vibrations and 3041—3049 with CH,,,,,. in S»C-H. Associated with <S are the 
frequencies 2930, 2922, 2848, 2856, 2862, whilst the related frequencies 1446, 1448, 1456, 
1433, are identified with oct The “ethylenic” linkage in the hydrogenated ring 


of A?-dihydronaphthalene is responsible for a frequency 1663. Naphthalene itself gives 
rise to a characteristic frequency of 1377. Ziemecki (Z. Physik, 1932, 78, 123) observed 
the following : 


TI ssevennenstnictsncixerisinsvensiaeis 511, 742, 1377, 1460, 1575, 3058. 
a-Methylnaphthalene 700, 1078, 1376, 1434, 1464, 1586, 3059. 
B-Methylnaphthalene 779, 1382, 1485, 1589, 3059. 


whilst Bourguel (Compt. rend., 1932, 195, 311) records : 


C = C frequency. C = C frequency. 
1 : 3-Butadiene 1634 Styrene 1601— 1636 
Isoprene 1640 Phenylpropene 1599— 1663 
1 : 3-Pentadiene 1597—1646 Cinnamic aldehyde 1600—1629—1676 


Dupont, Daure, and Allard (Bull. Soc. chim., 1931, 49, 1407) find Acm.+ ca. 1600 in 
all C,9H,, bicyclic terpenes, and in particular the lines 1641, 1672, 1695 are absent in 
saturated terpenes. The frequency 1400—1500 is ascribed to >C—C< and in another 
memoir all lines below 1000 are said to be combinations of 62, 106, 670, and 953. Our own 
data on indene (Table I) may be compared with the above. 

Two important comments are necessary concerning the correlation of Acm.+ values 
in ultra-violet absorption spectra with Raman frequencies: (i) The Acm. value of 1450, 
which recurs in the separation between sub-maxima in ultra-violet absorption spectra of 


unsaturated compounds (cf. ergosterol), corresponds in the Raman effect with c<at 


vibrations, although the mechanism of the ultra-violet absorption is determined in the 
first instance by the existence of unsaturation. (ii) The C—O and the C—C vibration at 
1700 and 1600 respectively are variable in different compounds, and on account of this 
fact alone, the application of the Raman effect to the identification of the chromophores 
in the absorption of unsaturated ketones is not likely to be of great assistance. 


We are indebted to Professor I. M. Heilbron, F.R.S., for specimens of certain alkylnaphth- 
alenes and abietic acid, and also to the Junta de Educagdo Nacional (Portugal) for allowing 
one of us (A. J. A. de G.) to participate in the work. 
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196. The Action of Halogens upon the Arylazoacetylacetones. 
By F. D. Cuatraway and D. R. ASHwWoRTH. 


DurinG the past few years several papers have been published describing the action of 
chlorine and bromine upon a series of compounds obtained by coupling diazonium salts 
with substances containing a methylene group activated by adjoining groups. In the 
compounds so far studied, the arylazoacetoacetates (Chattaway and Lye, Proc. Roy. Soc., 
1932, A, 185, 282; Chattaway and Ashworth, J., 1933, 475) and the arylazobenzoylacetones 
(J., 1933, 481, 1624), the two groups attached to the linking methylene carbon atom have 
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been different and one of them an acetyl group which in every case was substituted or 
replaced by halogen. 


R*NH'N:CR"CO-CH, —> R:NH:N:CR’:CO*CH,X or R-NH:N:CR’X 
(R’ = CO,Et ov COPh; X = halogen.) 


The action of halogens upon the arylazoacetylacetones is of special interest, as in them 
the two groups attached to the linking carbon atom of the ketonic residue are identical 
and, since each is an acetyl group, equally susceptible to attack by the halogen. As with 
the compounds previously studied, the action is profoundly influenced by the conditions 
of reaction and by the substituents in the aryl nucleus. 

When one mol. of bromine acts at the ordinary temperature upon phenylazoacetyl- 
acetone dissolved in acetic acid or chloroform, the phenyl nucleus is first attacked and 
p-bromophenylazoacetylacetone (1) chiefly formed, identical with the compound obtained by 
coupling -bromobenzenediazonium chloride with acetylacetone : 


C,H,"NH-N:CAc, —> (I) (6) CsH,BreNH*N:CAc, <— () CsH,Br-N,Cl + CH,Acg 


No other product can be definitely isolated, although an acetyl group is probably also 
substituted and replaced to a certain extent. 

When two mols. of bromine react with phenylazoacetylacetone under similar conditions, 
a mixture results, from which no individual compound can be separated. When, however, 
three mols. of bromine are used in hot or cold acetic acid solution, bromine is substituted 
for hydrogen in the #-position in the phenyl nucleus and also in one acetyl group, the other 
pre group is replaced, and Bw-dibromo-«-ketopropaldchyde-p-bromophenythydrazone (II) 
ormed : 


(I) —> (II) (p) C,H,Br-NH-N:CBr-CO-CH,Br <— (f) CsH,Br-NH-N:CH-CO-CH, 


The same compound is obtained by the action of two mols. of bromine upon p-bromophenyl- 
azoacetylacetone or «-ketopropaldehyde-p-bromophenylhydrazone dissolved in hot glacial 
acetic acid. 

The continued action of excess of bromine upon $w-dibromo-«-ketopropaldehyde-f- 
bromophenylhydrazone, dissolved in boiling glacial acetic acid, produces first BBw-iribromo- 
a-ketopropaldehyde-p-bromophenylhydrazone, and then, more slowly, bromine enters the 
nucleus in an o-position, ®8w-tribromo-«-ketopropaldehyde-2 : aaa ae ie ect ne 
(III) being formed : 


(II) —> (pf) C,H,Br-NH-N:CBr-CO-CHBr, —> (III) (2:4) C,H,Br,*-NH-N:CBr-CO-CHBr,. 


When two mols. of bromine react with 2 : 4-dibromophenylazoacetylacetone dissolved 
in boiling chloroform, both acetyl groups are substituted and 2 : 4-dibromophenylazo-yy’'- 
dibromoacetylacetone is formed in quantitative yield. The action of a third mol. of bromine 
upon this compound, dissolved in boiling glacial acetic acid, causes further substitution 
in one of the already substituted acetyl groups, 2 : 4-dibromophenylazo-yyy'-tribromoacetyl- 
acetone being formed. When excess of bromine is used and the action in acetic acid at 100° 
is prolonged, one of the substituted acetyl groups is replaced by bromine, ®fw-tribromo-«- 
ketopropaldehyde-2 : 4-dibromophenylhydrazone (III) being formed, identical with the 
product obtained by the action of excess of bromine in boiling acetic acid upon a-keto- 
propaldehyde-2 : 4-dibromophenylhydrazone : 


(2 : 4) CgH,Br."NH-N:C(CO-CH,), —> C,H,Br,NH-N:C(CO-CH,Br), —> 
C,H,Br,:NH-N:C(CO-CH,Br)CO-CHBr, 


(2 : 4) CsH,Br,"NH-N:CH-CO-CH, —-> (III) 


The action of bromine upon 2 : 4 : 6-tribromophenylazoacetylacetone is similar. When 
this is treated with two mols. of bromine in boiling chloroform solution, substitution in 


3Q 
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each of the acetyl groups occurs and 2 : 4 : 6-tribromophenylazo-yy'-dibromoacetylaceione is 
formed. The further action of bromine upon this compound, dissolved in boiling acetic 
acid, replaces one of the substituted acetyl groups and fully substitutes the other, 6$-tri- 
bromo-a-ketopropaldehyde-2 : 4 : 6-tribromophenylhydrazone being formed. It was not 
found possible to isolate 2: 4 : 6-tribromophenylazo-yyy’-tribromoacetylacetone which 
may be formed as an intermediate stage. 


(2: 4 : 6)C,H,Bry-NH-N:C(CO:CH,), —> CgH Brs*NH-N:C(CO-CH,Br), —> 
C,H.Brs‘NH‘N:CBr-CO-CHBr,. 


The behaviour of bromine with -nitrophenylazoacetylacetone is similar; in boiling 
chloroform solution p-nitrophenylazo-yy'-dibromoacetylacetone is formed, and the further 
action of bromine upon this compound results in the formation of ®8w-tribromo-«-keto- 
propaldehyde-#-nitrophenylhydrazone. 

The action of bromine upon o-nitrophenylazoacetylacetone, dissolved in chloroform, 
causes first substitution in each acetyl group, o-nitrophenylazo-yy'-dibromoacetylacetone 
being formed. This compound on treatment with two mols. of bromine in boiling glacial 
acetic acid solution is substituted further in each acetyl group, and o-nitrophenylazo- 
vyy'y'-tetrabromoacetylacetone formed in quantitative yield : 


(0) NO,-C,H,-NH-N:C(CO-CH,), —> NO,°C,H,*NH-N:C(CO-CH,Br), —> 
NO,°C,H,"NH-N:C(CO-CHBr,).. 


This is the only case in which a tetrabromoacetylacetone could be isolated. The effect 
of the nitro-group in an ortho-position in promoting this substitution in the acetyl group 
is lessened by the presence of bromine in the phenyl nucleus ; for example, 4-bromo-2-nitro-, 
and 4 : 6-dibromo-2-nitro-phenylazoacetylacetones, whilst yielding yy’-dibromo-derivatives, 
are not substituted further, the compounds breaking down when action is pressed. 

When any one of the arylazoacetylacetones or the arylazohalogenoacetylacetones is 


treated with one mol. of bromine in cold acetic acid solution containing crystalline sodium 
acetate, one acetyl group or substituted acetyl group is replaced by bromine, the corre- 
sponding «-bromo-«-ketopropaldehydearylhydrazone being quantitatively formed. Thus 
p-nitrophenylazoacetylacetone yields «w-bromo-«-ketopropaldehyde-p-nitrophenylhydrazone, 
p-nitrophenylazo-yy’-dibromoacetylacetone yields Bw-dibromo-«-ketopropaldehyde-p-nitro- 
phenylhydrazone, and o-nitrophenylazo-yyy'y'-tetrabromoacetylacetone yields BBw-tribromo- 
a-ketopropaldehyde-o-nitrophenylhydrazone. Identical compounds can be obtained by the 
action of bromine upon the corresponding «-ketopropaldehydearylhydrazone (J., Joc. cit.) : 


(p) NO,CgHyNH-N:C(CO:CH,). —> NO,*CsHyNH-N:CBr-CO-CHg. 
(p) NO,*CgH,-NH-N:C(CO-CH,Br). —> NO,°CgHyNH-N:CBr-CO-CH,Br. 
(0) NO,*C,H,-NH-N:C(CO-CHBr,). —> NO,*C,HyNH-N:CBr-CO-CHBry. 


Action of Chlorine upon the Arylazoacetylacetones.—This action always causes the 
replacement of one acetyl group by chlorine, the remaining acetyl group never being 
substituted, w-chloro-«-ketopropaldehydearylhydrazones resulting in every case; ¢.g., 
2 : 4-dibromophenylazoacetylacetone on treatment with chlorine in chloroform or acetic 
acid solution, with or without addition of sodium acetate, yields w-chloro-a-ketopropaldehyde- 
2 : 4-dibromophenylhydrazone. 

Again, when chlorine is passed through a solution of either o- or p-nitrophenylazoacetyl- 
acetone or the o- or #-nitrophenylhydrazone of «-ketopropaldehyde in dry chloroform, 
the corresponding -chloro-«-ketopropaldehyde-nitrophenylhydrazone is formed, no 
substitution occurring in the nucleus. When, however, reaction takes place in acetic 
acid solution, it is more vigorous and chlorine, although not substituting in an acetyl group, 
enters the nucleus in the unoccupied #- or o-position. Thus #-nitrophenylazoacetylacetone 
or «-ketopropaldehyde-f-nitrophenylhydrazone in dry chloroform solution yields w-chloro-«- 
ketopropaldehyde-p-nitrophenylhydrazone and in acetic acid solution w-chloro-«-ketopropalde- 
hyde-2-chloro-4-nitrophenylhydrazone, identical with the compound obtained by the action 
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of chlorine upon «a-ketopropaldehyde-2-chloro-4-nitrophenylhydrazone in acetic acid 


solution. 
OHCI, CHOI, 
(p) NOg*CgHyNH-N-CAcy > NO,’CgHyNH:N:CClAc <- NO,°C,HyNH-N:CHAc 


sort p08 


The halogen atom in the w-chloro- and w-bromo-«-ketopropaldehydearylhydrazones 
is very reactive and can easily be replaced by an amino- or anilino-group on treatment with 
alcoholic ammonia or aniline, the corresponding w-amino- and w-anilino-compounds being 
respectively formed. 

When any one of the arylazo-yy’-dibromoacetylacetones is warmed with an alcoholic 
solution of potassium acetate, pyridine, sodium ethoxide, ammonia, or potassium cyanide, 
reaction occurs and alkali bromide separates, but in no case is the action a clean one, 
viscous dark-coloured substances being formed, from which nothing definite or crystalline 


can be isolated. 
EXPERIMENTAL. 


Formation of p-Bromophenylazoacetylacetone.—9 G. of p-bromoaniline were diazotised in the 
usual manner and the filtered diazonium solution was run into a cooled well-stirred mixture of 
50 g. of crystalline sodium acetate and 6 g. of acetylacetone in 50 c.c. of water. p-Bromophenylazo- 
acetylacetone began to separate at once and was collected after 12 hours; it crystallised from 
acetic acid in yellow, large, flattened prisms, m. p, 142° (Found: Br, 35-7. C,,H,,O,N,Br 
requires Br, 35-6%). 

The following were similarly prepared: 2 : 4-Dibromophenylazoacetylacetone, yellow, short, 
flattened prisms from acetic acid, m. p. 186° (Found: Br, 44-4. C,,H,O,N,Br, requires Br, 
44-2%); 2:4: 6-tribromophenylazoacetylacetone, yellow, very long, slender prisms from alcohol, 
m. p. 130° (Found: Br, 54-6. C,,H,O,N,Br, requires Br, 54:-4%); p-nitrophenylazoacetyl- 
acetone, yellow, long, four-sided prisms from acetic acid, m. p. 219° (Found : N, 17-0. C,,H,,0,N; 
requires N, 16-9%); 0-nitrophenylazoacetylacetone, yellow lustrous leaflets from acetic acid, 
m. p. 184° (Found: N, 168%); 4-bromo-2-nitrophenylazoacetylacetone, yellow, very long, 
slender prisms from acetic acid, m. p. 184° (Found : Br, 24-5. C,,H,0O,N,Br requires Br, 24-4%) ; 
4 : 6-dibromo-2-nitrophenylazoacetylacetone, yellow, slender, flattened prisms from acetic acid, 
m. p. 174° (Found: Br, 39-3. C,,H,O,N,Br, requires Br, 39-3%). 

Action of Bromine upon Phenylazoacetylacetone.—(1) Formation of p-bromophenylazoacetyl- 
acetone. 1-5 G. of bromine in 3 c.c. of acetic acid were added to a solution of 2 g. of phenylazo- 
acetylacetone in 20 c.c. of acetic acid. After } hour, addition of water precipitated a viscous 
yellow solid, from which by repeated crystallisation was obtained -bromophenylazoacetyl- 
acetone identical with the compound described above. 

(2) Formation of Bw-dibromo-a-ketopropaldehyde-p-bromophenylhydrazone. 4-5 G. of bromine 
in 5 c.c. of acetic acid were added to a solution of 2 g. of phenylazoacetylacetone in 15 c.c. of 
boiling acetic acid. On cooling and dilution with water a viscous yellow solid was obtained 
from which on repeated crystallisation from alcohol was isolated Bw-dibromo-a-ketopropaldehyde-p- 
bromophenylhydrazone (0-5 g.) in pale yellow, long, hair-like needles, m. p. 175° (Found: Br, 
60-4. C,H,ON,Br, requires Br, 60-15%). This compound was also obtained when 1-2 g. of 
bromine were added to 1 g. of a-ketopropaldehyde-p-bromophenylhydrazone in 10 c.c. of 
boiling acetic acid and when 2-4 g. of bromine were added to 2-1 g. of p-bromophenylazoacetyl- 
acetone in 10 c.c. of boiling acetic acid. 

(3) Formation of BBw-tribromo-a-ketopropaldehyde-p-bromophenylhydrazone. 8 G. of bromine 
in 5 c.c. of acetic acid were added to a solution of 2 g. of phenylazoacetylacetone in 10 c.c. of 
boiling acetic acid. On cooling, a yellow solid separated from which on repeated crystallisation 
was obtained the above compound in deep yellow, rhombic plates, m. p. 164° (Found: Br, 66-9. 
C,H,ON,Br, requires Br, 66-8%). 

Action of Bromine upon 2 ; 4-Dibromophenylazoacetylacetone.—(1) Formation of 2 : 4-dibromo- 
phenylazo-yy'-dibromoacetylacetone. 2-4 G, of bromine in 3 c.c. of acetic acid were added to 
2:7 g. of 2: 4-dibromophenylazoacetylacetone in 20 c.c. of boiling acetic acid. On cooling, 
the above compound separated ; it crystallised from acetic acid in yellow, short, fragile, flattened 
prisms, m. p. 162° (Found : Br, 61-8. C,,H,O,N,Br, requires Br, 61-5%). 
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(2) Formation of 2: 4-dibromophenylazo-yyy'-tribromoacetylacetone. 1 G. of bromine in 
3 c.c. of acetic acid was added to 2-4 g. of 2: 4-dibromophenylazo-yy-dibromoacetylacetone 
in 15 c.c. of acetic acid, and the whole heated on a water-bath for } hour, On cooling, the 
above compound separated; it crystallised from acetic acid in deep yellow, long, flattened 
prisms, m. p. 165° (Found: N, 4:4; Br, 67-0. C,,H,O,N,Br, requires N, 4-7; Br, 66-8%). 

Each of the above compounds, when heated with excess of bromine in acetic acid solution, 
yielded {8w-tribromo-«-ketopropaldehyde-2 : 4-dibromophenylhydrazone identical with an 
authentic specimen (Proc. Roy. Soc., 1932, A, 137, 489). 

Action of Bromine upon 2: 4: 6-Tribromophenylazoacetylacetone.—(1) Formation of 2: 4 : 6- 
tribromophenylazo-yy'-dibromoacetylacetone. 1-9 G. of bromine in 3 c.c. of acetic acid were 
added to a solution of 2-6 g. of 2: 4: 6-tribromophenylazoacetylacetone in 10 c.c. of boiling 
chloroform. On removal of the chloroform on a water-bath the above compound separated ; 
it crystallised from chloroform-light petroleum in yellow, long, fragile, flattened prisms, m. p. 
123° (Found: Br, 67-1. C,,H,O,N,Br, requires Br, 66-8%). 

(2) Formation of BBw-iribromo-a-ketopropaldehyde-2 : 4 : 6-iribromophenylhydrazone. 3-9 G. 
of bromine of 4 c.c. of acetic acid were added to 2-6 g. of 2 : 4 : 6-tribromophenylazoacetylacetone 
in 10 c.c. of boiling acetic acid. On addition of water the above compound separated as a viscous 
solid. After crystallisation from chloroform-light petroleum it was identical with an authentic 
specimen (Proc. Roy. Soc., 1932, A, 135, 282). 

In a similar fashion were obtained p-nitrophenylazo-yy'-dibromoacetylacetone, yellow, long, 
very slender prisms from alcohol, m. p. 150° (Found: Br, 39-1. C,,H,O,N,Br, requires Br, 
39-3%), and $8-tribromo-«-ketopropaldehyde-p-nitrophenylhydrazone (J., 1933, 475). 

The following have been obtained in a similar fashion to (1) above: o-Nitrophenylazo-yy’- 
dibromoacetylacetone, yellow, irregular, lustrous, flattened prisms, from acetic acid, m. p. 168° 
(Found: Br, 39-6%); 4-bromo-2-nitrophenylazo-yy’'-dibromoacetylacetone, orange, compact, 
rhombic tablets from acetic acid, m. p. 158° (Found: Br, 49-3. C,,H,O,N,;Br, requires Br, 
49-4%); 4: 6-dibromo-2-nitrophenylazo-yy’'-dibromoacetylacetone, yellow, long, flattened prisms 
from acetic acid, m. p. 165° (Found: Br, 56-7. C,,H,O,N;Br, requires Br, 56-6%). 

Formation of 0-Nitrophenylazo-yyy'y’'-tetrabromoacetylacetone.—6 G. of bromine in 3 c.c. 
of acetic acid were added to a solution of 2 g. of o-nitrophenylazoacetylacetone in 15 c.c. of 
boiling acetic acid. On cooling and careful addition of water the tetrabromo-compound separated. 
It crystallised from alcohol in yellow, long, slender, flattened prisms, m. p. 132° (Found: Br, 
56-3; N, 7-4. C,,H,O,N,Br, requires Br, 56-6; N, 7-4%). 

Formation of w-Chloro-a-ketopropaldehyde-2 : 4 : 6-tribromophenylhydrazone.—2 G. of 2: 4: 6- 
tribromophenylazoacetylacetone were dissolved in 10 c.c. of acetic acid and chlorine was passed 
for 10 minutes. On careful addition of water the above compound separated. It crystallised 
from alcohol in very pale yellow, long, slender, flattened prisms, m. p. 136° (Found: Br, 55-3; 
Cl, 8-2. C,H,ON,CIBr, requires Br, 55-4; Cl, 82%). 

«-Chloro-«-ketopropaldehyde-2 : 4-dibromophenylhydrazone, clusters of colourless, short, 
hair-like prisms, m. p. 141° (Found: Cl, 9-8; Br, 44-8. C,H,ON,CIBr, requires Cl, 10-0; 
Br, 45-1%), was obtained similarly. From p-nitrophenylazoacetylacetone, «a-ketopropaldehyde- 
p-nitro- and -2-chloro-4-nitro-phenylhydrazone was obtained w-chloro-a-ketopropaldehyde-2- 
chloro-4-nitrophenylhydrazone, clusters of pale yellow, minute prisms from alcohol, m. p. 148° 
(Found: Cl, 26-0. C,H,O,N,Cl, requires Cl, 25-7%). By similar methods was obtained 
w-chloro-a-ketopropaldehyde-4-chloro-2-nitrophenylhydrazone, deep yellow, long, slender prisms 
from alcohol, m. p. 155° (Found: Cl, 25-9%). 

«-Chloro-B-bromo-«-ketopropaldehyde-2-chloro-4-nitrophenylhydrazone was prepared by thie 
action of chlorine upon p-nitrophenylazo-yy’-dibromoacetylacetone and by the action of 1 mol. 
of bromine upon w-chloro-«-ketopropaldehyde-2-chloro-4-nitrophenylhydrazone ; it crystallised 
from alcohol in pale yellow, short, flattened prisms, m. p. 178° (Found: Cl, 20-1; Br, 22:7. 
C,H,O,;N,Cl,Br requires Cl, 20-0; Br, 22-5%). 

Formation of w-Chloro-«-ketopropaldehyde-p-nitrophenylhydrazone.—2 G. of p-nitrophenyl- 
azoacetylacetone or of «-ketopropaldehyde-p-nitrophenylhydrazone were suspended in 15 c.c. 
of dry chloroform, and a stream of dry chlorine passed in for 15 minutes. On removal of the 
chloroform the above compound remained. It crystallised from alcohol in pale yellow, slender 
prisms, m. p. 224° (Found: Cl, 14-9. C,H,O,N,Cl requires Cl, 14-7%). 

Similarly was obtained w-chloro-a-ketopropaldehyde-o-nitrophenylhydrazone, yellow, long, 
flattened, rectangular prisms from alcohol, m. p. 173° (Found: Cl, 14-3%). 

When -chloro-«-ketopropaldehyde-p-nitrophenylhydrazone was stirred into alcoholic 
ammonia, a quantitative yield of w-amino-a-ketopropaldehyde-p-nitrophenylhydrazone was 








Fused Carbon Rings. Part I. 935 


obtained identical with an authentic specimen (J., Joc. cit.). Similarly was obtained w-amino-a- 
ketopropaldehyde-2-chloro-4-nitrophenylhydrazone, orange slender prisms from alcohol, m. p. 201° 
(Found: Cl, 14-0. C,H,O,N,Cl requires Cl, 13-85%). 

By the method previously given (J., Joc. cit.), the following have been prepared: «-keto- 
propaldehyde-4-chloro-2-nitrophenylhydrazone, clusters of yellow minute prisms from alcohol, 
m. p. 170° (Found: Cl, 14-8. C,H,O,N,Cl requires Cl, 14-7%); «-ketopropaldehyde-2-chloro-4- 
nitrophenylhydvazone, which separated from solution in acetic acid as a labile form in pale yellow, 
hair-like prisms which gradually redissolved with the separation of the stable form in yellow, 
rectangular, dense, somewhat flattened prisms, m. p. 168° (Found : Cl, 14-6%); «-ketopropalde- 
hyde-p-bromophenylhydrazone, very pale yellow, slender prisms from light petroleum, m. p. 143° 
(Found : Br, 33-1. C,H,ON,Br requires Br, 33-2%%). 


THE QUEEN’S COLLEGE LABORATORY, OXFORD. (Received, April 7th, 1934.] 





197. Fused Carbon Rings. Introduction and Part I. The Fusion of 
Five-membered Rings in the cis- and trans-Positions. The Synthesis 
of B-0: 3: 3-bicycloOctanones and Related Compounds. 


By R. P. LINsTEAD and E. M. MEADE. 


Introduction. 


DicycLic compounds containing fused five-membered rings are of considerable stereo- 
chemical importance. This is best illustrated by a comparison with the corresponding 
cyclic type containing cyclohexane units. Hiickel has shown that two six-membered 
rings can be locked together in the ortho-position both by cis- and by érans-valencies in 
agreement with the Sachse—Mohr modification of the strain theory. Moreover, the ¢vans- 
compounds so formed, in which the component rings must be multiplanar, are actually 
more stable than their cis-isomerides (Hiickel, Annalen, 1925, 441, 1; Windaus, Hiickel, 
and Reverey, Ber., 1923, 56, 95). 

If, on the other hand, there is any deviation from the plane in a five-membered ring 
(and more particularly in a cyclopentane ring), the tetrahedral theory suggests that the 
molecule will become strained. From this the inference can be drawn either that a five- 
membered ring can only be fused to another ring in the czs-position or that if a évans- 
compound can be formed it will be unstable. A few simple compounds are known in 
which a cyclopentane ring is fused to a cyclohexane ring in the /vans-ortho-position. Of 
these, ¢rans-hexahydrophthalic anhydride (v. Baeyer, Annalen, 1890, 258, 216) is unstable, 
as required by theory, but /vans-8-hydrindanone is stable * and actually has a lower heat 
of combustion than the cis-isomeride (Hiickel and Friedrich, Annalen, 1927, 451, 132). 
This anomaly has led Hiickel to the view that the strain theory cannot be applied in a 
simple manner to bicyclic systems (compare Mills, Reports of the Fourth Solvay Conference, 
1931, p. 16). 

It was considered that the 0:3: 3-bicyclooctane system (A and B) would provide 
valuable evidence on this point. On the basis of the tetrahedral theory, the following 
properties could be predicted for this system : 


7 at 7 CO 

Kida 7 beg 
r, < — CO 
(A) (B) (C) 


cis-bicycloOctane derivatives (Type A) should have the stability of ordinary cyclopentane 
compounds, but the /vans-isomerides (Type B) should be comparatively unstable. In 








* To heat and reagents. No information is available on the relative stabilities of cis- and trans-a- 
hydrindanones in which free interconversion would be possible. The nomenclature here used is that 
of Hiickel: hydrindane = hexahydrohydrindene; hydrindanone = hexahydrohydrindone. 
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structures where conversion between the two types is possible, this should proceed in the 
direction ‘vans- —-> cis-, that is, the reverse of that observed in decahydronaphthalenes. 
Hiickel has also drawn attention to the importance attaching to these substances 
(“ Theoretische Grundlagen der Organische Chemie,” 1931, I, 63) * and has calculated 
that the ¢rans-bicyclooctane ring has a strain nearly equal to that of (cis-)camphor. 

The dicyclooctane system is also of considerable interest in relation to the structure of 
the bile acids and sterols (see p. 951). 

trans-bicycloOctane is associated stereochemically with the anhydride of ‘/vans-cyclo- 
pentane-1 : 2-dicarboxylic acid (C) (E. Haworth and Perkin, J., 1894, 65, 985). It is, 
however, doubtful whether this is a monomeric compound (compare Bredt, Annalen, 1924, 
437, 1; Hiickel, of. cit., p. 66; Goldsworthy and Perkin, J., 1914, 105, 2639) and the 
substance will be re-investigated. 

Investigation of the bicyclooctanes was commenced in 1930. Publication has been 
delayed to permit of confirmatory work on the orientation of the products, but has now 
been made advisable by the appearance of a paper by Ruzicka, de Almeida, and Brack 
(Helv. Chim. Acta, 1934, 17, 183), which deals with compounds containing the same ring 
system. The main results reported in the present papers can be summarised as follows : 
In Part I it is shown that both cis- and trans-B-bicyclooctanones can be prepared, the 
former more readily. Part II describes the preparation of the corresponding «-ketone ; 
in this case the ¢vans-ketone cannot be isolated, as it is converted into the cis-isomeride 
by the action of heat or reagents. Part III deals with the cyclopentane-l-carboxy-2-acetic 
acids related to the cyclohexane-carboxy-acetic acids of Windaus, Hiickel, and Reverey. 
It is shown that the anhydride of the cis-acid is more stable than that of the ¢vans-acid, 
whereas the reverse is true of the cyclohexane compounds. 

These facts are in complete agreement with the requirements of the simple theory of 
ring strain based on the tetrahedral principle, and there is at present no indication of the 
operation of other factors in determining the stability of these bicyclic molecules. The 
pyrogenic formation of the multiplanar /vans-6-ketone is no more surprising than that of 
camphor. It is hoped to institute soon a comparison between the heats of combustion 
of substances of the cis- and trans-series. 


Pari I. 


When this work was commenced, no simple 0 : 3 : 3-bicyclooctanes of certain structure 
were known. Reference is made later to the products of Willstatter (Ber., 1907, 40, 957; 
1908, 41, 1480) and of Schroeter (Annalen, 1922, 426, 1), which are of doubtful constitution. 

For the synthesis of the cis- and ¢vans-forms of 8-0 : 3 : 3-bicycloocianone (I and II) 
the corresponding cyclopentane-1 : 2-diacetic acids (III and IV; R = H) were required. 


to C e 
sa qi eta s Bea -CO,R —'4CH,CO,R 
(II.) (III.) (IV.) 


The ed known acids of this type are the associated cyclohexane-1 : 2-diacetic acids, but 
these have only been prepared by the oxidation of decalin derivatives or from aromatic 
compounds and no synthesis from simple mono-alicyclic compounds has previously been 
achieved. 

Preliminary experiments were made (with the late Mr. J. F. F. Trotter of this College) 
on the condensation of 1 : 2-dibromocyclopentane with ethyl sodiomalonate in the hope 
that two side chains might be introduced either directly or (following Perkin) through the 
intermediate formation of a 0: 1 : 3-bicyclohexane derivative. No such reaction occurred 
owing to the ease with which hydrogen bromide was eliminated from the dibromide, and 
the method was not pursued. The bromine of ethyl 2-bromocyclopentanecarboxylate 
shows a similar lability. 

The next possibility was to introduce a second side chain into a suitable substance 


* This came to our notice two years after the first bicyclooctanone had been synthesised (1930). 
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already containing one acetic acid group such as ethyl cyclopentanone-2-acetate (V; 
R = Et) or the lactone of cyclopentanol-2-acetic acid (VI). 


OH CH,°CO,Et 


ee —|—CH,-CO,Et H,°CO,Et - 
C | >CO . | ities at >CO 
——CH, —'_CH,-CO,Et \—I_CH,CO,Et \—'—CH, 


(VI.) (VIL.) (VIIL.) (IX.) 





The ester (V), prepared by an improvement of Kotz’s method from ethyl cyclopentanone- 
carboxylate, gave on treatment with ethyl bromoacetate and zinc a poor yield of ethyl 
cyclopentanol-1 : 2-diacetate (VII). A small amount of the same material was also given 
by the use of ethyl chloroacetate and magnesium, although Kon and Nargund report 
that cyclopentanone itself does not yield a hydroxy-ester under these conditions (J., 1932, 
2461). The hydroxy-acid corresponding to (VII) was obtained as a mixture of stereo- 
isomerides and failed to yield a homogeneous acid on dehydration. The action of de- 
hydrating agents on the ester (VII) yielded a mixture of ethyl cyclopentene-1 : 2-diacetates 
(such as VIII) and the lactonic ester (IX), the latter in preponderating amount. This 
by-product was unfortunately of no synthetic value, as an attempt to reduce it to a 
saturated ester through the corresponding bromo-ester was unsuccessful. 

The unsaturated ester was a mixture of A*- and A*-isomerides which on fractionation 
and hydrolysis gave two isomeric acids, CgH,,0,, m. p. 179° and 169—172°, the first of 
which is probably (X) and the latter a mixture of isomerides in which the position of the 
double bond is uncertain. The acid, m. p. 179°, was reduced catalytically to a mixture 
of saturated acids, from which cis-cyclopentane-1 : 2-diacetic acid (III; R =H), m. p. 
173°, could be isolated in small amount. The other unsaturated acid was reduced to an 
inseparable mixture of the isomeric diacetic acids. If the mixed unsaturated esters (such 
as VIII) were reduced, a mixture of saturated cyclopentane-l : 2-diacetic esters (III and 
IV; R= Et) was readily obtained which on hydrolysis yielded an inseparable mixture 
of acids. A process was subsequently developed whereby these mixtures could be used 
in the preparation of the pure dicyclic ketones. Care is necessary in dealing with the 
mixed diacetic acids, as they often crystallise in deceptively perfect forms. The melting 
points of such mixtures are, however, indefinite and alter on recrystallisation. 

The next synthetic method tried was more successful. In the presence of piperidine 
or potassium ethoxide, ethyl cyclopentanone-2-acetate condensed with ethyl cyanoacetate 
to yield ethyl cyclopentylidenecyanoacetate-2-acetate (XII) in quantity. This was reduced 
by aluminium amalgam or catalytically to the corresponding saturated ester (XIII), 
which on hydrolysis gave cis-cyclopentane-1 : 2-diacetic acid (III; R = H) contaminated 
with only a small amount of the /vans-isomeride. This acid was identical with that 
prepared by the reduction of the unsaturated acid (X), m. p. 179°. 


a Sat fesse ——C(CN)-CO,Et Ve ae a 
—_CH, _!_CH,-CO,H { Pages, —CH,*CO,Et 











(XI.) (XII.) ¥ (XIII) 


A small amount of cis-8-bicyclooctanone (I) (the prefix 0 : 3 : 3- is omitted hereafter where 
there is no ambiguity) was formed during the hydrolysis of (XIII); which indicates the 
ease with which the cis-bicyclic system is formed. 

Condensations of this type appear to be of general synthetic value for the preparation 
of cis-polycyclic systems. Another example will be found in Part II and the application 
of the method is being extended. 

trans-cycloPentane-1 : 2-diacetic acid is relatively difficult to prepare. Its principal 
source has unexpectedly been the lactone (VI), which was expected to provide cis-material. 
This lactone has been prepared by the following five methods, of which the first is the most 
convenient. (i) The action of sulphuric acid on A}!-cyclopentenylacetic acid (XIV); (ii) 
similarly from A*-cyclopentenylacetic acid (XV), prepared from cyclopentadiene by Noller 
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and Adams’s method (J. Amer. Chem. Soc., 1926, 48, 2444); (iii) the action of sulphuric 
acid on cyclopentanol-l-acetic ester (XVI); (iv) in small yield, by the action of acids on 
cyclopentylidenecyanoacetic ester (XVII); and (v) the reduction of cyclopentanone-2- 
acetic acid (V; R = H) with sodium amalgam or sia 


Ss testo 'é ie a sna ‘CO,H coms 


(XIV.) (XV.) (XVI) (XVII) 
It is possible for the lactone (VI) to exist in a ¢vans- as well as a cis-form, although this 
is unlikely in view of the instability of the anhydride of ¢rans-cyclopentane-1 : 2-dicarboxylic 
acid. The products of all these reactions appeared from the concordance in physical 
properties to be the same homogeneous lactone, but, as it was liquid at — 70° and failed 
to yield a solid derivative with ammonia, aniline, phenylhydrazine, or hydrogen bromide, 
the presence of some of the érans-modification is not rigidly excluded. Nevertheless it 
behaved as a normal y-lactone towards water and alkali, whereas the trans-lactone would 
be expected to yield the corresponding hydroxy-acid with unusual ease. 

On treatment with phosphorus pentabromide and alcohol or with alcoholic hydrogen 
bromide the lactone yielded (? cis + drans)-2-bromocyclopentaneacetic ester (XVIII), a 
substance which slowly decomposed at room temperature into ethyl bromide, the parent 
lactone, and other products. Following Blanc’s general methods for the synthesis of 
adipic acids, the reaction of this bromo-ester with ethyl sodiomalonate was next studied 
under a variety of conditions. The best yield of a product with the properties of ethyl 
cyclopentane-1-malonate-2-acetate (XIX) was obtained by the use of molecular sodium and 
a large excess of ethyl malonate at 130°, but at low temperatures removal of hydrogen 
bromide occurred with the formation of A!-cyclopentenylacetic ester. The analytical 
figures of the condensation product, freed from y-acidic material, were approximately 
correct for the formula (XIX) but still rather low in hydrogen. 

Hydrolysis of the malonic-acetic ester did not proceed smoothly either with acid or 
with alkali. trans-cycloPentane-1 : 2-diacetic acid (IV; R = H), m. p. 132°, was isolated 
in small and varying yield, together with acetic acid and the parent lactone (VI). The 
trans-acid was practically free from the cis-isomeride, and this fact, taken in conjunction 
with the re-formation of lactone, indicates that the acetic-malonic ester is a mixture in 
which only the ¢vans-product is hydrolysed normally. The curious elimination of a side 
chain, apparently only from the cis-product, may proceed by the mechanism shown below. 
Some similar eliminations have been recorded but only from quaternary carbon atoms 
(Kenner, J., 1914, 105, 2690; Beesley, Ingold, and Thorpe, J., 1915, 107, 1087). 
—CH(CO,H), 


Br —CH(CO,Et), LP 
<] > <| >< 
—CH,'CO, Et |_CH,CO,Et —|_CH,:CO,H 


(XVIII.) (XIX.) | 4 H,0 
¥ 








OH 
1 <--> <1 + CH,CO,H + CO, 
—ICH,-CO,H 


2 
In any case the formation of /vans-diacetic acid from what appears to be pure cis-lactone 
involves a change of configuration, which most probably occurs at the moment of the 
fission of the lactone ring during the formation of the bromo-ester. If unsaturated acid 
were temporarily formed during this reaction, the formation of /vans-material would be 
not unexpected. 

Formation of bicycloOctanes.—When heated with a trace of baryta, the cis-acid was 
cyclised smoothly at 280° but the ¢vans-acid only at 320°. The products were two isomeric 
ketones, C,H,,O, both saturated and therefore dicyclic, but yielding two distinct semicarb- 
azones, m. p. 197—198° and 251° respectively. These ketones are assigned the crs- (I) and 
the ¢vans- (II) configuration respectively for reasons given later. 
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The ethy] ester of the cis-acid (III; R = Et) readily yielded ethyl cis-8-bicyclooctanone- 
a-carboxylate (XX) by the Dieckmann reaction. From its physical properties the ester 
existed mainly in the enolic form. On hydrolysis with alkali it regenerated the c7s-acid, and 
with mineral acid yielded the cis-ketone (semicarbazone, m. p. 197—198°), both in a state 
of purity. 

CO,Et CO,Et 


at Coy ag 
(XX.) 





(X XI.) (XXIL.) 


In the light of these results, the mixtures of diacetic acids inseparable by fractional crystal- 
lisation which had previously been obtained (p. 937) were re-examined. One such mixture 
was “ fractionally ketonised ’’ first below 315° and then at about 350°. From the first 
product the pure cis-semicarbazone was isolated, from the higher fraction the trans-. The 
mixed acids were also converted into the esters, which were treated with sodium in boiling 
benzene. Only the cis-ester formed a dicyclic keto-ester (XX) under these conditions : 
this yielded pure cis-cyclopentane-1 : 2-diacetic acid on alkaline hydrolysis and pure cis-8- 
bicyclooctanone on acid hydrolysis, whilst the uncyclised ester was hydrolysed to the 
trans-diacetic acid. The ¢vans-acid so obtained (m. p. 132°) was identical with that 
prepared from the lactone (VI), which provided a welcome confirmation of the structure. 
We believe this to be a unique example of a substituted adipic ester failing to undergo the 
Dieckmann reaction. 

The reactions of the corresponding ¢rans-cyclohexane-1 : 2-diacetic acid present an 
instructive contrast. This acid when heated with baryta yielded a dicyclic ketone freely 
at 275° (Kandiah, J., 1931, 936, gives 260—270°; Thakur, J., 1932, 2152, gives 260—290°). 
Hiickel and Friedrich (loc. cit.) have shown that its diethyl ester yields ethyl trans-8- 
hydrindanone-«-carboxylate (X XI) with boiling sodium ethoxide and we find that the 
same cyclisation occurs readily with sodium in boiling benzene, 7.e., under the conditions 
which fail to cyclise ‘rans-1 : 2-cyclopentanediacetic ester. This shows clearly the great 
difference in flexibility between the five- and the six-membered rings. The ease of ring- 
formations of this type depends upon the facility with which the carboxyl or carbethoxyl 
groups can come within reacting distance of one another, and hence not only on the normal 
positions of these groups but upon the flexibility of the ring structures which carry them. 

cis-B-bicycloOctanone was reduced to cis-0 : 3 : 3-bicyclooctane (XXII) by the Clem- 
mensen and the Wolff method, the latter giving a rather purer product. The physical 
properties of this hydrocarbon (mean figures: b. p. 137°/760 mm.; 4?" 0-867; n° 1-459, 
see p. 950) are of interest in comparison with those of certain previously investigated 
substances. Willstatter and Kametaka (Ber., 1908, 41, 1480) isolated a saturated bromide, 
C,H,3Br, by the addition of hydrogen bromide to «-cyclooctadiene. This was converted 
into a mono-olefin, CgH,,., and a saturated dicyclic hydrocarbon, C,H,,, b. p. 140°, d* 
0-8604, and n=” 1-4615. This was formulated as either 0:3:3-, 0:1:5-, or 0:2:4- 
bicyclooctane. The fair agreement between the physical properties supports the bicyclo- 
octane structure for this substance, but the comparative ease of reduction of Willstatter’s 
hydrocarbon by nickel and hydrogen (oc. cit.) is not paralleled in the 0 : 3 : 3-bicyclooctane 
series and it is probable that the bridge is in one of the other positions. 

The bicyclooctane of Vossen described by Schroeter (loc. cit.) was prepared by a method 
which affords no proof of structure. The high density of his hydrocarbon indicates that 
it could not have been a pure bicyclooctane; if it had had the ¢rvans-configuration, the 
density would have been lower than that of the cis-isomeride.* 

It was next necessary to establish the configuration of the two forms of 8-bicyclo- 
octanone by oxidation, which was expected to yield the cis- and the ¢rans-form of cyclo- 


* Of other substances containing the bicyclooctane system, the acids of Wieland and the recent 
synthetic products of Ruzicka, which are both derivatives of a-bicyclooctanone, are discussed in Part II. 
Zelinski and Turowa-Pollak (Ber., 1925, 58, 1292) attribute the dimethylbicyclooctane structure to the 
product of the isomerisation of decalin by aluminium bromide. This reaction has been reinvestigated 
with results to be reported shortly. 
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pentane-1-carboxy-2-acetic acid (XXIII and XXIV). These acids were easily synthesised 
for reference as follows: Ethyl cyclopentane-l-carboxylate-2-cyanoacetate (XXYV), 
prepared by catalytic reduction of the corresponding unsaturated ester (Kon and Nanjji, 
J., 1932, 2426), was hydrolysed to a dicarboxylic acid, CgH,,0,, m. p. 89°. This on treat- 
ment with hydrochloric acid at 180° was converted into an isomeric acid, m. p. 66°. The 
latter is therefore given the /vans- (XXIV), the former the c7s- (XXIII), configuration. 
The further study of these acids is described in Part IIT. 


——CO,Et 7—CO,Et 7—CO,H 7-CO.,H 
< | —> | —> < | — < 
—'—CH(CN)-CO,Et 7—CH(CN)-CO,Et —CH,°CO,H ~CH,°CO,H 
(XXV.) (X XIII.) (XXIV.) 

When cis-8-bicyclooctanone, regenerated from the semicarbazone, was oxidised with 
potassium permanganate in acetone, a good yield of cis-cyclopentane-l-carboxy-2-acetic 
acid was obtained, the acid being identical with that prepared synthetically. The regener- 
ated /vans-ketone reacted more slowly under the same conditions to yield an oily product, 
which slowly deposited the same cis-acid in small quantity. A repetition of this experiment 
gave the same result. Such a change of configuration in the course of an oxidation is 
unusual but not unprecedented. Santene, which must contain two rings fused in the cis- 
positions, yields ¢rans-cyclopentanedicarboxylic acid on complete oxidation (Semmler and 
Bartelt, Ber., 1908, 41, 128, 381, 867) and d-A®-carene (cis-) gives /-trans-caronic acid on 
oxidation with chromic acid (Gibson and Simonsen, J., 1929, 305). The results of oxid- 
ation cannot be taken as opposing the /vans-configuration for the ketone of semicarbazone, 
m. p. 251°. Further experimental work on this point is in hand. The present evidence 
for the configuration of these and other bicyclooctanes is summarised in the next paper. 

Among various abortive syntheses may be mentioned the following: the ethyl ester 
of (XXIII) failed to yield a bdicyclooctanedionedicarboxylic ester by the action of oxalic 
ester under Komppa’s conditions, neither did it give any appreciable amount of bicyclo- 
octanedione on treatment with potassium in xylene (Kon, J., 1922, 121, 513). cyclo- 
Pentanone-2-carboxylic ester did not react with ethyl succinate in the manner suggested 
by Stobbe’s condensation with cyclopentanone itself. 


EXPERIMENTAL. 


1. Preparations from Ethyl cycloPentanone-2-acetate.—Ethyl cyclopentanone-2-carboxylate, 
required in large quantities for this research, was prepared by the following improvement of 
the ordinary Dieckmann method. Ethyl adipate (606 g.) and molecular sodium (100 g., 50% 
excess) were boiled with 2-5 1. of benzene and 5 c.c. of absolute alcohol. Reaction commenced 
immediately and ended after 12 hours (steam-bath). The soft cake of the sodio-compound 
was decomposed with ice and dilute acid, and the keto-ester (402 g.) isolated, b. p. 102°/11 mm. 
(yield, 86%). The highest yield previously recorded is 70—80% (Dobson, Ferns, and Perkin, 
J., 1909, 95, 2015). [The use of 100% excess of sodium raised the yield to 90%, but was 
disadvantageous, as some sodium was apt to be left unattacked. When twice the above 
quantities of ester and sodium were used in the same amount of benzene, the sodio-compound 
was inconveniently hard. The trace of alcohol eliminates the period of induction.] 

Ethyl cyclopentanone-2-carboxylate-2-acetate. K6étz (Annalen, 1906, 350, 235) prepared this 
compound in 78% yield from ethyl sodiocyclopentanonecarboxylate and ethyl bromoacetate 
in alcohol. We found it difficult to obtain steady yields by this process owing to ring fission 
to B-carbethoxypimelic ester, particularly when ethyl chloroacetate was used in place of the 
bromo-ester. Substitution of molecular sodium in benzene for sodium ethoxide gave repeatable 
yields of 75% of the required ester (peak yield, 85%) from either ethyl chloroacetate or bromo- 
acetate. For instance, 69 g. of molecular sodium in 2-5 1. of benzene were refluxed with 468 g. 
of ethyl cyclopentanonecarboxylate until no more hydrogen was evolved (2 hours); 404 g. 
of ethyl chloroacetate were then added and the mixture was heated (steam-bath) for some 
90 minutes until an even suspension was obtained and then for a further 3 hours. The product 
was worked up in the usual manner, the crude ester, b. p. 150—180°/22 mm., being hydrolysed 
with 2 vols. of boiling concentrated hydrochloric acid. Hydrolysis was complete in 1 hour, 
and 5 hours more were required for decarboxylation. After removal of the mineral acid under 
reduced pressure, cyclopentanone-2-acetic acid (V; R = H) distilled at 170—180°/5 mm. as 
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an oil which soon solidified. Yield 87%, m. p. (crude) 52°; 53° after crystallisation from light 
petroleum (Kotz, Joc. cit., gives 50—51°). 

The solid acid was esterified over-night at room temperature with 3 parts of alcohol satur- 
ated with hydrogen chloride, the ethyl ester being obtained in 90% yield, b. p. 123°/13 mm. The 
same product could be obtained from the crude undistilled acid, the yield then being 75—85% 
of the original dicarboxylic ester. The semicarbazone melted at 174°, in agreement with Kotz. 

(a) Cyanoacetic acid condensation. Reaction between the ester and cyanoacetic ester in 
the presence of a little piperidine (3—4 days at room temperature, 1 hour on steam-bath) 
gave yields of 10—35% of condensation product, the remainder of the reagents being recovered 
quantitatively. The use of potassium ethoxide gave steady yields of 35%, but the recovery 
of reagents was not so good. The keto-ester (170 g.) was added at 0° with shaking to a 
suspension of potassiocyanoacetic ester from 113 g. of cyanoacetic ester and 39 g. of potassium 
in 500 c.c. of alcohol (calcium-dried). After a week at room temperature, the product was 
added to ice and an excess of dilute acid. The ester was taken up in ether and washed with 
sodium bicarbonate (essential). After removal of ether from the dried solution the residue 
was distilled; 30—40% of the initial materials were first recovered, followed by ethyl cyclo- 
pentylidenecyanoacetate-2-acetate (XII), which distilled over the range 180—205°/5 mm. The 
b. p. was not much sharpened by redistillation and the product was presumably contaminated 
with isomeric material.* Yield 93 g., d%° 1-111, nj” 1-4883 (Found: C, 63-6; H, 7-4. 
C,4HyO,N requires C, 63-4; H, 7-2%). 

The ester was added to its own weight of amalgamated aluminium foil covered with moist 
ether, and the mixture left for 3 days after the end of the initial vigorous reaction. The product 
was filtered off, the alumina extracted with boiling ether, and the combined ethereal solutions 
washed with sodium bicarbonate solution, dried, and distilled. The product (70% yield) was 
. still slightly unsaturated. Alternatively, the unsaturated ester in alcohol was shaken for 2 
days with 2% of platinum oxide (Adams) in an atmosphere of hydrogen, absorption being 
theoretical. Unlike the parent unsaturated ester, ethyl cis-cyclopentane-1-cyanoacetate-2-acetate 
(XIII) boiled constantly at 170—173°/5 mm. It had d?% 1-0815, nB” 1-4623, [Rz]p 67-91 (calc., 
67:78), and was saturated to the usual reagents [Found (catalytic reduction): C, 63-0; H, 8-0; 
(aluminium amalgam reduction) C, 63-0; H, 7-8. C,,H,,O,N requires C, 62-9; H, 7-9%]. 

The reduced ester (83 g.) was boiled under reflux with concentrated hydrochloric acid 
(250 c.c.) for 10 hours and then distilled in steam. Ether extraction of the distillate yielded 
3-1 g. (8%) of crude cis-B-bicyclooctanone, b. p. 75—80°/11 mm. (semicarbazone, m. p. 185— 
187°). The non-volatile portion was evaporated to dryness under reduced pressure, and the 
residue dissolved in sodium bicarbonate solution and extracted with ether. The acid, isolated 
from the bicarbonate solution by acidification and constant ether extraction, melted at 165° 
after draining on a tile (42-3 g., 73%), and at 173° after several crystallisations from water. 

cis-cycloPentane-1 : 2-diacetic acid (II1; R = H) is readily soluble in cold alcohol and hot 
water, moderately soluble in boiling benzene, and sparingly soluble in cold water or benzene. 
It crystallises in single needles from dilute solutions or wheatsheaf-like clusters from concen- 
trated solutions and is saturated to permanganate and bromine [Found : C, 58-0, 58-2; H, 7-4, 
7-6; equiv., 93-0, 92-9. C,H,,O, requires C, 58-0; H, 7-6%; equiv. (dibasic), 93-1]. The 
silver salt is insoluble in water (Found: Ag, 53-9. C,H,,0,Ag, requires Ag, 54-0%). 

(b) Reformatski reaction. The action of ethyl bromoacetate (or chloroacetate) and zinc 
(or magnesium) on ethyl cyclopentanone-2-acetate was examined under the conditions summar- 
ised below. In all the experiments the product was washed with alkali before being freed from 
solvent and distilled. The yields given are those of ester, b. p. 170°/20 mm.—180°/5 mm. 
The quantities employed were: 57 g. of keto-ester, 62 g. of ethyl bromoacetate (10% excess), 
35 g. of zinc (50% excess), and 100 c.c. of dry solvent, except in experiment 6, where a 50% 
excess of bromo-ester and 100% excess of zinc were employed, and in experiment 7. 


Expt. Solvent. Conditions. Yield. 

Xylene 1 Hour at b.p. after vigorous reaction 6 g., 7% 

Toluene as 10°4 g., 12% 
Benzene i 13°0 g., 15% 
Toluene 10 Mins. 15°6 g., 18% 
Benzene = 19°9 g., 23% 
Benzene i a - ‘ 23°2 g., 27% 
Benzene and equivalent amounts of Mg and CH,CI-CO,Et 11°3 g., 138% 





* The reaction with piperidine as condensing agent has since been improved by Mr. J. Barrett, and 
the ester obtained as a solid. 
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After redistillation, ethyl cyclopentanol-1 : 2-diacetate (VII) boiled at 143—144°/4 mm.; d%” 
1-1170, ni” 1-4678, [Rz]p 64-22 (calc., 64-87) (Found: C, 60-7, 60-9; H, 8-3, 8-5. C,;H,,O; 
requires C, 60-5; H, 8-6%). The alkali-soluble material isolated by acidification (140 g.) gave 
on esterification mainly a product, b. p. 215—220°/3 mm. 

Ethyl cyclopentanol-1 : 2-diacetate was dehydrated with phosphoric oxide or, better, 
by Darzens’ method. The ester (41 g.) in 27-5 c.c. of pyridine and 100 c.c. of dry ether was 
treated below 5° with 12 c.c. of thionyl chloride. After 2 hours at room temperature the 
product yielded (a) 5-8 g., b. p. 120—130°/3 mm., (b) 3-8 g., b. p. 130—140°/3 mm., and 
(c) 22-5 g., b. p. 140—160°/3 mm. _ By fractional distillation of (a) and (b) the following two 
products were isolated, both of which were mixtures of unsaturated esters, C,H 0, : 


B.p./3 mm. dy . nip « [Rz]p (calc. 61:14). 
(1) 126—128° 1-0815 1:4876 61°68 
(2) 134—137 1:0795 1-4680 61-84 


[Found: (fraction 1) C, 64-7; H, 8-1; (fraction 2) C, 64-8; H, 8-2. Cy ,,;H.».O, requires 
C, 65-0; H, 82%]. 

From fraction (c) there was isolated a liquid, b. p. 166°/6 mm., da” 1-1430, np” 1-4737, 
which reacted only slowly with bromine or permanganate, could not be reduced catalytically, 
and was soluble in cold dilute alkali solution. It was probably the Jactone of cyclopentanol-1- 
acetic ester-2-acetic acid (IX) (Found: C, 61-7; H, 7-7. C,,H,gO, requires C, 62-3; H, 7-6%. 
[Rz]p found, 52-1; calc., 51-8). 

The unsaturated ester fractions (1) and (2) were hydrolysed separately with alcoholic potash. 
The acid from (1), m. p. 155—160° (crude), formed small granular crystals, m. p. 169—172° 
(slight decomp.), from water and was obviously a mixture of isomeric unsaturated acids (Found : 
C, 58-8; H, 6-5. C,H,,O, requires C, 58-7; H, 6-6%). The acid from (2) gave a solid acid 
contaminated with oil. The drained solid melted at 160° (crude) and after a few crystallis- 
ations from water yielded cyclopentylideneacetic acid-2-acetic acid (X), m. p. 179° (sharp, no 
decomp.) (Found : C, 58-6, 58-4; H, 6-5, 6-4. C,H,,O, requires C, 58-7; H, 6-6%). 

2 G. of the acid of m. p. 179° were reduced (alcohol, Adams’s PtO,), hydrogen being rapidly 
absorbed up to the theoretical amount for one double bond. The saturated acid first separated 
as prisms, m. p. 162°, and after 5 crystallisations melted at 173° alone or mixed with cis-cyclo- 
pentane-1 : 2-diacetic acid prepared by the cyanoacetic ester process. The acid obtained by 
reduction of the unsaturated acid of m. p. 169—172° was exhaustively crystallised, but no pure 
diacetic acid could be separated from it. 

Another sample of the unsaturated ester obtained by dehydration of the Reformatski 
product was reduced catalytically to ethyl cis- and trans-cyclopentane-1 : 2-diacetates, b. p. 
122°/3 mm., nj” 1-4514 (the pure cis-ester has nj’ 1-4521) (Found: C, 64-7; H, 9-3. Calc.: 
C, 64-4; H, 9-2%). The acid obtained on hydrolysis yield no pure diacetic acid on careful 
crystallisation (but see p. 945). 

2. Preparation from the Lactone of cycloPentanol-2-acetic Acid (V1).—Syntheses of the lactone. 
(a) In quantity by the Reformatski reaction. For the preparation of cyclopentanone from adipic 
acid, ‘‘ Organic Syntheses,” V, 37, recommends the use of mechanical stirring for quantities 
exceeding 200 g. This is unnecessary; pyrolysis of 1-5 kg. of the acid (31. flask, without stirring 
at 295—300°) has given yields (84%) larger than that reported. The yield of pure cyclopentanol- 
l-acetic ester from the ketone by the Reformatski reaction was never greater than 33%. The 
reactants (up to 4 g.-mols.) could be kept under control by working in a 5 1. flask with wide 
double-surface condensers. 621 G. of the hydroxy-ester, 725 c.c. of pyridine, and 1-5 1. of dry 
ether were dehydrated at 0° during 2 hours (mechanical stirring) with 280 c.c. of thionyl chloride. 
After a further 2 hours, 461 g. of crude A'-cyclopenteneacetic ester were isolated (81-5%), 
which was hydrolysed to the acid (XIV) (compare Kon and Linstead, J., 1925, 127, 616; Kon 
and Nargund, J., 1932, 2461). The crude acid was lactonised with 4 vols. of 60% (vol.) 
sulphuric acid for 20 minutes at 90°. The cold product was poured on ice, saturated with 
ammonium sulphate, and extracted with ether (Linstead, J., 1932, 115). The lactone boiled 
constantly at 124°/17 mm.; yield 78%, 7.e., 64% of the hydroxy-ester. The lactone could also 
be made directly from the hydroxy-ester by treatment with boiling dilute sulphuric acid, but 
the yields were less satisfactory (35—50%). 

(b) Ethyl cyclopentylidenecyanoacetate (Harding and Haworth, J., 1910, 97, 489) gave a 
poor yield of lactone on treatment with hydrochloric acid or with a mixture of sulphuric and 


acetic acids at the boiling point. 
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(c) From cyclopentadiene. 25 G. of the diene were converted by Noller and Adams’s method 
(loc. cit.) through A*-cyclopentenylmalonic acid, m. p. 148°, into 10-7 g. of A®-cyclopentenylacetic 
acid, b. p. 107—110°/13 mm. On treatment with 4 vols. of 60% sulphuric acid (by vol.) at 
90° for 20 minutes, this yielded 5-8 g. of lactone, b. p. 120—121°/12 mm. 

(a) From cyclopenianone-2-acetic acid. 71 G. of the keto-acid (p. 940) in 250 c.c. of water 
and 20 g. of caustic soda were reduced with 1-5 kg. of 5% sodium amalgam, added in ten 
approximately equal portions during 5 days, the mixture being kept faintly acid with hydro- 
chloric acid. After a further week’s standing, the solution was acidified and boiled, and the 
lactone extracted with ether and freed from acids with sodium bicarbonate. Yield 18 g. (28%), 
b. p. 115—116°/10 mm. A little unchanged keto-acid was recovered, but the bulk of the 
acid product was polymeric. A small amount of lactone was also obtained by catalytic 
reduction (platinum) of the keto-acid in ethereal solution, but the reaction was very slow 
(compare Schuette and Thomas, J. Amer. Chem. Soc., 1930, 52, 3010). 

Catalytic reduction of the ester of the keto-acid was attempted without success (i) in alcohol, 
ether, and acetic acid at atmospheric temperature and pressure, and (ii) at 110° and 2-5 
atmospheres, with amyl alcohol and also without solvent. When the keto-ester was treated 
with sodium and dry alcohol, and the product acidified with dry hydrogen chloride, only 
polymeric products were obtained. 

The lactone of cyclopenianol-2-acetic acid (V1) was obtained by these methods as a colourless 
mobile oil with a lactonic odour; it was appreciably soluble in water, completely soluble in 
caustic soda, and boiled constantly at 130°/20 mm. or 98°/4 mm. (Found: C, 66-3, 66-5; 
H, 8-1, 8-1. C,H O, requires C, 66-6; H, 8-0%). It contained no free acid; the equivalent 
by back-titration was 128-2 (calc., 126-1). The physical properties of the various preparations 
are given below : 


Method a. 
ae 1/116 
np 1:473 


From (a), [Rz]p = 31-70 (calc., 31-58). 

Preparation of trans-cyclopentane-1 : 2-diacetic acid. The lactone (126 g.) was added to 
phosphorus pentabromide from 135 c.c. of the tribromide (excess) and 55 c.c. of bromine. 
The mixture was warmed (steam-bath, shaking) until a vigorous reaction set in and then for a 
further 30 minutes. The product was poured into 200 c.c. of alcohol, cooled, and shaken with 
ice and water. The aqueous layer was separated from the heavy oil and extracted with ethyl 
bromide ; the extract was added to the oil, and the whole washed with excess of ice-cold aqueous 
caustic potash. This removed unreacted lactone but did not affect the bromo-ester. After 
recovery of the ethyl bromide the residual oil was carefully fractionated to separate the mono- 
bromo-ester (139 g., b. p. 128—132°/20 mm.; 60%) from some (?) dibrominated material (b. p. 
130°/7 mm., 10 g.). , 

An ice-cold solution of the lactone (31-5 g.) in absolute alcohol (100 c.c.) was saturated with 
hydrogen bromide (ca. 200 g.). After 15 hours at 0° the product was poured into water and 
worked up exactly as in the process described above. In both processes more ethyl bromide 
was recovered than had been used to extract the aqueous layers. The yield of bromo-ester 
was 43 g. (73%), b. p. 125°/15 mm., and there was no high fraction. Ethyl 2-bromocyclopentane- 
acetate (? cis and trams) has a very persistent, sweet smell [Found : (PBr, method) Br, 34-2; 
(HBr method) Br, 34-0. C,H,,0,Br requires Br, 34-0%]. It decomposes slowly at room 
temperature, readily at the boiling point under atmospheric pressure, into the parent lactone, 
ethyl cyclopentenylacetate, ethyl bromide, and hydrogen bromide. 

The condensation of the bromo-ester and ethyl sodiomalonate was examined with the 
results summarised below. The products were worked up as usual; the low fractions con- 
tained malonic and A'-cyclopentenylacetic esters, but no bromo-ester unless the condensation 
was carried out at 20°. The yields stated are those of crude high-boiling ester, b. p. 160°/15 
mm.—210°/5 mm. (M = malonic ester, B = bromo-ester). 

(1) 2-3 G. of sodium in 100 c.c. of absolute alcohol treated with 16 g. of M and then with 
23-5 g.of B; 10hoursatb.p. Yield 5-4g.,17%. (2) 2-3 G. of molecular sodium treated with 
4-6 g. of dry alcohol in dry ether, 16 g. of M added, and then 23-5 g. of Bin 100 c.c. of xylene; 
after the ether had been boiled off, the mixture was refluxed for 6 hours; yield 6-9 g., 22%. 
(3) As (2), but the sodiomalonate was made in xylene from molecular sodium; yield 9-5 g., 
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30%. (4) As (3), but 2 mols. of M being used; yield 13-5 g., 43%. (5) As (3), but 4 mols. of 
M being used; yield 14:8 g.,47%. (6) As (5) at room temperature for a week; no high-boiling 
product was found and the bromo-ester was recovered quantitatively. (7) As (6), potassium 
being used, the result being the same. (8) Poorer yields were also obtained by the use of 
benzene in place of xylene. 

Redistillation of the various products separately gave a main fraction, b. p. 174°/5 mm., 
for which the following analyses were obtained : 


Preparation No. 4. 5. 8. 

%C 62°0 61-7 60°9, 61-2 

%H 73 7°3 71, 7:2 
(Cy gH,.O, requires C, 61-1; H, 8-3%). When the ester irom (5) was shaken with 10% potash 
solution, ethyl cyclopentane-1-acetate-2-malonaie, still not quite pure, was recovered. Found : 
C, 61-5; H, 7-5%. [These figures are very near those required for an unsaturated ester 
(C,gH,,O, requires C, 61-5; H, 7-8%), a formulation which would agree with the ease with 
which the side chain is eliminated but not with the method of formation.] The potash solution 
yielded 3% of a y-acidic product, m. p. 94°, leaflets from benzene—petroleum [Found (micro) : 
C, 52-6, 52-4; H, 5-9, 5-6%]. This compound was free from halogen, gave a brown colour 
with ferric chloride, and decolorised bromine : its constitution is unknown. 

The acetic-malonic ester was boiled with concentrated hydrochloric acid (10 vols.) for 6 
hours, the acid being allowed to distil over slowly (A). The residual solution was filtered 
from tarry matter and evaporated to dryness; a poor yield of diacetic acid remained, m. p. 
130° after being drained, 132° after several crystallisations. It was sometimes necessary to 
complete the decarboxylation by heating the crude hydrolysis product at 180° for a few minutes, 
trans-cycloPentane-1 : 2-diacetic acid (IV; R = H) forms clusters of short transparent prisms 
from water or dilute alcohol, cubes from benzene. It is sparingly soluble in water and hydro- 
carbons, and stable to bromine and permanganate [Found : C, 57-9, 57-8; H, 7-4, 7-6; equiv., 
92-6, 93-3, 93-5. C,H,,O, requires C, 58-0; H, 7-6%; equiv. (dibasic), 93-1]. On one occasion 
a sample of an acid, m. p. 137°, was obtained. This may be the true m. p., but no subsequent 
preparation has been obtained melting above 132° after many crystallisations. No second acid 
could be isolated. 

The distillate obtained during the hydrolysis (at A above) was redistilled ; the first runnings 
yielded no semicarbazone. The residue was separated in the usual manner into acidic and 
y-acidic fractions. The acid fraction contained acetic acid (p-bromophenacy] ester, m. p. and 
mixed m. p. 85°). The ¢-acidic fraction yielded the original lactone of cyclopentanol-2-acetic 
acid, b, p. 130°/20 mm., nj” 1-475. 

The yield ot the trans-diacetic acid was variable but always low, the best being 2-0 g. of 
acid from 12 g. of acetic-malonic ester, but frequently practically none could be isolated. We 
have been unable to trace the reason for this variation. 

3. Formation of bicycloOctane Derivatives.—(i) cis-Ketone from cis-acid. A mixture of 
cis-cyclopentane-1 : 2-diacetic acid (21-2 g., m. p. 169—170°) and 0-15 g. of baryta was gently 
heated in an open beaker up to 225°, and the molten mass poured into a 50 c.c. flask (mechanical 
loss due to bulky apparatus was thus diminished). The mixture was heated (air-bath) to 
270°, the ketone then being first evolved. Reaction proceeded smoothly at 280° and was 
completed at 310°. The distillate was washed with alkali and fractionated, 9-6 g. (70%) of 
ketone passing over at 78°/10 mm. This was converted into semicarbazone (almost theoretical 
yield), which was systematically crystallised from alcohol; a small amount of a higher-melting, 
less soluble semicarbazone having been eliminated, the pure semicarbazone of cis-B-bicyclo- 
octanone was obtained as beautiful, transparent, prismatic needles, m. p. 197—198° (Found : 
C, 59-2, 59-4; H, 8-4, 8-5; N, 23-2. C,H,,ON, requires C, 59-6; H, 8-3; N, 23-3%). On 
distillation with.an excess of aqueous oxalic acid, this regenerated cis-8-bicyclooctanone (1) 
in almost theoretical yield; b. p. 78°/10 mm., di®° 1-0084, nj?" 1-4799, [Rz]p 34-96 (calc., 34-76) 
(Found : C, 77-1; H, 9-8. C,H,,0 requires C, 77-4; H, 9-8%). The substance has a pleasant 
ketonic odour and is saturated to the usual reagents. 

(ii) cis-Ketone from cis-ester. The cis-diacetic acid (3-3 g., m. p. 172°) was converted via 
the silver salt into the diethyl ester (II1; R = Et) (3-2 g.), b. p. 160°/17 mm., di}* 1-0323, nj} 
1-4521, [Rz]p 63-28 (calc., 63-34) (Found: C, 64:3; H, 9-1. C,,;H,,0O, requires C, 64-4; 
H, 9-2%). 2-70 G. of this were boiled over-night with 0-45 g. of molecular sodium in 265 c.c. 
of dry benzene. The product was cooled, poured on ice, and extracted with 5% caustic potash 
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solution. The unchanged ester in the benzene layer was hydrolysed to the pure cis-acid, 
m. p. 171—172°. The alkaline solution was acidified and extracted with ether; the extract 
was washed with sodium bicarbonate solution, dried, and distilled; 1-32 g. of ethyl cis-bicyclo- 
octan-2-one-1-carboxylate (XX) were thus obtained over the range 134—138°/17 mm. (b. p. 
136°/17 mm.). The ester smelled like ethyl cyclopentanone-2-carboxylate, gave an intense 
dark blue colour with ferric chloride, and had dj 1-0791, nj§° 1-4845, whence [Rz]p 52-01 (calc. 
for keto-form 50-26, for enol-form, 51-31) (Found : C, 67-1; H, 8-2. C,,H 0, requires C, 67-3; 
H, 8-2%). 

0-6 G. of the keto-ester was hydrolysed with 20 c.c. of boiling concentrated hydrochloric 
acid for 3 hours, 15 c.c. of liquid being allowed to distil over. This yielded 0-26 g. (45%) of 
cis-B-bicyclooctanonesemicarbazone, m. p. (crude) 196°, (recryst.) 197—-198°. Another equal 
quantity of keto-ester was hydrolysed similarly with 0-5 g. of caustic potash in 10 c.c. of water, 
The products were the cis-ketone (semicarbazone, m. p. 197—198°) and cis-cyclopentanediacetic 
acid, m. p. 173° alone or mixed with an authentic sample. 

(iii) trans-Ketone from trans-acid. 2-4 G. of trans-cyclopentane-1 : 2-diacetic acid (m. p. 
130—131°) were heated with 0-1 g. of baryta. The ketone, which was freely evolved at about 
340°, was isolated in the same manner as the cis-isomeride (0-7 g., b. p. 190°/756 mm.). A 
similar experiment with 0-71 g. of the tvans-acid, m. p. 137°, yielded 0-22 g. of ketone, b. p. 
74°/18 mm. The semicarbazone of trans-B-bicyclooctanone (II) was readily formed in almost 
quantitative yield. It was sparingly soluble in boiling alcohol and also much less soluble in 
benzene than the cis-isomeride, The crude semicarbazone, m. p. 238°, was boiled with successive 
small quantities of alcohol, the m. p. rising to a steady value of 251°. The substance then 
crystallised from dilute acetic acid or boiling absolute alcohol in clusters of small needles 
[Found (micro): C, 59-8; H, 8-5; N, 23-4. C,H,,ON, requires C, 59-6; H, 8-3; N, 23-3%]. 
The ketone was regenerated from the semicarbazone as a colourless oil witha coarser odour 
than that of the cis-ketone. ' 

(iv) Fractional ketonisation of mixed acids. 2-9 G. of mixed cis- and tvans-diacetic acids 
(p. 942) were heated with 0-2 g. of baryta first at 270—290° and then at 310° for 30 minutes. 
The ketone evolved (0-38 g., 20%) gave a semicarbazone, m. p. 192—196°. The temperature 
was then raised; reaction recommenced at 325° and was completed at 370°. 0-33 G. of ketone 
isolated from the second distillate gave a semicarbazone, m. p. 245° after two washings with 
a little boiling alcohol. After crystallisation from dilute acetic acid and another washing with 
boiling alcohol the product had m. p. 250° and did not depress the m. p. of the éans- 
semicarbazone. 

(v) Selective ring closure of mixed esters. 3-3 G. of mixed cis- and trans-cyclopentane-l : 2- 
diacetic esters (p. 942) were boiled over-night with 0-4 g of molecular sodium in 25 c.c. of 
benzene. The product was separated, as described under (ii) above, into a keto-ester and 
uncyclised dibasic ester. The keto-ester was hydrolysed by alkali into cis-f-bicyclooctanone 
(semicarbazone, m. p. and mixed m. p. 196—197°) and cis-cyclopentane-1 : 2-diacetic acid (m. p. 
and mixed m. p. 171—172°). The uncyclised ester was hydrolysed to tvans-cyclopentane-1 : 2- 
diacetic acid (m. p. and mixed m. p. 131—132°). 

4. Reactions of B-bicyclooctanones. (a) Reduction of the cis-B-ketone. The Clemmensen 
reduction was conveniently carried out in an all-glass apparatus comprising a flask fitted with a 
wide side-tube inclined at 45°. A gas-delivery tube fitted with a safety bulb was led by means 
of a ground-glass joint through the main neck to the bottom of the flask. The side-neck 
was fitted by a ground-glass joint to a condenser bent at right angles so that it could be 
used either for reflux, or, by swivelling the joint, for downward distillation. The ketone 
was added to a mixture of amalgamated zinc, hydrochloric acid, and acetic acid in the 
flask, and hydrogen chloride was passed in from time to time through the delivery tube. In 
this apparatus ¢rans-B-decalone yielded 75% of pure trans-decalin (d%° 0-8718) and a little 
trans-B-decalol. 

5-7 G. of cis-B-bicyclooctanone were reduced with 70 g. of amalgamated zinc, 50 c.c. of glacial 
acetic acid, and 25 c.c. of concentrated hydrochloric acid. The mixture was refluxed gently 
with occasional passage of hydrogen chloride and after 8 hours the condenser was turned round 
and the hydrocarbon distilled over. A trace of ketone was removed with bisulphite and the 
hydrocarbon was refluxed over sodium and distilled over fresh sodium. 

The following modified Wolff reduction was kindly carried out by Mr. A. H. Cook. 

cis-B-bicycloOctanonesemicarbazone (m. p. 194—195°, 3-2 g.) was heated with a solution 
of 1-5 g. of sodium in 15 c.c. of alcohol and 0-5 g. of palladised barium sulphate. The alcohol 
was distilled off, and the residue heated at 200° for 2} hours. The distillate was extracted with 
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light petroleum, washed with dilute acid, dried, and distilled. Yield, 1-2 g. (60%) of colourless 
hydrocarbon, b. p. 137—138°, which was redistilled over sodium. 

cis-0 : 3 : 3-bicycloOctane had a dull but characteristic smell and was saturated to the usual 
reagents. The physical properties of the two samples (compare p. 950) were : 


Method. B.p./mm. dy. Mp. t. (Rzlp. 
Clemmensen 136°/761 0°8687 14649 20° 35°04 
137°5/748 08702 1:4609 16-2 34°71 


[Found : (Clemmensen product) C, 87-0; H, 13-0. C,H,, requires C, 87-2; H, 12-8%]. 

(6) Regenerated cis-B-bicyclooctanone (1-90 g.) was added to a solution of potassium 
permanganate (4-85 g.) in 250 c.c. of water and 50 c.c. of acetone. The mixture was shaken 
mechanically for 36 hours, the acetone removed in steam, and the residue acidified, cleared 
with sulphur dioxide, and exhaustively extracted with ether. The extract was shaken with 
sodium bicarbonate solution, and the acid recovered (1-20 g., solidifying rapidly). After being 
pressed on a tile, it was crystallised by passing hydrogen chloride into its aqueous solution. 
The acid melted at 89° alone and at 90—91° when mixed with cis-cyclopentane-1-carboxy-2- 
acetic acid (below). 

(c) 0-33 G. of the pure semicarbazone of trans-B-bicyclooctanone (m. p. 251°) was distilled 
with oxalic acid and the first 25 c.c. of distillate were treated with 25 c.c. of acetone and 0-55 g. 
of potassium permanganate in 25 c.c. of water. After 3 days’ shaking, the product was worked 
up as under (b) above to yield a colourless gum. After this had been kept for a long time in a 
vacuum desiccator, a small amount of a solid acid separated, m. p. 75—79° alone and 84—87° 
in admixture with cis-cyclopentane-1l-carboxy-2-acetic acid. The oxidation of the cis-B-ketone 
was repeated on the same small scale and readily yielded the pure cis-acid similar to that 
isolated in (6). 

5. Synthesis of cis- and trans-cycloPentane-1-carboxy-2-acetic Acids —Ethyl 2-carbethoxy- 
A'-cyclopentenylcyanoacetate (Kon and Nanji, Joc. cit.) was completely hydrogenated in 2 days 
(2% Adams’s PtO, catalyst, in alcohol). The yield of the reduced ester (X XV) of b. p. 158— 
163°/5 mm. was 90%. This was boiled for 4 hours with 4 vols. of concentrated hydrochloric 
acid, and the solution filtered and evaporated to dryness under reduced pressure. The acid 
was dissolved in ether and extracted with sodium bicarbonate solution, from which it was 
recovered as a gum which solidified. The solid was dissolved in a little water and saturated 
with hydrogen chloride, which liberated crystals, m. p. 87—89°. After a repetition of the 
process the pure cis-acid (XXIII) was obtained, m. p. 89° (Found: equiv., 86-3, 86-1. Calc., 
86-0. For other analytical figures, see p. 961). 2G. of this acid were heated at 180° (sealed 
tube) with 6 c.c. of concentrated hydrochloric acid for 8 hours. The solution was filtered and 
extracted with ether. The tvans-acid (XXIV) so isolated (1-49 g.) could not be crystallised 
from hydrochloric acid but formed clusters of thin needles, m. p. 68°, from light petroleum 
(see p. 960). The silvery salt separated in needles (Found: Ag, 55-8. C,H,)O,Ag, requires 
Ag, 56-0%). 


We thank the Chemical Society and the Royal Society for grants. 
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198. Fused Carbon Rings. Part II. The Synthesis of cis-a-0: 3: 3-bi- 
cycloOctanone and Related Compounds. 


By A. H. Cook and R. P. LINSTEAD. 


As was indicated in the introduction (preceding paper), the special interest of «-bicyclo- 
octanone is that the adjacence of the carbonyl group to the central bridge renders possible 
a direct interconversion of the two stereoisomeric forms (I) and (IT) which is not possible 


in the 6-ketones. 
The cis- and trans-cyclopentane-1-carboxy-2-propionic acids (III and IV) required for 
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the preparation of the «-ketones were synthesised from indene by the method indicated 


below : 
co co 
74) 4 
a) < | s < ; S aq) 
= 


VAN VN 4\ so H 7 on 
An a a 3 @ 
aig L ) | y 
(V.) (VI.) (VIL.) (VIII.) 


<1 ‘SoH 7;-CO,H 7;—-CO,H 
—> < —> —< 
1G }—CH,°CH,-CO,H 4 CH,CH,-CO,H 


(IX.) (III) (IV.) 


The most attractive methods for the conversion of indane * (hydrindene) (VI) into the 
phenol (VIII) are: (1) the reduction of 5- and 6-hydroxyindanones, themselves prepared 
(a) by ring closure of the chloride of m-methoxy-f-phenylpropionic acid or (b) from phenyl 
«-bromopropionate by molecular rearrangement and ring closure (v. Auwers and Hilliger, 
Ber., 1916, 49, 2410); (2) the nitration, reduction, and diazotisation of indane; and 
(3) the sulphonation of indane, followed by potash fusion. After preliminary experiments 
method (3) was developed to give the phenol in satisfactory quantity. 

Indane-5-sulphonic acid (VII) was readily prepared and separated from the 4-isomeride 
by a modification of Spilker’s method (Ber., 1893, 26, 1538), but in our hands the process 
of Borsche and Pommer (Ber., 1921, 54, 102) was unsatisfactory. The sodium salt of (VII) 
gave a good yield of (VIII) on fusion with potash, the product being identical with that 
of Borsche and John (Ber., 1924, 57, 656). The hydroxyl group is therefore certainly in 
position 5. Catalytic reduction of the phenol to cis-5-hydrindanol (IX) was readily effected 
with platinum in acetic acid solution. (The term cis here refers to the linking of the rings 
and not to the position of the hydroxyl group with respect to the second ring, which is 
unknown.) A small amount of cis-hydrindane, but no hydrindanone, was formed in this 
reduction. 

When this work was put in hand it was expected that the alcohol (IX) would simulate 
cis-B-decalol on oxidation and yield mainly cis-cyclopentane-1 : 2-diacetic acid (see Part I) 
and only a small amount of the isomeric carboxy-propionic acid (III). Oxidation, however, 
gave exclusively the latter product, and no trace of the diacetic acid was found, although 
its detection would have been simple owing to its comparative insolubility. The oxid- 
ation was best carried out with warm concentrated nitric acid; the hot dilute acid gave a 
poorer yield, Beckmann’s mixture formed the hydrindanone (p. 948), and potassium 
permanganate broke the molecule completely. 

The cis-configuration of the acid was shown in two ways. On treatment with hydro- 
chloric acid at 180° an isomeric acid was obtained, which is accordingly given the ¢rans- 
configuration (IV). The same change was effected by a modification of the excellent 
method of Hiickel and Goth (Ber., 1925, 58, 447), the diethyl ester of the cis-acid being 
converted into the ¢vans-isomeride by the action of potassium in ether, followed by acidific- 
ation. These configurational changes were obscured at first owing to the remarkable 
coincidence that the two acids (III and IV) melted at the same temperature and their 
dianilides behaved similarly. The acid stable to hydrochloric acid, however, depressed 
the melting point of the parent compound and also showed characteristic differences in 
solubility and crystalline form. As the two anilides also depressed each other’s melting 
points and the diethyl esters differed in physical properties, no doubt remained that the 
acids were stereoisomeric and not identical. 

The structure of these acids was practically certain from the method of formation, 


* Nomenclature following Hiickel; see p. 935. 
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from the production of a dicyclic ketone on pyrolysis { (see below), and from their non-identity 
with the diacetic acids of Part I, but in view of the fact that they had been formed by a 
destructive reaction it was considered advisable to carry out an independent synthesis 
from a cyclopentane compound. The process indicated below was first examined : 


Tor Cla TP? cre conr <E 
CO,Et —<— CO,Et” \_\cu,.CH,-CO,H CH,-CH,-CO,Ft 


“Oh )" (XI.) (XII.) 


CN CO,Et 
¢ CHyCO,Et 1 -CH,‘CO,Et 
2 2 2 2 2 2 


(XIII.) (XIV.) 


The cyanohydrin of ethyl cyclopentanone-2-8-propionate * (XII) was dehydrated to 
ethyl 1-cyano-cyclopentene-2-8-propionate (XIII), which could not be reduced by aluminium 
amalgam or catalytically. Hydrolysis of (XIII) with alcoholic acid led to the unsaturated 
ester (XIV), and a small quantity of the corresponding acid was obtained by treatment of 
(XIII) with alkali. The ester (XIV) could not be reduced satisfactorily with platinum 
and hydrogen or with aluminium amalgam, although it was unsaturated to permanganate. 
It is therefore possible that the double bond in (XITI) and (XIV) is in reality in the side 
chain, whence the compounds will be of the A®-dihydromuconic class, which are known 
to be difficult to reduce. 

In view of these difficulties it was decided to synthesise a suitable hydrindanone from 
ethyl cyclopentanonecarboxylate and oxidise it to cis-cyclopentane-l1-carboxy-2-propionic 
acid. For this purpose the method of Linstead and Meade (preceding paper) was applied 
to cyclopentanone-2-propionic ester, and cis-cyclopentane-1-acetic-2-propionic acid (XVII) 
obtained without difficulty. This acid was smoothly converted at 315—320° in the 
presence of baryta into cis-5-hydrindanone (XVIII), which was oxidised by nitric acid to 
cis-cyclopentane-l-carboxy-2-propionic acid identical with that prepared from indene. 
The connexion between the two series of compounds was consolidated by the oxidation of 
the 5-hydrindanol (IX) prepared from indene into the ketone (XVIII) identical with that 
synthesised from cyclopentanone-2-propionic ester. As far as we are aware, the identity 
of the products formed by the two routes supplies the first proof by degradation of the 
presence of the five-membered ring in indene. 


et wo nee )CO,Et >—CH(CN)-CO,Et 
ah 
CH,°CH,°CO,Et ™ -CH,° CO,Et d Lininacemsinatiin 
(XV.) (XVI) 
acid, (III) 


>—CH,CO,H até co Seer 
7 —CH,°CH,°CO,H 


oa aciq (IX) 
(XVII) (XVIIL.) 


The structure of the carboxy-propionic acids being established, we can now consider 
their conversion into dicyclic compounds. The cis-acid gave a good yield of cis-«- 
0 : 3: 3-bicyclooctanone (I) when heated with baryta at 280—290°. When its ester was 
heated with sodium in benzene, it gave ethyl cis-«-bicyclooctanone-B-carboxylate (XIX), 
which, from its physical constants and intense colour with ferric chloride, existed in the 


* We find that acids of the type of (XI) and their esters yield derivatives by substitution, such as 
hydrazones and semicarbazones, but these are not given by keto-esters of type (X). On the other 
hand, both types, and even the highly enolic ethyl cyclopentanonecarboxylate itself, yield cyanohydrins 
with ease. 
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enolic form like the isomeric $-keto-«-carboxylate (p. 945). On hydrolysis the keto-ester 
yielded cis-a-bicyclooctanone. 


it 7—CO,H 

412 ae Dame 
— 7 7—CH,°CO,H 
(XIX.) (XX.) (XXI1.) 

trans-cycloPentane-l-carboxy-2-propionic acid (IV) gave the same «-bicyclooctanone 
when heated with baryta. The yield was of the same order, but a slightly higher 
temperature (ca. 320°) was necessary to bring about the ring closure. The ketone obtained 
by both methods was the practically pure cis-isomeride : it differed very little in properties 
from material regenerated from the pure cis-semicarbazone and its derivatives separated 
in an almost pure condition. When the ester of the ¢vans-acid was submitted to the 
Dieckmann reaction, the cis-keto-ester (XIX) was formed, identical with that obtained 
from the cis-ester. This presents an instructive contrast with the /rans-diacetic ester of 
Part I, in which no change of configuration is possible and no ring closure occurs. 

trans-a-bicycloOctanone has therefore not been obtained and it appears improbable 
that it will be capable of preparation by the cyclisation of cyclopentane derivatives. 

When the semicarbazone of the cis-ketone was distilled with caustic potash, cis-bicyclo- 
octane (XX) was evolved together with nitrogen and ammonia (this modification of the 
Kishner—Wolff reaction appears to be an improvement on the customary process). 

The cis-a-ketone in both the “ crude ’’ and the regenerated condition was oxidised by 
nitric acid to cis-cyclopentane-l-carboxy-2-acetic acid (X XI) identical with that synthes- 
ised by Linstead and Meade (see also Part ITI). 

The «-bicyclooctanone series therefore resembles the «-decalone series in the fact that 
both cis- and ¢vans-monocyclic 1-carboxy-2-propionic (or -butyric) acids yield the same 
dicyclic «-ketone, but differs in that this ketone is of the cis-series, whereas with «-decalone 
the ketone has the /vans-configuration. 

It will be convenient to summarise at this stage the evidence for the configuration of 
the bicyclooctanes. No absolute determination of configuration has yet been achieved 
and the evidence is based on a number of analogies which support one another and are 
almost certainly correct. 

(1) The configuration of the two cyclopentane-l-carboxy-2-acetic acids is based on their 
relative stability to hydrochloric acid, that unstable being given the cis-structure by 
analogy with all other known acids containing a carboxyl group directly attached to the 
rings. 
(2) As this acid is formed by the oxidation of both «-bicyclooctanone (semicarbazone, 
m. p. 180°) and -bicyclooctanone (semicarbazone, m. p. 197°), these also are given the 
cis-configuration, and the same is assigned to the hydrocarbon which they both yield on 
reduction. 

(3) The third isomeric bicyclooctanone (semicarbazone, m. p. 251°) is given the érans- 
$-structure from its non-identity with the above and because (a) it is a saturated dicyclic 
ketone, (b) from its method of formation it contains a cyclopentane ring with a fused ring 
in the 1:2 position, and (c) it is a B-ketone because it is not readily isomerised into 
a cis-form. 

(4) Catalytic reduction (platinum) of 2-carbethoxycyclopentenylcyanoacetic ester 
yields a product undoubtedly having the cis-configuration, because it is hydrolysable to 
the cis-1 : 2-carboxy-acetic acid. Hence it is reasonable to suppose that other 2-substituted 
cyanoacetic esters will be reduced to cis-1 : 2-cyclopentane derivatives. This leads to 
configurations for the cyclopentanediacetic acids and §-bicyclooctanones in agreement 
with those deduced above. It also leads to a cis-configuration for the cyclopentaneacetic- 
propionic acid and the derived 5-hydrindanone described on p. 948. 

(5) By analogy with Hiickel’s results, platinum reduction of 5-hydroxyindane should 
give a cis-hydrindanol. In agreement, this alcohol is oxidised to the 5-hydrindanone 
for which the c7s-configuration is deduced in (4) above. 
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(6) The ease of formation of ketones from all four of the 1 : 2-adipic acids derived from 
cyclopentane is in agreement with these configurations. So also is the inability of the 
trans-diacetic ester to yield a cyclic keto-ester. 

Physical Constants of bicycloOctane Derivatives.—The samples of bicyclooctane prepared 
from the a- and the (cis-)8-ketone were almost identical in physical properties. The 
hydrocarbon was optically normal and therefore resembled cis-rather than ¢rans-decalin : 


[Rr]p 


- oe) 
Hydrocarbon. ; np. t. found. calc. EMp. 
cis-Decalin (Hiickel) ‘ 14823 20° 43°88 43°98 —0°10 
trans-Decalin (Hiickel) ‘872 1°4713 20 44°26 43°98 +0°28 
cis-bicycloOctane (ex a+) “8698 1-4614 18:1 34°76 34°75 +0°01 
cis-bicycloOctane (ex B-) 8703 14609 16°2 34°71 34°75 —0°04 


In general the physical constants of the ketones also support the configurations assigned 
above. The densities * of all cis-dicyclic ketones (tabulated below) are greater than unity, 
whereas the densities of their ¢vans-isomerides, where known, are below 0-99. In both 
the decalone and the bdicyclooctanone series, the «-ketone is denser than the B-. Both the 
bicyclooctanones show a slight exaltation in molecular refractivity, which also appears 
in cis-2-hydrindanone and cis-5-hydrindanone. The exaltation of the known /rans-dicyclic 


ketones is, of course, greater. 
[Rz]p, 


Ketone. d's. nb. ; found. calc. EMp. 
cis-a-Decalone (Hiickel) 1:0077 14936 43°90 43°99 —0°09 
tvans-a-Decalone (Hiickel) 0°9846 1°4849 5 44:27 ie +0°28 
cis-B-Decalone (Hiickel) 1:0038 1°4927 44-02 pe +0°03 
trans-B-Decalone (Hiickel) 0°9790 1°4834 j 44°34 ie +0°35 
cis-2-Hydrindanone (Hiickel) 1-001 1°4846 p 39°51 39°37 +0°14 
trans-2-Hydrindanone (Hiickel) ... 0°9807 1-4769 39°78 “ +0°41 
cis-5-Hydrindanone (C. & L.) ...... 1-0034 1-4848 39°43 +0°06 


cis-a-bicycloOctanone (C. & L.) ... 10097 —-14790 34-91 34°76 40°15 
cis-B-bicycloOctanone (L. & M.)...  1-0084 —«:1-4799 34:96 . +0-20 


These new results have a bearing on the work of Ruzicka, de Almeida, and Brack 
(Helv. Chim. Acta, 1934, 17, 183), who cyclised both cis- and trans-hexane-1 : 3: 4: 6- 
tetracarboxylic ester with an excess of sodium in benzene to the same bicyclooctane-l : 4- 
dione-2 : 5-dicarboxylate (XXII), which was hydrolysed to bicyclooctane-1 : 4-dione 
(XXIII). The configuration of this was left uncertain, but in view of the similarity in 


CO 0 
(XXII) COE | SCO,Et < | > exxm 
CO CO 


method of formation with that of cis-«-bicyclooctanone there seems no doubt that both 
products belong to the cis-series. In agreement with this, the physical properties recorded 
for the diketone (XXIII) give by extrapolation a value at 20° for [Rz]o of 34-93, which 
is very close to that found for our cis-derivatives. (Direct comparison is possible because 
there is scarcely any difference between the Eisenlohr constants for the CO and the CH, 
group. The necessity for extrapolation is shown by the variation in the experimental 
values for [Rz]o with temperature; Joc. cit.) 

a-bicycloOctanone is the parent of the acid C,,H,.0, (XXIV) obtained by Wieland and 
Schlichting (Z. physiol. Chem., 1924, 184, 276) by the degradation of desoxycholic acid. 


* Attention may be drawn to a number of textual errors in previous papers. Hiickel (Amnalen, 
1925, 441, 20) gives dj) 1-4834 in place of nj) 1-4834 for trans-B-decalone. Kandiah (J., 1931, 947) 
gives for trans-2-hydrindanone np” 1-0021. Thakur (J., 1932, 2128) gives (Rz]p calc. for trans-f- 
decalone as 44°11 instead of 43°99 and (ibid., p. 2152) for trvans-2-hydrindanone 39°51 instead of 39°37. 
Hiickel and Friedrich (Amnalen, 1926, 451, 132) refer to “‘ cyclohexane-1-essig-2-propionsaure’’ through- 
out p. 159, whereas ‘‘ cyclohexane-1-essig-2-carbonsaure’’ is obviously intended. 
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This acid can in turn be oxidised to the important tribasic acid C,;H0, (XXV). Wieland 
and Dane have shown (Z. physiol. Chem., 1933, 216, 91) that the acid (XXV) has the 


Me Me 


Oc ; 
(XXIV,) o z~C,H,°CO,H CcO,H— Ra CO,H (XXV, 
CO,H a CcO,H— 


irans-configuration, which must therefore also be applied to the parent keto-acid (XXIV). 
Three types of ring are possible : 


M X 

Ds cS: 
Me 

(2) (o) - (c) 


It is argued that, of these, (c) is excluded, because it has no methyl group attached to C4, 
(employing the conventional numbering of the bile-acid skeleton); hence free configur- 
ational change is possible, so that the keto-acid (XXIV) would be cis. It is similarly 
assumed that an a-bicyclooctanone would not be isolated in the ¢vans-form unless the 
bridge carried .a methyl group on the carbon atom adjoining the keto-group to prevent 
enolisation and consequent change of configuration. As (XXIV) is a stable ¢rans- 
compound, type (0) is excluded and type (a) confirmed. 

The present work provides strong support for this assumption and hence for the 
structure proposed by Wieland and Dane for ring D of the bile acids. It may be pointed 
out, however, that the instability of ‘rans-«-hydrindanones is not yet conclusively estab- 
lished and that type (c) is therefore not rigidly excluded from this line of evidence. The 
same element of uncertainty also applies to Windaus’s deduction concerning the mode of 
linking of rings A and B in the cholestanes and lithobilianic acids (compare Ruzicka, 
Furter, and Thomann, Helv. Chim. Acta, 1933, 16, 327). 

The following experiments of subsidiary importance were also carried out in the course 
of the present investigations. The ring of ethyl cyclopentanone-2-carboxylate-2-propionate 
(X) was opened by sodium ethoxide to yield ethyl y-carbethoxysuberate. The corresponding 
acid on distillation with baryta yielded cyclopentanone-2-8-propionic acid and no trace of 
cycloheptanone. This, we believe, is a unique case of direct competition between the 
formation of a five- and a seven-membered ring and shows clearly that it is the 6- rather 
than the 9-carbon atom which is more accessible for cyclisation involving the 1-carbon 
atom. By the Dieckmann reaction, y-carbethoxysuberic ester yielded ethyl cyclopentanone- 
2-carboxylate-5-8-propionate, which has synthetic possibilities. 

The condensation of the cyanohydrin of ethyl cyclopentanone-2-acetate (XXVI) with 
ethylsodiocyanoacetate, following Higson and Thorpe (J., 1906, 89, 1455), wasalsoexamined 
in the hope of introducing a second acetic residue and thus synthesising a carboxylated 
1 : 2-diacetic acid and thence a 8-bicyclooctanone : 


OH CO,H 


\—L cu,-co, Et —CH,°CO,H 2 














The yield of ketone obtained by this process was very small; it appeared to be mainly 
lrans-B-bicyclooctanone. 


EXPERIMENTAL. 


1, Preparation of cycloPentanecarboxypropionic Acids from Indene.—Indane was prepared 
from indene by catalytic reduction over nickel (compare Goth, Ber., 1928, 61, 1459) in an 
apparatus made by Technical Research Works, Ltd. This was kindly placed at our disposal 
by Dr. J. W. Cook, to whom our thanks are due. The indene was allowed to flow over the 
catalyst at a rate of 4 drops/sec. at 170—175° under a hydrogen pressure of 150 Ib. /sq. in. 
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Reduction was complete, as the product gave only a light yellow colour with sulphuric acid 
and boiled at 176—178°. Yield, 86%. 

50 C.c. of concentrated sulphuric acid were added dropwise with shaking and cooling to an 
equal volume of indane. After 12 hours, the thick syrup was poured into 25 c.c. of water, and 
then set to a crystalline mass. This was drained and crystallised from 250 c.c. of 20% (vol.) 
sulphuric acid. The trihydrate of indane-5-sulphonic acid crystallised (m. p. 92°; yield, 80%) 
and was converted into the sodium salt, which was thoroughly dried, finally over a free flame. 

The sodium salt from 150 c.c. of indane was mixed with 5% of zinc dust (Borsche and John, 
loc. cit.) and added in small portions with gentle stirring during 20 minutes to 1 kg. of potash 
contained in a pot with a narrow neck and kept at 285°. After a further 25 minutes, the melt 
was cooled, dissolved in water, and acidified at 0° with concentrated hydrochloric acid. The 
phenol was extracted with ether (steam distillation was unnecessary), and the extract washed 
with sodium carbonate solution and dried over calcium chloride. The residue from the ether 
was distilled at 135°/21 mm. or 110°/8 mm.; a crystalline mass of 5-hydroxyindane (VIII) 
was obtained, which formed white needles (88 g.), m. p. 54—55° (lit., 56°), from light petroleum. 
The phenol gave a faint blue colour with ferric chloride and an intense magenta with warm 
concentrated sulphuric acid. The benzoyl derivative melted at 111—112° (Borsche and John 
give 106—107°). The yield was considerably less when the fusion was carried out in a wide- 
mouthed shallow pot or when no zinc was used. 

Catalytic reduction. The catalyst was prepared essentially by Adams’s method (‘‘ Organic 
Syntheses,”’ VIII, 92), but a more active product was always obtained by the use of potassium 
nitrate in place of sodium nitrate.- The glacial acetic acid used as solvent was distilled over 
permanganate, purified by freezing, and redistilled. For reductions under pressure the 
hydrogen was contained in a small steel cylinder joined by a four-way connection to the reaction 
vessel, the charging cylinder, and a stout glass capillary manometer. The pressure in the 
apparatus was calculated from the manometer readings and the relative volumes of the apparatus 
and of the closed arm of the manometer. The results of a number of reductions are tabulated 
below. In all cases the product was filtered from the catalyst, diluted with water (3 vols.), 
and neutralised with concentrated aqueous caustic soda. The reduction products were isolated 
by means of ether and separated by distillation into hydrindane, b. p. about 52°/12 mm., and 
5-hydrindanol, b. p. about 112°/15mm. Although absorption became slow after the theoretical 
quantity of hydrogen had been taken up, some unchanged phenol was always recovered 

10—15%). 
' ni Pressure in expts. 1—5, 1 atm.; in expts. 6—10, 2°8 atms. 
Hydroxy- Rate of Product (g.). 


indane Acetic acid, Catalyst, uptake, - ™ 
Expt. used, g. 6.6. g. PtO,. c.c. /hr. Hydrindane. 5-Hydrindanol. 


4:3 10 0°5 300 0-4, 1°8 
17°0 35 500 ‘7 76 
28°0 60 c.c. ether nil 
22°0 30 c.c. alcohol 200 
26°0 50 500 
20-0 25 c.c. alcohol 
30°0 30 
30-0 30 (Skita Pt) ; ail 

10 30°0 30 1000 } = -—- 
These figures show that the reduction is slowed by the use of alcohol and stopped by ether, 
but that increase of pressure, besides increasing the rate of reaction, also decreases the formation 

of hydrocarbon. The hydrindane formed boiled at 163-5—164°/768 mm., 52°/12 mm., and did 

not react with metallic sodium or with permanganate. 

cis-5-Hydrindanol (IX) was obtained as a colourless viscous liquid, b. p. 113°/15 mm., n}® 

1-4931, d2* 1:0062, [Rz]p 40-50 (calc., 40-87). It set to a crystalline mass in solid carbon 

dioxide-ether, and gave no definite colour with concentrated sulphuric acid and no trace of a 

semicarbazone (Found: C, 76-7; H, 11-4. C,H,,O requires C, 77-1; H, 11-4). A phenyl- 

urethane was formed readily from 0-7 g. of the alcohol and 0-6 g. of phenylcarbimide and yielded 
delicate needles, m. p. 121°, from benzene—petroleum (Found: C, 74:1; H, 8-2. C,,H,,O,N 

requires C, 74-1; H, 8-2%). 

Oxidation. Into 80 c.c. of concentrated nitric acid, stirred mechanically, 20 g. of 5-hydr- 

indanol were dropped so that the temperature was kept at about 40° (ca. 1 hour). After a 

further 30 minutes’ stirring, the liquid was diluted with 40 c.c. of water and concentrated to 
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75 c.c. An almost pure acid, m. p. 101°, separated from the solution over-night in rosettes of 
needles which were only slightly contaminated with a yellow nitro-compound. (This nitro- 
compound, which was obtained in larger amount if the mixture was not weli stirred, crystallised 
from alcohol in yellow needles, m. p. 153°, and dissolved in alkali with deepening of colour.) 
The mother-liquors from the acid contained much oxalic acid and little useful material. Con- 
sistent yields of 43—45% of pure acid were obtained. When the oxidation mixture was not 
diluted before evaporation, the yield was not improved and the separation was made more 
difficult; this was also true when a little mercury or ammonium vanadate was added to the 
oxidation mixture, 

cis-cycloPentane-1-carboxy-2-propionic acid (III) crystallised from water or, better, from 
hydrochloric acid in rosettes of needles, m. p. 101°, and was stable to permanganate in acid 
solution [Found: C, 58-1; H, 7-6; equiv. by titration, 93-5. C,H,,O, (dibasic) requires 
C, 58-1; H, 7-6%; equiv., 93-0]. The dianilide, prepared from the acid chloride in ether, 
crystallised from dilute alcohol in small needles, m. p. 190° (Found: C, 74:9; H, 6-9. 
C,,H,,0O,N, requires C, 75-0; H, 7:1%). The silver salt (Found: Ag, 53-6. C,H,,0,Ag, 
requires Ag, 53-9%), prepared from 12-5 g. of the acid and 24 g. of silver nitrate, gave with 30c.c. 
of ethyl iodide in 125 c.c. of ether the diethyl ester (10 g. after redistillation), b. p. 160°/20 mm., 
np * 1-4670, de® 1-0626, [Rz]p 63-10 (calc., 63-35) (Found: C, 64-2; H, 9-0. C,,;H,.O, requires 
C, 64-4; H, 9-1%). The ester regenerated the parent acid on hydrolysis. 

Conversion into the trans-form. 2G. of the cis-acid were heated for 5 hours with 6 c.c. of 
concentrated hydrochloric acid in a sealed tube at 180°. The somewhat charred product was 
washed out with water, decolorised with charcoal, and concentrated to 8 c.c.; trans-cyclo- 
pentane-1-carboxy-2-propionic acid (IV) separated ; m. p. 99° (crude), 101-5° after crystallisation 
from water or hydrochloric acid (Found: C, 58-4; H, 7-6. C,H,,O, requires C, 58-1; 
H, 7-6%). This differed from the cis-isomeride as follows : 


cis-Acid. tvans-Acid. 
Easily soluble in water. Sparingly soluble in cold water. 
Crystallises slowly from water; crystals form first Crystallises normally in the bulk of the solution. 
on the surface, often only on seeding. 
Rosettes or spherical cushions of needles, m. p. 101°. Clumps of stout needles, m. p. 101°5°. 


A mixture of the acids melted at about 80°. 

The dianilide of the trans-acid melted at 192° alone, and at 166—168° when mixed with the 
cis-dianilide (Found: C, 75-0; H, 7-0. C,,H,,0O,N, requires C, 75-0; H, 7-1%). 

3-0 G. of ethyl cis-cyclopentane-1-carboxylate-2-propionate were added drop by drop toa 
suspension of 0-5 g. of molecular potassium in 50.c.c. of dry ether. A vigorous reaction occurred, 
hydrogen was liberated, and a deep orange suspension of a potassio-compound formed. After 
15 minutes the mixture was acidified (the colour then completely disappeared), washed with 
sodium bicarbonate solution and water, and dried over sodium sulphate. Removal of the 
ether and distillation of the residue yielded the diethyl ester of trans-cyclopentane-1-carboxy- 
2-propionic acid in good yield, b. p. 161°/19 mm., n#* 1-4655, d?* 1-0540, [Rz]p 63-58 (calc., 
63-35) (Found : C, 64:3; H, 9-1. C,,;H,.O, requires C, 64-4; H, 9-1%). On being hydrolysed 
with boiling hydrochloric acid, this yielded the pure trans-acid, m. p. 101° alone or mixed with 
the tvans-acid prepared above, but 79—80° in admixture with the cis-acid. Theabove procedure 
is an improvement on the method of Hiickel and Goth (loc. cit.) based on the work of Scheibler 
and his co-workers on the formation of potassio-compounds of aliphatic esters (Ber., 1920, 53, 
388; 1925, 58, 1198). < 

2. Preparation of cis-cycloPentanecarboxypropionic Acid from Ethyl cycloPentanone-2-B- 
propionate.—208 G. of ethyl cyclopentanone-2-carboxylate were added to 31 g. of molecular 
sodium in 1-5 1. of benzene (steam-bath). After 1 hour the sodio-compound was cooled and 
slowly treated with 163 g. of ethyl 8-chloropropionate (see p. 954). After being heated for a 
further 5 hours on the steam-bath, the mixture was acidified and the benzene layer washed 
with sodium bicarbonate solution. The residue from the benzene yielded 32 g. of unchanged 
keto-ester and 240 g. (75%) of ethyl cyclopentanone-2-carboxylate-2-B-propionate (X), b. p. 
189°/18 mm., ni* 1-4563, d&* 1-1004, [Rz]p 63-33 (calc., 63-35) (Found: C, 60-8; H, 8-0. 
C,,;H.».O, requires C, 60-9; H, 7-°9%). This ester yielded no ketonic derivatives. 220 G. were 
boiled under reflux with 250 c.c. of concentrated hydrochloric acid for 9 hours. On removal 
of the mineral acid in a vacuum and cooling in ice, the residue solidified to a hard crystalline 
mass of cyclopentanone-2-8-propionic acid (XI), which could be purified by distillation or ester- 
ified direct. The pure acid boils at 175°/10 mm., distils without decomposition at atmospheric 
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pressure, and crystallises from ice-cold benzene—petroleum in hexagonal plates, m. p. 37° 
(Found: C, 61-4; H, 7-9; equiv., 157. C,H,,O, requires C, 61-5; H, 7-8%; equiv., 156). 
The semicarbazone is formed readily and crystallises from dilute acetic acid in small needles, 
m. p. 219° (slight decomp.) (Found: C, 50-7; H, 7-1. C,H,,0O,N; requires C, 50-7; H, 7-1%). 
On treatment with 2 : 4-dinitrophenylhydrazine in alcoholic sulphuric acid the acid gave the 
dinitrophenylhydrazone of the ethyl ester (see below). 

As suggested by the last result, the acid was readily esterified. The crude product from 
220 g. of (X) was dissolved in 300 c.c. of alcohol, dry hydrogen chloride passed in for 30 
minutes, ethyl cyclopentanone-2-8-propionate isolated after 12 hours, b. p. 150°/18 mm., d?* 
1-0410, nif* 1-4514, [Rz]p 47°67 (calc., 47-84). The over-all yield from (X) was 80—83% 
(Found: C, 65-2; H, 8-6. Cy H,,O0,; requires C, 65-2; H, 8-7%). Unlike the ester (X), this 
readily yielded ketonic derivatives and dissolved in concentrated hydrochloric acid with 
evolution of heat. The semicarbazone separated from dilute alcohol in long needles, m. p. 
153-5° (Found: C, 54-8; H, 7-8. C,,H,,O,N, requires C, 54-8; H, 7-9%), and the 2: 4-di- 
nitvophenylhydrazone from alcohol in long orange-yellow needles, m. p. 92-5° (Found: C, 52-5; 
H, 5-5. CygH»O,N, requires C, 52-7; H, 5-5%). 

Ethyl cyclopentanone-2-propionate (1 mol.) was warmed with sodium ethoxide (1 mol.) 
in 500 c.c. of absolute alcohol for 5 hours on the steam-bath, a quantitative yield of ethyl -y-carb- 
ethoxysuberate being obtained, b. p. 186°/9 mm. (Found: C, 59-6; H, 8-5. C,;H,,O, requires 
C, 59-6; H, 8-6%). The same ester was formed to a considerable extent in the preparation of 
(X) if ethyl B-chloropropionate was added quickly to hot ethyl sodiocyclopentanonecarboxylate. 
The ester was hydrolysed with boiling concentrated hydrochloric acid (2 vols., 4 hours), and the 
acid isolated by removal of the mineral acid under reduced pressure. y-Carboxysuberic acid 
crystallised from ethyl acetate—petroleum in clusters of stout prisms, m. p. 111° (yield, 85%). 
It was very soluble in water and organic solvents except ether, chloroform, and the hydrocarbons 
[Found : C, 49-4; H, 6-4; equiv., 72-6. C,H,,O, requires C, 49-5; H, 6-5%; equiv. (tribasic), 
72-7]. It was stable at 230°, but at 300° with 10% of baryta it yielded carbon dioxide, water, 
and pure cyclopentanone-2--propionic acid (semicarbazone, m. p. 218°). 

Ethyl carbethoxysuberate (20 g.) was refluxed with molecular sodium (2-0 g.) in benzene 
(50 c.c.) for 5 hours. After the usual treatment, 2-2 g. of ethyl cyclopentanone-2-carboxylate-5- 
propionate, b. p. 186°/20 mm., were isolated (Found: C, 60-8; H, 7-9. C,;H.».O, requires 
C, 60-9; H, 7-9%). The ester gave an intense violet colour with ferric chloride, a solid copper 
derivative, and a dinitrophenylhydrazone. 

Cyanohydrin of ethyl cyclopentanone-2-8-propionate (XII). The keto-ester together with a 
few drops of aqueous caustic potash was added to liquid hydrogen cyanide cooled in a freezing 
mixture. The mixture was left over-night, treated with a few drops of concentrated sulphuric 
acid, and distilled under reduced pressure. The cyanohydrin boiled at 154°/8 mm. or 182°/18 
mm. Yield, about 90% (Found: C, 62-7; H, 8-2. C,,H,,O,;N requires C, 62-5; H, 8-1%). 
It was dehydrated in ether—pyridine by the slow addition of thionyl chioride to ethyl A'(or A°)- 
1-cyanocyclopentene-2-B-propionate (XIII), b. p. 173°/17 mm., yield 75—80% (Found : C, 68-5; 
H, 7-7. C,,H,,0,N requires C, 68-4; H, 7:8%). This was hydrolysed with boiling 10% 
aqueous potash (3 mols.) for 30 hours to cyclopentene-l-carboxy-2-propionic acid, which was 
only sparingly soluble in cold water and was crystallised from hot water or hydrochloric acid, 
m. p. 122° (Found: equiv., 92-7. Calc., 92-0). 

50 G. of the unsaturated cyano-ester (XIII) were hydrolysed and esterified by a mixture 
of 33 c.c. of concentrated sulphuric acid, 75 c.c. of alcohol, and 2 c.c. of water (20 hours at b. p.). 
By redistillation of the fraction of b. p. 165—170°/21 mm., 15 g. of ethyl cyclopentene-1-carboxyl- 
ate-2-propionaie were isolated, b. p. 171—172°/20.mm. (Found: C, 64-9; H, 8-4. C,y3H 0, 
requires C, 64-9; H, 8-4%). The ester was free from nitrogen and was unsaturated, but could 
not be reduced. It readily absorbed hydrogen bromide in ethereal solution, but reduction of 
the bromo-ester obtained (b. p. 197°/15 mm.) with zinc and acetic acid gave indefinite unsatur- 
ated esters, from which solid products were not obtained on hydrolysis. 

Ethyl cyclopentylidene-1-cyanoacetate-2-8-propionate (XV). A mixture of 61-5 g. of ethyl 
cyclopentanone-2-8-propionate, 38 g. of ethyl cyanoacetate, and 2 g. of piperidine was kept 
at 0° for 24 hours, 7 g. of anhydrous sodium sulphate added to clarify the cloudy solution, which, 
after remaining for 4 days at 0° and for 2 hours on the steam-bath, was washed with acid and 
with sodium bicarbonate solution, dried, and distilled. It yielded 22 g. of unchanged cyano- 
acetic ester, 25 g. of keto-ester, and 30-7 g. (33%) of the unsaturated cyano-ester (XV) as a 
thick colourless oil, b. p. 220°/17 mm. (Found: C, 64-5; H, 7-5. C,sH,,O,N requires C, 64-5; 
H, 7-5%). 70G. of the above ester in 1 1. of moist ether were reduced during 2 days with 70 g. 
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of amalgamated aluminium (Vogel, J., 1927, 594). The sludge of alumina was removed and 
washed with ether, and ethyl cis-cyclopentane-1-cyanoacetate-2-B-propionate (XVI) isolated from 
the filtrate and washings in the usual way. Yield, 46 g.; b. p. 202°/12 mm. (Found: C, 64-0; 
H, 8-1. C,;H,;0,N requires C, 64-1; H, 8-2%). 43 G. of the saturated ester were refluxed 
with 50 c.c. of concentrated hydrochloric acid for 12 hours, the dark solution becoming light 
brown; 24-8 g. (81%) of an oil separated from the cooled solution and rapidly solidified to a 
mass Of crystals. cis-cycloPentane-1-acetic-2-8-propionic acid (XVII) crystallised from water 
or, better, benzene in rosettes of needles, m. p. 98°, sparingly soluble in cold water and cold 
benzene, very soluble in acetone (Found: C, 59-9; H, 8-2. CyH,,O, requires C, 60-0; 
H, 8-0%). 

cis-5-Hydrindanone (5-Keto-cis-0 : 3 : 4-bicyclononanone) (XVIII).—20 G. of the acetic- 
propionic acid were smoothly ketonised by 2 g. of baryta at 315—320° to 8-3 g. of the crude 
ketone, b. p. 98-5—99°/12 mm., which was converted in bulk into the semicarbazone. This was 
much less soluble in alcohol than the semicarbazone of «-bicyclooctanone and crystallised from 
dilute acetic acid in small feathery needles, m. p. 203° (Found: C, 61-5; H, 8-8. CygH,;ON, 
requires C, 61-6; H, 8-7%). From this derivative the pure cis-5-hydrindanone was regenerated 
with oxalic acid, b. p. 96-5°/11 mm., nj§" 1-4848, di3™* 1-0034, [Rz]p 39-43 (calc., 39-37) (Found : 
C, 78:1; H, 10-1. C,H,,O requires C, 78-2; H, 10-1%). The 2: 4-dinitrophenylhydrazone, 
which was readily produced, formed golden-yellow plates from much alcohol, m. p. 163° 
(Found: C, 56-4; H, 5-5. C,;H,,0,N, requires C, 56-6; H, 5-7%). 

1-5 G. of cis-5-hydrindanone were added dropwise with vigorous shaking to 6 c.c. of boiling 
concentrated nitric acid; 10 c.c. of water were then added, and the mixture boiled for a few 
minutes, concentrated to 10 c.c., and allowed to cool. After 3 days, 0-90 g. of a solid acid 
separated on the surface of the liquid in the rosettes of needles characteristic of cis-cyclopentane- 
l-carboxy-2-propionic acid. It melted at 99—100°, alone or mixed with the cis-acid prepared 
from indene. 

As an attempt to reduce cis-5-hydrindanone to the corresponding alcohol failed, the reverse 
reaction was carried out. 2-0 G. of the alcohol (IX) (from indene) were added to 1-5 g. of 
potassium dichromate in 30 c.c. of 50% acetic acid and a little sulphuric acid. After 1 hour 
on the steam-bath the ketone was distilled in steam and identified as the semicarbazone, m. p. 
203° alone or mixed with the material made from cyclopentanonecarboxylate. 

3. Formation of bicycloOctane Derivatives.—(1) 19-0 G. of cis-cyclopentane-l-carboxylic- 
2-propionic acid and 1 g. of baryta were heated to 280—290°; ketone was then smoothly 
evolved. If the ketone was not rapidly removed, extensive oxidation occurred and succinic 
acid was produced. The distillate was washed with sodium bicarbonate solution and water, 
dried, and redistilled. Yield, 8-9 g. (70%); b. p. 58—60°/5 mm. On redistillation cis-«- 
bicyclooctanone (I) was obtained as a colourless liquid with a pronounced ketonic odour; b. p. 
71°/15 mm., nj 1-4797, df” 1-0099, [Rz]p 34-91 (calc., 34-76). It was very volatile in steam 
and sparingly soluble in water (Found: C, 77-6; H, 9-8. C,H,,O requires C, 77-4; H, 9-8%). 
It gave an almost quantitative yield of semicarbazone, m. p. (crude) 170°, which formed large 
white leaflets from absolute alcohol; these became opaque and chalky on drying, m. p. 180° 
(decomp.) (Found: C, 60-0; H, 8-3. C,H,,ON; requires C, 59-6; H, 8-3%). The 2: 4-di- 
nitrophenylhydrazone formed golden-yellow plates, m. p. 115—116°, from alcohol (Found : 
C, 64-8; H, 53. C.4H,,0O,N, requires C, 55-2; H, 5-3%). 

7-2 G. of the redistilled ketone were converted into the semicarbazone (10-25 g.), which was 
decomposed with oxalic acid in the usual way. The regenerated ketone had b. p. 72°/12 mm., 
ny” 1-4790, d?” 1-0097, practically identical with the figures given above. 

(2) The same ketone was obtained in approximately the same yield from trans-cyclopentane- 
1-carboxy-2-8-propionic acid at 310—315°. The semicarbazone melted at 174-5° (crude) and 
at 181° after crystallisation (mixed m. p. 180—181°). 

(3) 4-0 G. of ethyl cis-cyclopentane-1-carboxylate-2-propionate were cyclised with 0-4 g. 
of molecular sodium in 25 c.c. of benzene (3 hours, steam-bath). The mixture was worked up 
in the usual way to yield 1-7 g. of the keto-ester (XIX), b. p. 140°/20 mm., n}* 1-4797, de® 
1-0825, [Rz]p 51-40 (calc. for keto-ester, 50-26; for enol-ester, 51-31) (Found: C, 67-4; H, 
8-4. Calc. for C,,H,,0O,: C, 67-3; H, 8-2%). 

An equal yield of the same ester was obtained from ¢rans-cyclopentane-1-carbethoxy-2- 
propionic ester by the same method. Both keto-esters were hydrolysed by boiling hydrochloric 
acid to cis-a-bicyclooctanone, identified by means of the semicarbazone. 

Both keto-esters gave intense violet colours with ferric chloride, turning pink on dilution, 
amorphous dinitrophenylhydrazones and the same basic copper derivative, which was formed 
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by shaking with neutral copper acetate solution as an apple-green powder, m.-p. 106° after 
crystallisation from dilute alcohol (Found : Cu, 23-5. C,,H,,0,-CuOH requires Cu, 23-1%). 

cis-bicycloOctane. The following process avoided the sealed tube used in Wolff’s method 
and was rapid and convenient. 5-0 G. of the regenerated ketone were converted into the 
semicarbazone, which was washed thoroughly, roughly dried, and heated (free flame) in a 
distilling flask with 7-5 g. of caustic potash. The mass fused and ammonia was given off. 
At 200—210° a second reaction set in, nitrogen being evolved, and oily drops of hydrocarbon 
began to distil. There was no charring, the residue being colourless. The distillate was 
shaken with sodium bisulphite solution, taken up in ether, dried with calcium chloride, and 
evaporated. Yield of crude hydrocarbon 4-0 g. (90%), 2-8 g. of which boiled sharply at 137— 
138°. When this portion was redistilled over sodium, cis-bicyclooctane was collected as a 
colourless mobile oil, b. p. 138—138-5°/768 mm., jf" 1-4614, d}3* 0-8699, [Rz]p 34-82 (calc. 
34-75) (Found : C, 87-2; H, 12-8. C,H,,4 requires C, 87-2; H, 12-8%). 

Oxidation of cis-a-bicyclooctanone. A solution of 0-5 g. of the distilled ketone in 3 c.c. of 
glacial acetic acid was added to a mixture of 0-4 c.c. of fuming nitric acid and 1-6 c.c. of glacial 
acetic acid. After 2 days at room temperature the acetic acid was removed over potash, 
in a vacuum desiccator, and the acid constituent of the residue extracted with aqueous sodium 
bicarbonate. Acidification and ether extraction of the bicarbonate solution yielded an oil which 
soon solidified. On crystallisation from much petroleum cis-cyclopentane-1l-carboxy-2-acetic 
acid was obtained, m. p. and mixed m. p. 87° (Found : equiv., 87-3 Calc., 86-0). This result 
was confirmed by a similar oxidation of the regenerated ketone. 
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199. Fused Carbon Rings. Part III. The Synthesis of cis- and trans- 
cycloPentane-1-carboxy-2-acetic Acids and the Stability of their 


Anhydrides. 
By A. H. Cook and R. P. LINSTEAD. 


It has been indicated in the preceding papers that the two forms (I and IT) of cyclopentane-1 
carboxy-2-acetic acid are of importance both as reference compounds for the configurations 
of the bicyclooctanones and for comparison with their cyclohexane analogues. Windaus, 
Hiickel, and Reverey (Ber., 1923, 56, 91) have shown that the anhydrides of cis- and ¢rans- 
hexahydrohomophthalic acids (III and IV) undergo interconversion at 240° to yield an 
equilibrium mixture containing 75% of the évans-anhydride, a fact which provided the 
first indication that the /vans-locking of two six-membered rings could be more stable than 
the cis-. 

It is now shown that both the corresponding cyclopentane acids yield individual 
anhydrides which pass into an equilibrium mixture at 240°. This contains 86% of the 
cis-isomeride, which provides direct chemical evidence that a compound (such as VI), 
containing the cyclopentane ring in a multiplanar form, is strained and comparatively 


unstable. 
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One synthesis of the acids (I) and (II) has already been described (p. 940), but it was 
necessary to investigate other preparative methods in view of the serious discrepancy 
between the melting points found by us (cis, 89°; trans, 66°) and that (158—159°) recorded 
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for the ¢vans-acid by Sircar (J., 1927, 1255). We have accordingly made a general survey 
of the reactions indicated in the following scheme : 
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cycloPentanone cyanohydrin (VII), which has been used previously as a crude condens- 
ation product for synthetic purposes (Plant and co-workers, J., 1927, 484; 1928, 1906), 
has now been obtained in a pure condition both through the bisulphite compound and by 
Ultée’s method. Unlike cyclohexanone cyanohydrin (Ruzicka and Brugger, Helv. Chim. 
Acta, 1926, 9, 399), it could not be dehydrated in the crude condition, but after distillation 
the action of thionyl chloride in benzene smoothly yielded A!-cyclopentenonitrile (VIII), 
which was hydrolysed by alkali to A!-cyclopentenecarboxylic acid (IX) and by alcoholic 
acid to the ester (X). 

Sircar (loc. cit.) prepared the unsaturated ester (X) by hydrolysing the cyanohydrin 
to the hydroxy-acid, esterifying this, and dehydrating the ester (XI) by treatment with 
phosphorus pentachloride, followed by removal of hydrogen chloride with boiling diethyl- 
aniline. We find that the hydroxy-ester can be:converted into the unsaturated ester by 
treatment with phosphorus pentachloride alone owing to the instability of the intermediate 
tertiary halide (XII). The yield is better if no base is used, and the ease of dehydration 
in this way contrasts with the difficulty experienced by v. Auwers and Krollpfeiffer (Ber., 
1915, 48, 1394) in dehydrating the corresponding hydroxy-acid. The lability of the 
tertiary halogen, which is of general importance in the preparation of unsaturated acids 
or esters from ketones, does not appear to be generally recognised, although some analogies 
can be found (e.g., Bredt’s preparation of methyl dehydrocamphorate; Amnalen, 1913, 
395, 26). 

The unsaturated ester (X) prepared in all these ways (from the acid IX, by Sircar’s 
method, and by treatment of XI with phosphorus pentachloride) yielded the same acid (IX) 
on hydrolysis. There is, however, reason to believe that Sircar’s ester is not the pure 
Ac-isomeride, because it gives comparatively poor yields of addition products on treatment 
with ethyl sodiomalonate or sodiocyanoacetate, whereas the other esters behave normally. 
It is probable, therefore, that the use of diethylaniline leads to the formation of a good 
deal of Af-ester, which is isomerised to the stable At-acid during hydrolysis. 

The acid (IX) has many remarkable properties. Its melting point is very high (121°) 
for so simple an unsaturated acid—Wislicenus has suggested that it may be bimolecular, 
but this seems unlikely in view of its volatility—and it simulates aromatic properties in 
its resistance to additive reagents. Its low affinity for iodine is in harmony with the 
As-structure. No 2-bromo-cyclopentane-l-carboxylic acid could be obtained from it by 
treatment with hydrogen bromide, although in alcoholic ether the bromo-ester (XIII) 
was obtained, which could also be prepared directly from the unsaturated ester. This 
bromo-ester was of no synthetic value owing to the lability of the halogen. 


CO,Et 








958 Cook and Linstead : 


The addition of ethyl sodiomalonate to the unsaturated ester proceeded with exceptional 
ease, being almost complete in 30 minutes. The product, ethyl trans-cyclopentane-1- 
carboxylate-2-malonate (XIV), did not yield a normal sodio-compound and attempts to 
condense it with chloroacetic ester (with the object of obtaining an intermediate capable 
of yielding a bicyclooctane derivative) were fruitless. Molecular sodium gave a red mass 
which on treatment with halogen esters yielded the malonic ester unchanged and it is 
possible that the metal reacts with the carbethoxyl rather than the malonic ester group 
(compare the papers of Scheibler referred to on p. 953). There may be some connexion 
between the non-formation of the normal sodio-compound and the rapidity of the Michael 
addition. 

As one carbethoxyl group is directly attached to the ring and as the ester is formed in 
the presence of sodium ethoxide, it follows from the work of Hiickel and Goth (Ber., 1925, 
58, 447) that the carbethoxy-malonic ester (XIV) must have the érans-configuration. 
This provides an additional confirmation of the structures assigned to the bicyclooctanes 
on p. 949. 

Controlled hydrolysis of (XIV) gave the corresponding malonic acid (XVI), whilst 
prolonged hydrolysis yielded ¢rans-cyclopentane-l-carboxy-2-acetic acid (II) of m. p. 66° 
identical with that of Linstead and Meade (p. 946). The same acid was obtained by the 
action of heat on the malonic acid (XVI). 

Reference may now again be made to Sircar’s preparation. This involved the condens- 
ation of the unsaturated ester (X) with ethyl sodiocyanoacetate to the cyano-dicarboxylic 
ester (XV), which was hydrolysed to a trans-acid reported to melt at 158°. On repeating 
this process the acid obtained was the /vans-acid (II) of m. p. 66° identical with that prepared 
by the other methods. Sircar’s work is therefore erroneous.* 

The ¢rans-acid readily yielded a crystalline anhydride (VI), which could be reconverted 
into the parent acid. At 240° the anhydride rapidly isomerised into a liquid anhydride, 
which on hydration gave a mixture from which pure cis-cyclopentane-l-carboxy-2-acetic 
acid, m. p. 89°, could be separated. This was identical with the acid of Linstead and 
Meade.f The cis-acid regenerated the /vans-acid on treatment with hydrochloric acid at 
180°. The cis-acid readily gave a liquid anhydride (V) with acetyl chloride or acetic 
anhydride, which regenerated the cis-acid .on hydration. 

The two acids yielded dianilides, and the two anhydrides isomeric pairs of anzlic acids, 
on treatment with aniline. 

The interconversion of the anhydrides was followed quantitatively by thermal analysis. 
The equilibrated anhydride was converted into the corresponding mixture of acids, the 
melting point of which (82°) was compared with that of known mixtures. The same 
equilibrium mixture of anhydrides, which contained 86% of the cis-isomeride, was reached 


from both sides. 
EXPERIMENTAL. 


cycloPentanone Cyanohydrin (VII).—(1) The bisulphite compound from 100 g. of cycio- 
pentanone was cooled in ice and treated slowly, with vigorous shaking, with 86 g. of potassium 
cyanide in 150 c.c. of water. After 1 hour the upper layer of cyanohydrin was separated, the 
lower layer extracted with ether, the extract added to the upper layer, and the whole dried and 
distilled after the addition of concentrated sulphuric acid. Consistent yields of 15—20 g. of 
recovered ketone, 77 g. (65%) of cyanohydrin (b. p. 114°/14 mm.), and a small residue of the 
hydroxy-acid (corresponding to XI) were obtained. The freshly distilled cyanohydrin is pure 
(Found : C, 64-6; H, 8-4. CgH,ON requires C, 64-8; H, 8-5%), but in glass containers hydrogen 
cyanide is slowly evolved and the decomposition is rapid in the presence of bases, even ammonia. 
(2) Hydrogen cyanide from 250 g. of potassium cyanide and 500 c.c. of 50% sulphuric acid 


* Sircar’s statement (loc. cit.) that the hydrolysis of the cyclohexane ester corresponding to (XV) 
with hydrochloric acid gives at first a mixture of cis- and trans-hexahydrohomophthalic acids and only 
after 18 hours’ boiling the trvams-acid, can hardly be correct. The Michael addition must give a frans- 
product and boiling hydrochloric acid could not cause a configurational change. The mixture must 
have been due to incomplete decarboxylation. 

t The common physical relationships between the acids (i.e., cis-, lower melting point, more soluble) 
are reversed in these acids. Other exceptions to these usual rules are, however, known. 
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(vol.) was condensed in a freezing mixture, and 200 g. of ice-cold cyclopentanone, mixed with 
0-5 g. of caustic potash and a few drops of water, were added. After 6 hours at 0°, 10 drops of 
concentrated sulphuric acid were added, the excess of hydrogen cyanide was removed, and the 
residue distilled. Yield of cyanohydrin 230 g. (87%), b. p. 126°/26 mm. 

Al-cycloPentenonitrile (VIII).—A mechanically stirred mixture of 77 g. of the cyanohydrin 
and 105 c.c. of dry benzene was treated at 0° with 120 g. (14 mols.) of thionyl chloride (dropwise, 
75 minutes). The solution was then gently warmed for 1—1} hours until hydrogen chloride was 
no longer vigorously evolved, cooled, and treated with ice, and the aqueous layer extracted with 
benzene. The combined benzene solutions were freed from hydroxy-acid and mineral acids 
by treatment with alkali, dried, and distilled. A'-cycloPentenonitrile is a stable liquid with 
an odour resembling that of benzonitrile. Yield, 35—40 g.; b. p. 69°/15 mm., 81°/30 mm. 
(Found: C, 77-4; H, 7-5. C,H,N requires C, 77-4; H, 7:6%). The yield obtained by the 
Darzens process (thionyl chloride, pyridine, ether) was lower. The nitrile was not reduced by 
aluminium amalgam. 

Al-cycloPentenecarboxylic Acid (IX).—45G. of the nitrile were hydrolysed for 36 hours with 
60 g. of caustic potash in 600 c.c. of water. Acidification liberated the unsaturated acid (55 g., 
90%) as an amorphous powder, becoming crystalline after an hour. The acid is very volatile 
in steam, but is best purified by crystallisation from hot water or petroleum or by sublimation. 
It melts at 121° and has little smell in the pure condition. The iodine addition (Linstead and 
May, J., 1927, 2565) was 1-0% in 10 minutes, 1-8% in an hour. 

The acid in glacial acetic acid (1-5 g. in 8 c.c.) was saturated with hydrogen bromide 
at 0°. The volatile acids were removed over potash in a desiccator; the residue melted 
at about 65° (crude), but yielded only the unsaturated acid on recrystallisation. No addition 
of hydrogen bromide was observed to solutions of the acid in ether or suspensions in water. 
In ether containing a little alcohol ethyl 2-bromocyclopentanecarboxylate (see below) was 
formed. 

Ethyl A}-cycloPentenecarboxylate (X).—(1) The silver salt of the acid gave a comparatively 
poor yield of ester on treatment with ethyl iodide. (2) The acid was converted through the 
acid chloride (thionyl chloride) into the ester, b. p. 75°/10 mm.; excellent yield. (3) 50 G. 
of cyclopentenonitrile were boiled vigorously for 20 hours with a mixture of 60 c.c. of sulphuric 
acid, 70 c.c. of absolute alcohol, and 70 c.c. of rectified spirit. The pasty mass was treated 
with water and extracted with ether; the extract was washed with sodium bicarbonate solution, 
and the residue from the ether distilled; yield, 55 g. (75%); b. p. 92°/25 mm. (Found: C, 68-4; 
H, 84. Calc. for C,H,,0,: C, 68-5; H, 8-5%). All the above samples yieided the acid of 
m. p. 121° on hydrolysis with hydrochloric acid. The preparation of the ester by the dehydration 
of ethyl cyclopentanol-1-carboxylate is described below. 

The unsaturated ester (50 g.) was treated with hydrogen bromide at 0° for 2 hours. The 
bromo-ester was freed from acid and distilled, 90% of (probably trans-) ethyl 2-bromocyclo- 
pentane-1-carboxylate being obtained, b. p. 126—127°/24 mm. (Found: Br, 36-2. C,H,,0,Br 
requires Br, 36-3%). The lability of the bromine atom is shown in the following experiments. 
(1) The bromo-ester was boiled with an alcoholic suspension of potassium cyanide; ethyl 
cyclopentenecarboxylate was recovered almost quantitatively. (2) A fine suspension of sodium 
cyanide made by the addition of anhydrous hydrogen cyanide to sodium ethoxide was treated 
with 42 g. of the bromo-ester and 0-5 g. of sodium iodide. After being boiled for 30 minutes, 
some 70% of unsaturated ester was obtained together with only 14% of a nitrogenous ester 
(b. p. 135—140°/24 mm.), probably ethyl 1-cyanocyclopentane-2-carboxylate. 

The unsaturated ester (X) was also prepared by Sircar’s method as follows : cyclopentanol-1- 
carboxylic acid, m. p. 103°, obtained in 80% yield by Meerwein and Unkel’s method (Annalen, 
1910, 376, 156), was converted (compare Ber., 1915, 48, 1394) with boiling alcoholic sulphuric 
acid into the ester (XI) in 60—65% yield; b. p. 100—101°/23 mm. The hydroxy-ester (120 g.) 
was then slowly run on to 170 g. of phosphorus pentachloride. Phosphorus oxychloride was 
removed under reduced pressure, and the residue boiled for 3 hours with diethylaniline, The 
unsaturated ester was isolated from the product in the usual manner in 45% yield, b. p. 
92°/24 mm, This process was greatly improved as follows: 70 g. of the hydroxy-ester were 
slowly dropped on 100 g. of phosphorus pentachloride, the phosphorus oxychloride removed 
under reduced pressure, and the light yellow residue left in contact with ice and water for 2 
hours. The unsaturated ester was extracted, freed from mineral acids, and distilled; yield, 
85%; b. p. 92°/25 mm. 

Michael Additions.—(1) A mixture of 20 g. of the unsaturated ester (made by Sircar’s 
method) and 20 g. of ethyl cyanoacetate was warmed (6 hours, steam-bath) with 3-5 g. of sodium 
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in 40 c.c. of alcohol. The neutral fraction of the product yielded 10-5 g. (30%) of ethyl cyclo- 
pentane-1l-carboxylate-2-cyanoacetate (XV), b. p. 182—184°/12 mm. (2) Equimolecular 
quantities of the unsaturated ester (made by the PCl, method), malonic ester, and sodium 
ethoxide (200 c.c. of alcohol per mol.) were warmed on the steam-bath for 30 minutes; the 
product was treated with water, acidified, and extracted with ether, the extract washed with 
sodium bicarbonate solution and dried over sodium sulphate, and the residue after removal of 
ether was distilled. Ethyl trans-cyclopentane-1-carboxylate-2-malonate (XIV) boiled at 181— 
182°/1lmm. Yield, 80—85% (Found: C, 59-8; H, 7-9. C,;H,,O, requires C, 60-0; H, 8-0%). 
A similar result was obtained by using the unsaturated ester made from the nitrile, but the 
yield obtained from the ester prepared by Sircar’s method was poor. If heating was prolonged 
beyond 30 minutes, the yield was decreased. 

The carbethoxy-malonic ester could not be condensed with ethyl chloroacetate by adding 
the reagent either to the crude Michael addition product or to the red sodio-compound formed 
from the pure ester and molecular sodium. Neither could ethyl cyclopentenecarboxylate be 
induced to react to any extent with ethyl carboxysuccinate in the presence of sodium ethoxide. 

Hydrolyses.—(1) The carbethoxy-malonic ester (XIV) was hydrolysed with 2 vols. of boiling 
concentrated hydrochloric acid until the oil had just disappeared (l—1} hours). After removal 
of the mineral acid with the aid of a pump, the syrupy residue solidified to a mass of white 
needles of trans-cyclopentane-1-carboxy-2-malonic acid (XVI) which, recrystallised from ethyl 
acetate—petroleum or, better, from concentrated hydrochloric acid, formed slender needles, 
m. p. 181-5°. The acid is insoluble in chloroform and petroleum, moderately soluble in ethyl 
acetate, benzene, alcohol and hydrochloric acid, and readily soluble in water [Found : C, 50-0; 
H, 5-6; equiv., 72-5. C,H,,O, requires C, 50-0; H, 5-6%; equiv. (tribasic), 72-0]. When 
heated at its melting point for a few minutes, the acid evolved carbon dioxide vigorously ; 
the residue soon solidified to the corresponding carboxy-acetic acid (II). (2) The carbethoxy- 
malonic ester was hydrolysed in the same manner, but for 12 hours. Removal of the mineral 
acid left the carboxy-acetic acid as an oil which rapidly solidified. (3) 10-5 G. of cyclopentane-1- 
carbethoxy-2-cyanoacetic ester (made by Sircar’s method) were boiled for 30 hours with 30 c.c. 
of concentrated hydrochloric acid. The mineral acid was removed under reduced pressure, 
and the organic acid extracted from the ammonium chloride by means of ether. Removal of 
the ether left the carboxy-acetic acid (II). trans-cycloPentane-1-carboxy-2-acetic acid (11) 
crystallised from a large bulk of light petroleum in clumps of small needles, m. p. 66° [Found : 
C, 55-5; H, 7-0; equiv., 86-0. C,H,,O, requires C, 55-8; H, 7:0%; equiv. (dibasic), 86-0). 
The same acid was obtained by all three methods given above and the product was identical 
with that of Linstead and Meade (p. 946). 

6-5 G. of the acid were boiled for 30 minutes with 10 vols. of acetic anhydride and the excess 
of the reagent was removed under reduced pressure. The residue solidified over potash in a 
vacuum desiccator and was crystallised from light petroleum. The anhydride of trans-cyclo- 
pentane-1-carboxy-2-acetic acid (VI) then separated in beautiful colourless detached needles, 
m. p. 43—44° (yield, almost theoretical). It is readily soluble in hot light petroleum, sparingly 
in cold (Found: C, 62-2; H, 6-5. C,H, O, requires C, 62-3; H, 6-5%). The same anhydride 
was obtained by the action of boiling acetyl chloride (10 vols., 1 hour). The anhydride was 
hydrolysed by cold dilute caustic soda or by water to the trans-acid, identified by m. p. and 
mixed m. p. 

The trans-acid (1 g.) was converted by the action of phosphorus pentachloride (2-5 g.) 
in ether (15 c.c.) into the acid chloride, which with an excess of aniline yielded the dianilide. 
This separated from dilute alcohol in small needles, m. p. 214° (Found: C, 74-6; H, 6-9. 
Cyp9H,,0,N, requires C, 74-7; H, 6-9%). The trans-anhydride (2 g.), dissolved in benzene 
(10 c.c.), was treated with 2-5 g. of aniline. After 36 hours in the cold the mixture was freed 
from benzene and dissolved in sodium carbonate solution. After removal of the unchanged 
aniline, acidification yielded a mixture (85%) of trans-anilic acids, C,H,(CO,H)*CH,*CO-NHPh 
and C,;,H,(CO*NHPh)°CH,°CO,H, which was separated by fractional crystallisation from dilute 
alcohol. The less soluble anilic acid melted sharply at 130° (Found : C, 68-0; H, 6-8. C,,H,,O,N 
requires C, 68-0; H, 69%). The crude, more soluble acid was dissolved in the minimum 
quantity of hot benzene; a little of the less soluble form separated on cooling. The benzene 
was removed from the mother-liquor, and the residue crystallised from dilute alcohol, small 
plates of a second anilic acid being obtained, m. p. 108° (Found : C, 68-2; H, 6-8%). 

15 G. of the tvans-acid were refluxed for 24 hours with 40 c.c. of 5% alcoholic hydrogen 
chloride. Theneutral product yielded 15-5 g. of ethyl trans-cyclopentane-1-carboxylate-2-acetate, 
b. p. 148°/16 mm. (Found: C, 63-2; H, 8-8. C,,H,O, requires C, 63-2; H, 88%). The 





Fused Carbon Rings. Part III. 961 


same ester was obtained in 90—95% yield through the silver salt. It did not condense with 
sodium and ethyl oxalate under Komppa’s conditions. 

Conversion into the cis-acid. After the itvrans-anhydride had been heated for 10 minutes at 
240° (metal-bath), it failed to solidify on cooling, and hydration with dilute alkali, followed by 
acidification and extraction with ether, yielded an impure cis-acid, m. p. 81—83° (crude), 
89° after crystallisation from hydrochloric acid. For preparative purposes it was better to 
distil the equilibrated anhydride (b. p. 174—175°/17 mm.; 6-3 g. from 10 g. of the ¢vans-acid) 
and hydrolyse the yellow oil with just sufficient hot hydrochloric acid to effect solution. On 
cooling, the almost pure cis-acid separated (5-2 g.). cis-cycloPentane-1-carboxy-2-acetic acid 
crystallises from hydrochloric acid or from much petroleum in fine needles, m. p. 89° (it is only 
half as soluble in petroleum as the érans- isomeride) [Found: C, 55-6; H, 6-9; equiv., 86-2. 
Calc. for CgH,,O,: C, 55-8; H, 7:°0%; equiv. (dibasic), 86-0]. The acid was identical with 
that of Linstead and Meade (p. 946). On treatment with hydrochloric acid at 180° it regenerated 
the tvans-acid (m. p. 64—65°; 1-28 g. from 2-0 g.). 

The pure cis-acid was boiled with 10 vols. of acetyl chloride for 30 minutes; removal of the 
reagent then left a liquid anhydride which failed to solidify in a vacuum desiccator after many 
weeks (Found: C, 62-0; H, 6-6. C,H,,O, requires C, 62-3; H, 6-5%). It is undoubtedly a 
pure cis-anhydride, as it yields the pure cis-acid on hydrolysis and the derived anilic acids 
differ from those obtained from the tvans-anhydride. 

The cis-dianilide, prepared in the same manner as the frans-, crystallised from alcohol in 
short prisms, m. p. 234° (Found: C, 74-4; H, 6-9. C,H,,O,N, requires C, 74-7; H, 6-9%). 
Treatment of the cis-anhydride with aniline yielded a mixture of anilic acids, of which only 
that formed in preponderating amount was obtained pure. This crystallised from dilute alcohol 
in stellate clusters of needles, m. p. 115° (Found : C, 68-0; H, 7-05. C,,H,,0,N requires C, 68-0; 
H, 6-9%). 

The two forms of cyclopentane-l-carboxy-2-acetic acid are remarkably similar in general 
properties and no quantitative method for the separation of mixtures has been devised, The 
salts have very similar solubilities. The silver salts are amorphous, the calcium salts separate 
in crystalline form from boiling solutions, and the copper salts form sparingly soluble, light blue 
needles. The lead salts crystallise from dilute solutions in characteristic forms; that of the 
cis-acid in delicate single needles, that of the tvams- in rosettes of short stout needles. The 
anhydrides absorb water at approximately the same rate and no separation could be achieved 
by “ fractional hydration ”’ in moist air. The composition of mixtures of the anhydrides was 
accordingly determined by hydration to the mixed acids and ‘‘ thermal analysis.” 

Equilibration of Anhydrides.—A melting-point curve for mixtures of the pure acids was 
constructed as follows : The two acids were crystallised to constant melting point and dissolved 
in 20 parts of water. The requisite quantity of each solution was then measured out, mixed, 
and evaporated in a vacuum over phosphoric oxide. This method gave intimate mixtures of 
very small quantities of material. The m. p. of each mixture was taken (1) as it first separated ; 
(2) after solidification and remelting; (3) after the mixture had been rubbed on porous earthen- 
ware and again dried over phosphoric oxide; and (4), as (3) but after solidification and remelting. 
All these m. p.’s were sharp, never differing by more than 1° and generally by less than 0-5°. 
The figures given in the table represent the mean of four readings to the nearest 0-5’. 


Mixed melting points of cis- and trans-cyclopentane-1-carboxy-2-acetic acids, 


trans-Acid 10 15 20 30 40 50 60 70 80 90 100 
p. 83°5° 81°5° 78°5° 73°5° 70°0° 65°0° 61°5° 55°5° 51°0° 53°5° 66° 


The pure ¢vans-anhydride was heated for 10 minutes at 240°, and the product hydrated with 
warm water for some time and then dried over phosphoric oxide. Found: m. p. 81-5° (mean), 
whence % tvans-acid 14%. A mixture of the equilibrated material with a synthetic mixture 
containing 15% of the trans- acid melted at 81-5°. The cis- anhydride was heated for 5 minutes 
at 240° and examined similarly. M. p. 81-5° (mean); % trans-acid, 14%. 


Zo 
M. 
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200. Oxacyanines. 
By N. I. FisHErR and F. M. Hamer. 


A GENERAL method for preparing thiacyanines (I; Y = SS) from benzthiazolium salts 

containing a reactive methyl group, by the action of amyl nitrite and acetic anhydride, 

has already been described (Fisher and Hamer, J., 1930, 2502). We selected chlorides, 

Yy y rather than iodides, for the reason that nitrous acid does 

\ ” not liberate halogen from them. Simultaneously Kuhn, 

Cx C:CH:-C xO Winterstein, and Balser elucidated the preparation of indo- 

N74 \w cyanines (I; Y = CMe,) from 2:3:3-trimethylindolenine 

R (I) RX salts, or the corresponding methylene base, by a method 

analogous to ours, and they further succeeded in isolating 

an intermediate; the salts which they chose as starting points were perchlorates (Ber., 

1930, 68, 176). The selenacyanines (I; Y = Se) are the subject of a patent specification 

by I. G. Farbenindustrie; in the only example quoted, the benzselenazolium salt which 

is treated with amyl nitrite and acetic anhydride is an iodide, though a general claim 

covering various acid radicals is made (B.P. 380,702, 1931). We must now record the 

remarkable fact that, contrary to expectation, the use of iodides instead of chlorides is 

a definite improvement in certain instances, since it allows the preparation of specific 
dyes not otherwise accessible. 

By treating 1-methylbenzoxazole alkiodides with amyl nitrite and acetic anhydride, 
we have prepared oxacyanines (I; Y =O), which are cyanines of a new type. The use 
of iodides as starting-points leads to contamination of the product by periodide, whence 
treatment with sulphur dioxide is desirable. 

The oxacyanines are of special scientific interest, in that their absorption lies further 
into the more refrangible region of the spectrum than that of any known kind of cyanine 
dye. The simplest oxacyanines are pale yellow substances, which give colourless alcoholic 
solutions. 


Neon a 
(IL, * CH: C Nn“ Nn (uit, 
R RWI 


S AI 


RAM Ges and 2-methyl-f-naphthoxazole were prepared. To obtain 
the former, «-naphthol was converted, by the method of Hodgson and Kilner (J., 1924, 
125, 807), into 2-nitro-l-naphthol, reduction of which by a modification of known methods 
(Liebermann and Dittler, Ber., 1874, 7, 240; Liebermann, Annalen, 1876, 183, 225; 
Liebermann and Jacobsen, Annalen, 1882, 211, 36; Grandmougin and Michel, Ber., 1892, 
25, 972) gave 2-amino-l-naphthol hydrochloride. Contrary to a statement that this salt 
undergoes no smooth reactions (Grandmougin and Michel, loc. cit.), a 52% yield of 1-methyl- 
a-naphthoxazole has been obtained from it. The same synthesis of the base has been 
outlined by Brooker (U.S.P. 1,939,201, 1932). Both it and also 2-methyl-8-naphthoxazole, 
which is described in the literature as a liquid, have now been obtained in the solid state. 
Their methiodides and ethiodides were prepared. Just as the quaternary salts of 1-methyl- 
a-naphthathiazole are more readily formed than those of 2-methyl-8-naphthathiazole 
(Hamer, J., 1929, 2598), so, similarly, those of 1-methyl-«-naphthoxazole are produced 
more readily than those of 2-methyl-f-naphthoxazole. From these alkiodides the dibenz- 
oxacyanines (II and III) were prepared. 

Solutions of the dibenzoxacyanines are very pale yellow; comparison with the parent 
oxacyanines (I; Y = O) shows that the replacement of two benzoxazole by two naphth- 
oxazole nuclei has the effect of shifting the absorption maximum 25—40 py towards the 
region of longer wave-length. The absorption maxima recorded are those of methyl- 
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alcoholic solutions; we are indebted for the measurements to Messrs. L. A. Jones and 
E. E. Richardson, of the Eastman Kodak Company. 

The simplest oxacyanines have a practically negligible photographic effect, producing 
only in gelatino-chloride emulsions an extremely slight shift of the sensitising maximum 
towards the region of longer wave-length. The dibenzoxacyanines, on the other hand, 
are very powerful sensitisers for such emulsions, thus bringing the oxacyanines into line 
with other classes of cyanines, all groups of which contain photographic sensitisers. The 
sensitising maximum is shifted from % 395 wy to » 423—433 py. This difference in 
behaviour of the simplest and the more complex oxacyanines is correlated with the fact 
that the absorption maxima of the former fall within, and those of the latter beyond, the 
spectral region of absorption of the untreated emulsion. 

For the six oxacyanines described in the present paper, the yields of recrystallised 
product vary from 14—26%. The yields are lowest in the case of the oxacyanines from 
2-methyl-8-naphthoxazole alkiodides; this tallies with the thia-series, where (Hamer, J., 
1929, 2598; Fisher and Hamer, J., 1930, 2502) the yields of dyes from quaternary salts 
of 2-methyl-$-naphthathiazole are, as a rule, lower than those from the corresponding 
salts of 1-methyl-«-naphthathiazole. The oxacyanines, especially the pair containing 
«-naphthoxazole nuclei, are characterised by possessing high decomposition points. 


EXPERIMENTAL. 


2-Nitro-1-naphthol from a-Naphthol.—To obtain the mixture of 2- and 4-nitroso-1-naphthol, 
a-naphthol (50 g.), dissolved in sodium hydroxide solution, was treated with nitrous acid 
according to the method of Hodgson and Kilner (/oc. cit.). The total yield of purified mixture 
obtained from 3 or 4 such preparations was 80%. When a paste of the mixed nitrosonaphthols 
(100 g.) is oxidised, on ten times their scale, with hydrogen peroxide in the presence of ferrous 
sulphate, such a violent reaction occurs at one point during the addition of sodium hydroxide 
that it is advisable to use a 2-gallon earthenware pot, but without external cooling. 2-Nitro-1- 
naphthol (yield, 38%) was isolated by distillation with superheated steam; the yield obtained 
from the distillate was slightly increased by acidification with hydrochloric acid. 
2-Amino-1-nap/::hol Hydrochloride.—An intimate mixture of 2-nitro-l-naphthol (20 g.) and 
fine tin powder (60 g.) was heated with concentrated hydrochloric acid (160 c.c.), carefully 
until decoloration was nearly complete, and then strongly for $ hour. The tin double salt of 
2-amino-1l-naphthol hydrochloride, which separated on cooling, was collected and dissolved in 
boiling water, the filtered solution treated with hydrogen sulphide, tin sulphide removed, and 
the filtrate concentrated in an open dish, hydrogen sulphide being passed in continuously. A 
dark solid separated, but the solution itself did not darken appreciably. It was filtered, cooled, 
and treated with concentrated hydrochloric acid until no more solid separated. The almost 
white hydrochloride was filtered off and dried; it showed no sign of decomposition when kept 
for several weeks in a stoppered bottle. The yield was 56%. 
1-Methyl-a-naphthoxazole.—2-Amino-1-naphthol hydrochloride (57 g.; 1 mol.) and anhydrous 
sodium acetate (24 g.; 1 mol.) were ground together, and then heated with acetic anhydride 
(55 c.c.) at 150—160° for 8 hours. The excess of acetic anhydride was distilled off, and the 
residue treated with’ water and neutralised with crystalline sodium carbonate. The base 
obtained from two such preparations was extracted and dried (anhydrous sodium sulphate) in 
ether, recovered, and distilled in a vacuum, 1-methyl-a-naphthoxazole being obtained in 56% 
yield, b. p. 178—201°/18—20 mm.; a higher-boiling fraction was rejected. The yield was 
considerably lower when acetic acid was used in conjunction with the acetic anhydride and 
sodium acetate. The base crystallised to a white solid, m. p. 36—37°, with softening from 33° 
(Found: N, 7-6. C,,H,ON requires N, 7-65%). The molten base shows the phenomenon of 
super-cooling, and crystallisation is accompanied by evolution of heat. 
2-Methyl1-8-naphthoxazole has been described as a liquid by Béttcher (Ber., 1883, 16, 1933), 
Michel and Grandmougin (Ber., 1892, 25, 3429), and Lindemann, K6nitzer, and Romanoff 
(Annalen, 1927, 456, 284). Its preparation from 1l-amino-2-naphthol hydrochloride, by a 
method similar to that described above for the a-compound, gave it as an almost colourless 
solid, m. p. 27°, with softening from 25° (Found: N, 7°75. Calc. for C,,H,ON : N, 7-65%). 
1-Methyl-a-naphthoxazole Methiodide.—1-Methyl-a-naphthoxazole (8-6 g.; 1 mol.) and 
methyl iodide (3-5 c.c.; 1-2 mols.) were heated together in a sealed tube at 100° for 2 days. 
After ether extraction, the residual solid was ground three times with acetone (30 c.c. x 3); 
3s 
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after recrystallisation of the undissolved residue (13-9 g.; 87% yield) from absolute alcohol 
(150 c.c.), the yield was 65% (10-2 g.). A sample was dried for analysis in a vacuum at 60—80° 
and was analysed by the method of Carius, which methods of drying and analysis were used 
throughout this work, except where otherwise stated (Found: I, 39-3. C,,;H,,ONI requires 
I, 39-05%). M. p. 202° (decomp.). 

1-Methyl-a-naphthoxazole ethiodide was similarly prepared. The yield was 88% after wash- 
ing with acetone and 62% after recrystallisation from absolute alcohol (12 c.c. per g.). This 
and the two following salts were dried for analysis in a vacuum desiccator (Found : I, 37-7. 
C,,H,,ONI requires I, 37-4%). M. p. 215° (decomp.). 

2-Methyl-B-naphthoxazole Methiodide.—2-Methyl-8-naphthoxazole (10 g.; 1 mol.) was heated 
with methyl iodide (4 c.c.; 1-2 mols.) in a sealed tube at 100° for 2 days. After extraction 
with ether, the undissolved residue (17 g.) amounted to an 89% yield (Found: I, 39-2. 
C,3;H,,ONI requires I, 39-1%). Even when recrystallisation from absolute alcohol (400 c.c.) 
was carried out as rapidly as possible, the yield dropped to 38% (Found: I, 39-1%). M. p. 
212—213° (decomp.), with softening from 209°. 

2-Methyl-B-naphthoxazole Ethiodide——When a similar preparation was carried out with 
ethyl iodide, the addition did not proceed to completion. The crystals were collected and 
extracted with ether. The undissolved residue (2-0 g.) amounted to only a 22% yield (Found : 
I, 37-5. C,H,,ONI requires I, 37-4%). On rapid recrystallisation from absolute alcohol 
(40 c.c.), the yield dropped to 11% (Found: I, 37-0%). M. p. 202—203° (decomp.). From 
the original filtrate and from the ethereal extract, a 33% yield of 2-methyl-8-naphthoxazole 
was recovered. 

2 : 2'’-Dimethyloxacyanine Iodide.—1-Methylbenzoxazole methiodide (3-5 g.) was added to 
boiling acetic anhydride (25 c.c.). No further heat was applied, but freshly distilled amyl 
nitrite (1-5 c.c.; b. p. 94—100°) was added. There was violent frothing with development of 
a brown colour, and all the quaternary salt dissolved. On cooling and stirring, the oxacyanine 
crystallised. It was filtered off, ground with water, and extracted with ether. The undis- 
solved residue (0-74 g.) was suspended in spirit (10 c.c.) and, during cooling with ice, sulphur 
dioxide was passed in. The suspension was then boiled and stirred, and sufficient spirit for 
complete solution was added (100 c.c.). The solid which crystallised on cooling was almost 
colourless. It was obtained in 23% yield (0-59 g.). It was dried for analysis in a vacuum at 
100—110° (Found: I, 31-0. C,,H,,O,N,I requires I, 31-3%). When heated to 310°, the 
compound remained unmelted, though there were signs of decomposition. The methyl- 
alcoholic solution has a single absorption band with its maximum at A 365 uy. 

2 : 2’-Diethyloxacyanine Iodide—When 1-methylbenzoxazole ethiodide (3-5 g.) was added 
to propionic anhydride (25 c.c.) at 135°, most of the solid dissolved. Solution was complete 
when freshly distilled amyl nitrite (1-5 c.c.) was added. After extraction of the crystalline 
product with water and with ether, the undissolved residue (0-78 g.) was suspended in spirit 
(10 c.c.) and treated in the cold with sulphur dioxide, and more spirit (40 c.c.) was added for the 
recrystallisation. The yield (0-74 g.) was 28% (Found: I, 29-2. C,H, ,O,N,I requires I, 
29-2%). M. p. 301° (decomp.). The absorption maximum lies at 4 370 uy. 

2 : 2’-Dimethyl-5 : 6 : 5’ : 6'-dibenzoxacyanine Iodide—The crude dye obtained by the 
action of amyl nitrite and acetic anhydride on 1-methyl-«-naphthoxazole methiodide (3-5 g.) 
was ground with water and extracted with ether. Although the undissolved residue (0-86 g.) 
was almost colourless, its methyl-alcoholic suspension (10 c.c.) was treated with sulphur dioxide, 
after which recrystallisation from methyl alcohol (1500 c.c.) was effected. The yield was 17% 
(0-47 g.) (Found : I, 25-1. C,,;H,,O,N,I requires I, 25-1%). The substance remained unmelted 
at 320°, though decomposition was just beginning. The crest of the absorption band is at 
A 395 uy, but it is surprising that there is another strong band at 4 240 wu and a weaker one 
at A 295 py. 

2 : 2’-Diethyl-5 : 6: 5’ : 6’-dibenzoxacyanine Iodide—The crude dye from _ 1-methyl-s- 
naphthoxazole éthiodide (1-75 g.) was washed with water and with ether and the undissolved 
residue (0-46 g.) was suspended in spirit, treated with sulphur dioxide, and then recrystallised 
from spirit (550 c.c.). The crystals were obtained in 26% yield (0-35 g.) (Found: I, 21-7. 
C,,H,,0,N,I requires I, 23-8%). Melting had not occurred at 315°, though there were signs of 
decomposition. The absorption is similar to that of the preceding compound. 

2 : 2’-Dimethyl-3 : 4 : 3’ : 4'-dibenzoxacyanine Iodide.—2-Methyl-8-naphthoxazole methiodide 
(2-5 g.) was added to boiling acetic anhydride. On addition of amyl nitrite, the salt did not 
all dissolve; the mixture was therefore again brought to the boiling point and again treated 
with amyl nitrite. The crude product was purified by washing with water and with ether. 
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The undissolved residue (0-65 g.) was suspended in methyl alcohol and treated with sulphur 
dioxide, the dark brown solid becoming golden-yellow. More boiling methyl alcohol (490 c.c.) 
was added for solution. The yield of recrystallised product was 14% (0-38 g.) (Found: I, 
24-8. C,;H,,0,N,I requires I, 25-1%). M. p. 291° (decomp.). The absorption maximum 1s 
at A 405 wy. 

2 : 2’-Diethyl-3 : 4 : 3’ : 4’-dibenzoxacyanine iodide was prepared from 2-methyl-$-naphth- 
oxazole ethiodide (1-75 g.). The crude product (0-53 g.; 38% yield) changed from brown to 
yellow when its spirit suspension was treated with sulphur dioxide. After recrystallisation 
from spirit (200 c.c.), the yield was 14% (Found: I, 23-65. C,,H,,0,N,I requires I, 23-8%). 
M. p. 283° (decomp.), with previous shrinking. The absorption maximum lies at 4 402 uy. 


Kopak, LIMITED, WEALDSTONE, MIDDLESEX. (Received, April 24th, 1934.] 
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XXXIV. 2:2'-Dipyridyl Platinum Salts. 


By GILBERT T. MorGANn and Francis H. BursTALL. 


RECENT researches on the co-ordination compounds of metallic salts containing 2 : 2’-di- 
pyridyl have shown that this diamine furnishes a chelate group giving rise to compounds 
of remarkable stability and sometimes of exceptional colour (J., 1930, 2594; 1931, 2213; 
1932, 20). It was anticipated, therefore, that platinum compounds in co-ordination with 
this base might supply additional evidence as to the chemical structure of chelated platin- 
ammines. The formation of two dissimilar platinous salts of the empirical formula 
[PtCl, dipy] has already been recorded by us (J. Indian Chem. Soc., 1933, Ray No. 1) 
and later Rosenblatt and Schleede (Annalen, 1933, 505, 51) prepared four complex com- 
pounds to which reference will be made at the appropriate place. 

I. Two Forms of 8*-2: 2’-Dipyridylplatinous Chloride.—Bis-2 : 2'-dipyridyl platino- 
chloride, (2dipy)H,PtCl,, the first product from 2: 2’-dipyridyl, hydrochloric acid, and 
potassium platinochloride, changes in boiling water to pale yellow 8-2 : 2’-dipyridyl- 
platinous chloride (I), which also exists in a deep red, crystalline modification. The latter 
form of dichloride is obtained by the action of hot concentrated hydrochloric acid on the 
mixed tetrammine (IT) (vide infra) : 


en conc. HCl 
[PtCl, dipy] = [Pt dipy enjCl,,2H,O ao. [PtCl, dipy] 
dil. HCl en 
(I.) (II.) (I.) 

Yellow form. Red form. 
The yellow and the red chloride give the same chemical reactions. They both dissolve in 
aqueous solutions of amines, giving the same mixed tetrammines; chlorine gives only one 
2: 2’-dipynidylplatinic chloride (III); silver nitrate reacts with both chlorides with form- 
ation of the same yellow 2 : 2’-dipyridylplatinous nitrate (IV), whereas with both the yellow 
and the red chloride moist silver oxide furnishes oxidisable solutions of the dihydroxide, 
but hydrochloric acid regenerates only the yellow form. Ethylene dimethyl disulphide 
dissolves both chlorides with the formation of the same mixed salt. Moreover, solvents 
such as chloroform and methylene dichloride convert the red into the yellow form. The 
foregoing facts suggest that difference in colour of the two chlorides denotes some modific- 
ation in the arrangement of molecules in the crystal rather than a difference in chemical 
structure. Furthermore, the corresponding bromide (V) and iodide (V1) have so far been 
obtained each only in one form. 

II. Addition of Bases to 8-2: 2'-Dipyridylplatinous Chloride—(1) 2: 2'-Dipyridyl. 
Solutions containing bis-2 : 2’-dipyridylplatinous chloride (VII) are obtained when (I) is 
dissolved in excess of aqueous 2 : 2’-dipyridyl, but evaporation leads to a viscid yellow 

* The prefix f- refers to the cis-configuration, assuming a planar structure of 2 : 2’-dipyridyl and 
chlorine relative to the platinum atom (compare Drew, J., 1932, 2328, et seg.; Cox, Saenger, and Ward- 
law, this vol., p. 182). 
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gum decomposing into its generators, The presence of the complex (VII) is inferred by 
precipitation of the yellow plato-salt (VIII) and the iodide (IX). The foregoing plato- 
[PtCl, dipy] <- [PtCl, dipy] ““S [pt(No,), dipy] 
(III.) (1.) (IV.) 
(Yellow or red.) 


Ot Ma 


x 


[Pt 2dipy}Cl, —>» [Pt 2dipy]PtCl, (PtBr, dipy] 
(VIL.) (VIII.) (V.) 


[PtCl, 2dipy]PtCl, [Pt 2dipy]I,,2H,O —~> [PtI, dipy] 
(X.) (IX.) (VI.) 
(Red or biack.) 

salt is identical with the product obtained by heating potassium platinochloride and 2 : 2’- 
dipyridyl in aqueous medium, and Rosenblatt and Schleede (/oc. cit.), who obtained it 
by the latter method, concluded without experimental support that it was the monomeric 
compound [PtCl, dipy]. The iodide (IX) has been obtained in a red and a black form; 
the former passes into the latter on exposure of the dry salt. The black iodide, which 
probably has a binuclear structure, passes in turn into the simple iodide (VI) at 90°. 
Chlorine oxidises solutions of (VII), but the tetrachloride (ITI) is the only definite product 
obtainable from the viscid concentrate. Potassium platinochloride, however, furnishes 
the plato-salt (X) with the oxidised solution. Hydrochloric acid gives [PtCl, dipy] (yellow) 
in over 95% yield with a solution of (VII), and this is in marked contrast to the results 
obtained with the corresponding ethylenediamine and trimethylenediamine complex 
tetrammines, where a /rans-elimination of co-ordinated addenda predominates (Drew, J., 
1932, 2328; Drew and Tress, J., 1933, 1335). 

(2) Pyridine. Solutions containing the tetrammine [Pt dipy 2py]Cl, or triamine 
[Pt dipy py CIJCl or both are formed when the yellow and the red dichloride [PtCl, dipy] 
are dissolved in aqueous pyridine, but evaporation leads only to a viscid residue which 
gives red [PtCl, dipy] at 100°. Hydrochloric acid forms pyridine hydrochloride and 
yellow §8-[PtCl, dipy], whereas potassium platinochloride precipitates the #lato-salt 
[Pt dipy 2py]PtCl, or [Pt dipy py Cl],PtCl,. Chlorine oxidises the foregoing solution, 
but only the triamine [Pt dipy py Cl,]Cl,2H,O and the tetrachloride [PtCl, dipy] have 
been identified. 

(3) Ammonia. 2: 2'-Dipyridyldiamminoplatinous chloride dihydrate (XI) is formed by 
dissolving yellow or red [PtCl, dipy] in aqueous ammonia or when 8-[PtCl, 2NHs] is warmed 
with aqueous 2: 2’-dipyridyl. A monohydrate has also been obtained. 

2NH 


g-[PtCl, dipy] ““$ [Pt dipy 2NH,]Cl,,2H,O <"~ [PtCl, 2NH,] 
(I.) (XI) 
\ 


© j 
HCl . KI 


’ 


[Pt dipy NH, CIJC1,23H,O _—[Pt dipy 2NH,]I,,H,O 
(XII) (XIII) 


KI ser 


Heat 


(XIV.) [Pt dipy NH, I]I,H,O —-> @-[PtI, dipy] (V1) 
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Hydrochloric acid converts (XI) into 2 : 2’-dipyridylamminoplatinous chloride (24H,O) 
(XII) and finally into the yellow chloride (I). The foregoing tetrammine (XI) forms a 
platinochloride and in cold solution the iodide (XIII), which on warming with water readily 
loses ammonia, forming the iodide (XIV). This triammine on further heating gives the 
simple di-iodide (VI) with loss of ammonia. 

(4) Ethylenediamine. 2: 2'-Dipyridylethylenediaminoplatinous chloride dihydrate (II) 
is formed when the yellow and the red dichloride [PtCl, dipy] (I) are dissolved in aqueous 
ethylenediamine or when 6-[PtCl, en] is treated with aqueous 2: 2’-dipyridyl. With 
concentrated hydrochloric acid the mixed tetrammine (IT) gives the red form of the di- 
chloride (I), whereas dilute acid precipitates the yellow form of (I). With intermediate 
strength of acid it is possible to induce the co-precipitation of both red and yellow 2 : 2’- 
dipyridylplatinous chlorides. Exhaustive action of hydrochloric acid furnishes a 95% 
yield of (I). The mixed tetrammine (II) also furnishes the corresponding bromide (XV) 
and iodide (XVI). Hydrobromic acid gives only the yellow form of 8-2 : 2’-dipyridyl- 
platinous bromide (V) with the tetrammine (XV). 


‘ en ; di 
8-[PtCl, dipy] ~* [Pt dipy en]Cl,,2H,O <— 6-[PtCl, en] 
HCl 
(I.) (II.) 


CO. 
$ i 


[Pt dipy i O [Pt dipy en]Br,,2H,O be 8-[PtBr, dipy] 
(XV. (XV.) (V.) 


III. Chlorination of la 2: 2'-Dipyridyl Platinous Salis —In N-hydrochloric 
acid solution the tetrammine [Pt dipy 2NH,ICI,(1 or 2H,O) and the triammine 
[Pt dipy NH, Cl1JC1,24H,O are oxidised by chlorine to the corresponding platinic com- 
pounds (XVII) and (XVIII). Both these salts react with a further quantity of chlorine 
in the absence of hydrochloric acid, forming orange-yellow explosive substances in which 
chlorine is partially substituted for the hydrogen atoms of the ammonia molecules. The 
complex chloroamine compound obtained from (XVII) appears to be a mixture of the two 
derivatives (XIX) and (XX) in equimolecular proportion, whereas (XVIII) forms a com- 
plex salt corresponding to (XX). In a similar manner, chlorine oxidises the bivalent 


(XVII) [Pt dipy 2NH, Cl,]Cl,,2H,O [Pt dipy NH, Cl,|CIH,O (XVIII) 


(XIX,) | dipy Pt NHG, Cl, |Cl, [dipy Pt NH,Cl Cl,]Cl (XX.) 
platinum salt [Pt dipy en]Cl,,2H,O to the platinic derivative (X XI), which is dehydrated 
to the sesquihydrate over sulphuric acid. Further reaction takes place in the absence 
of much hydrochloric acid and the orange chloroamine compound (XXII) is precipitated. 
The foregoing novel co-ordination compounds (XIX), (XX), and (XXII) evolve chlorine 
with hydrochloric acid and explode violently when heated or even when struck. The 
formule devised for their structure are advanced tentatively, since binuclear and more 
complex structures are possible. Their formation is probably to be associated with the 
presence of dipyridyl, since in the absence of this diamine such chloro-derivatives have 


not been recorded previously. 

. . . NH,°CH 

(XXI) [Pt dipy en Cl,]Cl,5H,O | dipy heen = cl, |cl, xm) 

IV. Addition of Ethylene Dimethyl Disulphide to 8-[PtCl, dipy].—The disulphide 
CH,’S-C,H,*S:CH, “(ms) forms the unstable salt [Pt dipy ms]Cl, with both forms of 
b-{PtCl, dipy], and the same salt is also produced from 8-[PtCl, ms] and 2 : 2’-dipyridyl 
in aqueous medium. The foregoing mixed salt easily loses co-ordinated addenda in the 
solid state. Under normal conditions both diamine and disulphide are liberated, but 
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with 2N-hydrochloric acid only 8-[PtCl, ms] and 2 : 2’-dipyridyl hydrochloride are formed. 
These reactions correspond with those of the mixed salt [Pt en es]Cl,,H,O (es = ethylene 
diethyl disulphide) previously examined by Drew and Wyatt (this vol., p. 56). The con- 
stitution of the mixed salt is inferred from the isolation of the stable [Pt dipy ms]PtCl,. 


EXPERIMENTAL. 


I. Preparation and Properties of the Two Forms of 8-2: 2’-Dipyridylplatinous Chloride.— 
Bis-2 : 2'-dipyridyl platinochloride, (dipy),H,PtCl, separated as a pale buff, crystalline pre- 
cipitate when cold solutions of 2: 2’-dipyridyl (1-5 g.), 2N-hydrochloric acid (50 c.c.), and 
potassium platinochloride (2-0 g.) were mixed (Found: Pt, 30-3, 30-3; Cl, 21-5; N, 8-8. 
C,95H,,N,Cl,Pt requires Pt, 30-0; Cl, 21-8; N, 8-6%). An aqueous suspension of this salt 
decomposed on heating into the yellow form (I) and 2: 2’-dipyridyl hydrochloride. Caustic 
and carbonated alkalis at once liberated the diamine, whereas ammonia gave the green salt 
of Magnus and 2: 2’-dipyridyl. 

8-2 : 2’-Dipyridylplatinous chloride (yellow form of I), formed by boiling the preceding 
compound in aqueous suspension, was best prepared as follows: potassium platinochloride 
(4-01 g.) in water (500 c.c.), 2 : 2’-dipyridyl (1-56 g.), and 2N-hydrochloric acid (20 c.c.) were 
heated to boiling; the liquid then became filled with a mass of filamentous yellow needles. A 
further quantity was obtained by evaporating the filtrate. The yield was nearly quantitative 
(Found: Pt, 46-1; Cl, 16-4; N, 6-4. C,,H,N,CI,Pt requires Pt, 46-2; Cl, 16-8; N, 6-6%). 
This yellow form was sparingly soluble in chloroform and methylene dichloride. 

8-2 : 2’-Dipyridylplatinous chloride (red form of I) separated from a briskly boiling solution 
of (II) (vide infra) (0-5 g.) in concentrated hydrochloric acid (10 c.c.) (Found: Pt, 46-4, 46-5; 
N, 63%). This red chloride was slightly soluble in chloroform and methylene dichloride, 
giving yellow solutions from which only the yellow dichloride crystallised. In addition, the 
red salt became yellow on long boiling with either of the foregoing solvents. It was not altered 
below 290°. The two forms of (I) dissolved at different rates in aqueous pyridine. 

8-2 : 2’-Dipyridylplatinic chloride (III). The yellow form of (I) changed to a buff micro- 
crystalline deposit when chlorine was passed into its aqueous suspension (Found: Pt, 39-9; 
Cl, 28-2; N, 5-95. C,H,N,Cl,Pt requires Pt, 39-6; Cl, 28-7; N, 5-7%). The red variety 
speedily changed colour with chlorine, giving a precipitate indistinguishable from the product 
from (I) (yellow) (Found: Pt, 39-7%). The tetrachloride (III) was practically insoluble in 
organic media, but dissolved slowly in aqueous ammonia, pyridine, or ethylenediamine. 

8-2 : 2’-Dipyridylplatinous nitrate (IV). A suspension of the yellow form of (I) in water 
was treated at 90° with rather less than the theoretical quantity of silver nitrate until free 
from soluble silver salt; the small yellow needles of (IV) which then crystallised from the 
cooled filtrate slowly decomposed (Found: Pt, 41-5; N, 10-8, 10-8. C,j)H,O,N,Pt requires 
Pt, 41-1; N, 11-2%). The red variety became yellow with silver nitrate solution; the yellow 
filtrate then gave a nitrate similar to the previous preparation (Found: Pt, 41-3%). Both 
preparations gave the yellow dichloride with soluble chlorides. 

8-2 : 2'-Dipyridylplatinous bromide (V) was precipitated in yellow needles when (IV) 
was treated with a soluble bromide, but was best prepared by heating a solution of 
[Pt dipy en]Br,,2H,O (vide infra) with hydrobromic acid. Only the yellow form was obtained 
(Found: Pt, 37-9, 38-1. C,H,N,Br,Pt requires Pt, 38-2%). 

8-2 : 2’-Dipyridylplatinous iodide (V1) was formed when the tetrammine [Pt 2dipy]I,,2H,O 
(vide infra) was boiled in aqueous suspension or heated at 90°. This iodide was practically 
insoluble in organic media, but dissolved in ethylenediamine (Found: Pt, 32-1. C, ,H,N,I,Pt 
requires Pt, 32-3%). Only one form (yellow) was obtained. 

2: 2'-Dipyridylplatinous hydroxide. A deep brown solution containing this base was 
obtained when either the yellow or the red modification was heated in aqueous suspension 
with silver oxide in a stream of hydrogen. Hydrochloric, hydrobromic, or nitric acid gave 
only yellow chloride, bromide, or nitrate respectively with such solutions. 

II. Addition of Bases to 8-2 : 2’-Dipyridylplatinous Chloride.—(1) 2:2'-Dipyridyl. Asolution 
containing bis-2 : 2’-dipyridylplatinous chloride (VII) resulted when the yellow variety was 
dissolved in excess (2 to 3 mols.) of aqueous 2 : 2’-dipyridyl, but a viscid gum, decomposing 
into its generators, was obtained on evaporation. Hydrochloric acid precipitated the yellow 
form, which sometimes possessed a red tint. In one experiment the yellow chloride (1-0 g.) 
and 2 : 2’-dipyridyl (1-0 g.) in water (50 c.c.) were heated; the filtrate from undissolved salt 
(0-04 g.) was then treated with concentrated hydrochloric acid (25 c.c.) at 90°. The yellow 
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form recovered (0-936 g.) indicated a yield of 97-56%. 2: 2’-Dipyridyl hydrochloride was the 
only other product identified in the residue. The red changed to the yellow variety when 
heated with warm aqueous 2: 2’-dipyridyl; the yellow dichloride then dissolved. 

Bis-2 : 2’-dipyridylplatinous iodide dihydrate (IX) separated in yellow leaflets when cold 
solutions of (VII) and potassium iodide were mixed. The yellow crystals reddened slowly and 
then remained unchanged in contact with cold water. After being washed with water, alcohol, 
and ether, this red iodide was analysed at once (Found: Pt, 24-1. C,,H,., O,N,I,Pt requires 
Pt, 24.5%). On exposure or gentle heating the red iodide became black (Found: Pt, 24-2%). 
Heating at 90° gave (VI). 

Bis-2 : 2'-dipyridylplatinous platinochloride (VIII) was precipitated as a yellow micro- 
crystalline salt when solutions of (VII) and potassium platinochloride were mixed or when 
potassium platinochloride (2-01 g.) and 2 : 2’-dipyridyl (0-8 g.) were boiled together in aqueous 
medium (Found: Pt, 46-6, 46-2; Cl, 16-2. C,,H,,Cl,Pt, requires Pt, 46-2; Cl, 16-8%). This 
plato-salt possessed a deeper colour when prepared by the latter process than the product 
from direct synthesis. Both preparations became orange or red at 195—200° and gave the 
yellow form with hot hydrochloric acid. Phenoxtellurine di-bisulphate * produced an intense 
purple colour with this salt. 

Bis-2 : 2'-dipyridyldichloroplatinic platinochloride (X). Chlorine oxidised solutions of (VII), 
but the filtered solution gave only [PtCl, dipy] (Found : Pt, 39-1. Calc. : Pt, 39-6%). Addi- 
tion of potassium platinochloride, however, precipitated (X) in buff needles (Found: Pt, 42-8. 
CypH,gN,Cl,Pt, requires Pt, 42-7%). 

(2) Pyridine. Pale yellow solutions were formed when the yellow or the red dichloride 
was heated with aqueous pyridine. At room temperature evaporation gave viscid yellow 
gums decomposing into the yellow form and pyridine, but at 90—100° the red form resulted, 
although the colour of the dichloride varied from orange to deep red in different preparations 
(Found: Pt, 46-5. Calc.: Pt, 46-2%). Solutions prepared as above gave the yellow variety 
with hydrochloric acid, whereas potassium platinochloride formed the yellow piato-salt 
[Pt dipy 2py]PtCl, or [Pt dipy py Cl],PtCl, (Found: Pt, 45-5. C,9H,,N,Cl,Pt, requires Pt, 
461%. Csy9H,gN,Cl,Pt,; requires Pt, 46-2%). 

2 : 2'-Dipyridylpyridinotrichloroplatinic chloride dihydrate, [Pt dipy py Cl,]Cl,2H,O. Chlor- 
ine was passed into a cold solution of the yellow or the red dichloride in aqueous pyridine 
from which any excess of pyridine had been previously removed by boiling. The filtered 
concentrate was cooled at 0°; the tviammine then crystallised in pale yellow, filamentous 
threads and was air-dried (Found: Pt, 32-2, 31-7; Cl, 24-1; N, 6-4. C,;H,,O,N,;CIl,Pt re- 
quires Pt, 32-0; Cl, 23-3; N, 6-9%). Aqueous or alcoholic solutions of this triammine slowly 
decomposed into [PtCl, dipy], pyridine, and water. 

(3) Ammonia. 2: 2'-Dipyridyldiamminoplatinous chloride dihydrate (XI) crystallised during 
the slow evaporation of a solution of the yellow dichloride in excess of aqueous ammonia. 
The pale yellow needles were recrystallised from water or dilute hydrochloric acid and air-dried 
(Found: Pt, 39-0; Cl, 14:5; N, 11-4. C,)H,,N,Cl,Pt,2H,O requires Pt, 39-65; Cl, 14-5; 
N, 11-4%). The red form became yellow with warm aqueous ammonia and then dissolved 
to a yellow solution, from which the foregoing salt was isolated (Found: Pt, 39-4%). On 
warming with excess of aqueous 2: 2’-dipyridyl, @-[PtCl, 2NH,] dissolved completely, but 
some unchanged diammine crystallised when the filtered solution was cooled. Concentration 
with addition of ammonia gave the mixed tetrammine identical with the two previous prepar- 
ations. A monohydrate was formed by addition of alcohol to a concentrated solution of di- 
hydrate (Found: Pt, 40-9. C, ,H,,N,Cl,Pt,H,O requires Pt, 41:1%). Potassium platino- 
chloride gave a yellow plato-salt with a solution of the tetrammine, whereas hydrochloric acid 
finally precipitated the yellow form (0-5404 g. of [Pt dipy 2NH,]Cl,,2H,O gave 0-4574 g. of 
[PtCl, dipy] = 98-7% theory). 

2: 2’-Dipyridyldiamminoplatinous iodide hydrate (XIII) separated in yellow crystals when 
cold solutions of (XI) and potassium iodide were mixed (Found: Pt, 29-5; N, 8-5. 
Ci95H,,ON,I,Pt requires Pt, 29-7; N, 85%). This iodide decomposed on heating into the 
triammine (XIV) (vide infra) and finally into [PtI, dipy]. 

2 : 2’-Dipyridylamminoplatinous chloride (24H,O) (XII) was formed (a) as a by-product 
from the preparation of (XI), (b) by long boiling of (XI) with water, and (c) by heating (XI) with 
2N-hydrochloric acid until the dichloride [PtCl, dipy] began to separate. The reddish-yellow 
solution was filtered and cooled to 0°; the triamine then crystallised as an orange microcrystal- 


* We are indebted to Dr. H. D. K. Drew for a specimen of this substance. 
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line deposit. After recrystallisation this product was dried over sulphuric acid in a vacuum 
(Found: Pt, 40-3; N, 8-65. C, 9H,,N,Cl,Pt,2}H,O requires Pt, 40-3; N, 8-7%). This tri- 
ammine became crimson with cold water and then dissolved to an orange-yellow solution, 
from which, after long heating, hydrochloric acid precipitated the yellow dichloride, whereas 
potassium platinochloride gave a yellow plato-salt. 

2 : 2’-Dipyridylamminoplatinous iodide hydrate (XIV) separated as an orange-yellow powder 
(a) when solutions of (XII) and potassium iodide were mixed, (b) from hot solutions of (XI) 
and potassium iodide, and (c) when (XIII) was warmed with water (Found: Pt, 30-5; N, 6-6. 
C1 9H,,N,1,Pt,H,O requires Pt, 30-7; N, 6-5%). This iodide gave [PtI, dipy] on heating. 

2: 2'-Dipyridyldiamminodichloroplatinic chloride dihydrate (XVII) crystallised in almost 
white plates when chlorine was passed into a cold solution of (XI) in hydrochloric acid. A 
further quantity separated on addition of acetone to the filtrate. This preparation was air- 
dried (Found: Pt, 34-9. C,).H,,N,Cl,Pt,2H,O requires Pt, 34-65%). Over sulphuric acid in 
a vacuum the monohydrate was formed (Found : Pt, 35-7; loss of H,O, 3-8. C,9H,,N,Cl,Pt,H,O 
requires Pt, 35-8; 1H,O, 3-2%). 

2 : 2'-Dipyridylamminotrichloroplatinic chloride hydrate (XVIII) crystallised in flat greenish 
plates when chlorine was passed into a solution of (XII) in hydrochloric acid (Found: Pt, 
37-4; N, 8-13. C,9H,,N,Cl,Pt,H,O requires Pt, 37-0; N, 7-95%). 

The complex compounds (XIX) and (XX). When chlorine was passed into a neutral solution 
of (XVIII), the colour deepened and an orange-yellow explosive substance separated. 
The mixture was warmed and the solid was filtered off, washed with water, and dried [Found : 
Pt, 33-7, 33-9, 34-1; Cl, 34-2; N, 8-7. (Cy9H,,N,Cl,Pt + C,,.H,)N,Cl,Pt) requires Pt, 34-2; Cl, 
34-0; N, 8-5%]. 

The foregoing data indicated that this orange substance was a mixture of the two deriv- 
atives (XIX) and (XX) in approximately equal proportion. In warm neutral solution the 
triammine (XVIII) reacted with a further quantity of chlorine, giving an orange product 
similar to the preceding preparation (Found: Pt, 35-5; N, 7-9. Cy 9H, )N;Cl,;Pt requires Pt, 
35-8; N, 7-7%). It also dissolved in hot 2N-hydrochloric acid and gave (XVIII) with evolution 
of chlorine. 

(4) Ethylenediamine. 2: 2'-Dipyridylethylenediaminoplatinous chloride dihydrate (II) 
crystallised in pale yellow needles (a) when the yellow dichloride in aqueous ethylenediamine 
was evaporated and cooled (Found: Pt, 37-8; Cl, 13-9; N, 10-95. C,,H,,N,Cl,Pt,2H,O 
requires Pt, 37-65; Cl, 13-7; N, 10-8%). (b) The red dichloride became yellow with warm 
aqueous ethylenediamine and then dissolved; the tetrammine separated on addition of alcohol 
and was identical with preparation (a) (Found: Pt, 37-6%). (c) The compound §-[PtCl, en], 
made by the action of ethylenediamine on aqueous potassium platinochloride (Drew, /oc. cit.), 
dissolved slowly (4—5 hours) in aqueous 2: 2’-dipyridyl at 90°. The hot filtrate deposited 
some unchanged £-[PtCl, en] on cooling (Found : Pt, 59-6. Calc., 59-85%); (II) then separated 
on addition of alcohol and was identical with preparations from (a) and (b) (Found : Pt, 37-4%). 
The alcoholic residues furnished a little [PtCl, dipy] (yellow). Potassium platinochloride gave 
a yellow plato-salt with this mixed tetrammine, whereas hydrochloric acid precipitated the 
yellow or the red form of (I) according to the dilution of the acid; (1) 0-03 g. of (II) in 
10 c.c. of N-hydrochloric acid at 100° gave yellow [PtCl, dipy]; (2) 0-03 g. of (II) in 1 c.c. of 
concentrated hydrochloric acid at 100° gave red [PtCl, dipy]; (3) 0-03 g. of (II) in 4 c.c. of 
2N-hydrochloric acid usually gave a mixture of the red and the yellow dichloride. Exhaustive 
action of hydrochloric acid gave a 95-3% yield of yellow dichloride [0-5368 g. of (II) gave 0-4132 g. 
of (I)]. Ethylenediamine hydrochloride was the only definite compound identified in the residue. 

2 : 2’-Dipyridylethylenediaminoplatinous bromide dihydrate (XV), prepared by successive 
action of silver carbonate and hydrobromic acid on a solution of (II), separated in pale yellow 
needles which gave yellow [PtBr, dipy] with hydrobromic acid (Found: Pt, 32-5; N, 9-3. 
C,,H,,N,Br,Pt,2H,O requires Pt, 32-2; N, 9-2%). 

2 : 2’-Dipyridylethylenediaminoplatinous iodide hydrate (XVI) crystallised in yellow 
needles when an aqueous solution containing (II) and potassium iodide was cooled (Found: 
Pt, 28-4. Calc.: Pt, 28-6%) (compare Rosenblatt and Schleede, Joc. cit.). 

2 : 2’-Dipyridylethylenediaminodichloroplatinic chloride pentahydrate (XXI) crystallised in 
almost white, glistening leaflets when chlorine was passed into a concentrated solution of (II) 
in N-hydrochloric acid. A further quantity was obtained from the filtrate by addition of 
acetone. The product was air-dried (Found: Pt, 30-3, 30-0. C,,H,,N,Cl,Pt,5H,O requires 
Pt, 30-35%). This pentahydrate lost 3} molecules of its combined water over sulphuric acid 
in a vacuum (Found: loss, 10-1. Calc. for 3}H,O, 9-8%). 
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The compound (XXII). When chlorine was passed into a warm neutral solution of the 
foregoing platinic salt, an orange-yellow insoluble product separated. This was washed with 
warm water and alcohol (Found: Pt, 34-1; N, 9-5; Cl, 30-7. C,,H,,;N,Cl,;Pt requires Pt, 
33-2; N, 9-6; Cl, 30:-2%). This product liberated chlorine with hydrochloric acid, but was 
otherwise more stable than the corresponding ammonia compounds (XIX) and (XX). 

IV. Addition of Ethylene Dimethyl Disulphide to [PtCl, dipy].—2 : 2’-Dipyridylethylene- 
dimethyldisulphineplatinous chloride was formed in solution when the yellow dichloride was 
dissolved in the aqueous disulphide. The red dichloride became yellow with the sulphur 
compound and then dissolved. The dichloride §-[PtCl, ms], prepared from potassium platino- 
chloride and ethylene dimethyl] disulphide, was dissolved in aqueous 2: 2’-dipyridyl. Acetone 
precipitated the mixed salt, but the product was too unstable to be analysed. Potassium 
platinochloride furnished the plato-salt [Pt dipy ms]PtCl, (Found: Pt, 47-8. C,,H,,N,Cl,S,Pt 
requires Pt, 48-2%). 
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202. Complex Compounds of the Olefins with Metallic Salts. 
Part I. Zeise’s Salt. 


By J. STUART ANDERSON. 


Tue ability of olefinic compounds to enter into complex formation with metallic salts has been 
known since Zeise (Pogg. Ann., 1831, 21, 497) obtained the compound K[PtCl,,C,H,],H,O 
from the products of reduction of platinic chloride with alcohol. The number of such metal 
salt-olefin complexes has since been considerably extended, but the subject has received no 
systematic study. The literature indicates that, although the capability of combining with 
olefins is widely distributed among the metals [cf. Kondakov’s zinc chloride-amylene 
compounds, ZnCl,,C;H. (Chem. Listy, 1930, 24, 1), the numerous mercury salt—olefin com- 
pounds, and the work of Gangloff and Henderson (J. Amer. Chem. Soc., 1917, 39, 1420) on 
compounds with iron and aluminium chlorides], yet it is most strongly exhibited by plati- 
num. In addition to Zeise’s salt, homologous compounds derived from propylene and 
amylene K[PtCl,,X] (X = C,H, or C;H,9) were prepared by Birnbaum (Amnalen, 1869, 145, 
67), and Chojnacki (Jahresber., 1870, 510) obtained the analogous ethylenetribromoplatinite, 
K[PtBr3,C,H,]. 

The ability to form such compounds is not limited to hydrocarbons. Biilmann and his 
co-workers (Zenir., 1917, I, 562) prepared a number of analogous substances containing 
unsaturated acids, alcohols, and aldehydes, and more recently, Pfeiffer and Hoyer (Z. anorg. 
Chem., 1933, 211, 241) have shown that in these substances it is actually the ethylenic link- 
age which is functioning, being a specific co-ordinating group for platinum. While, there- 
fore, the property is common to all ethylenic compounds, the complexes containing the 
hydrocarbons are most suited for systematic study, the interpretation of their constitution 
being free from any ambiguity. 

The interest and importance of this group of compounds lie in the fact that, while 
demarcated in no way chemically from other types of complex salt (cf. Jérgensen’s com- 
parison of Zeise’s salt with Cossa’s salt, Z. anorg. Chem., 1900, 24, 158), the mechanism of 
complex formation is obscure in that the co-ordinated molecule possesses no “ lone pair ” of 
electrons with which to form the co-ordinate link. Moreover, Smyth and Zahn (J. Amer. 
Chem. Soc., 1925, 47, 2501) found ethylene to have zero dipole moment; data for other 
olefins are scanty, but the moment is certainly small in all cases. 

The object of this series of papers is the investigation of this structural problem, by 
determining the manner in which decomposition products, molecular symmetry, stability, 
etc., are affected by systematic variation of the olefin component. The present paper deals 
with the principal reactions of Zeise’s salt. 

Zeise considered that he had obtained the basic compound of the series, PtCl,,C,H,, by 





972 Anderson : Complex Compounds of the 


precipitating his ammonium salt with chloroplatinic acid. His product consisted probably 
C.H Cl Cl of the more or less decomposed acid of the series. Ethylene- 
: cp>Pt<¢p>Pt<¢ H, Platinous chloride (I) may, however, be isolated from the 
: "4 solution obtained by reducing sodium chloroplatinate with 
(I.) alcohol by evaporation below 50° in a high vacuum. A tarry, 
brown, strongly acid mass is obtained, from which (I) may be separated by extraction 
with chloroform, followed by recrystallisation from benzene: it is thereby obtained in 
well-formed orange crystals, showing roughly parallel extinction. It is somewhat soluble 
in chloroform, but not very soluble in cold benzene (about 30 mg. in 10 c.c.). An ap- 
proximate molecular-weight determination by the Barger—-Rast method points to the 
dimeric form, in agreement with that found for PtCl,,P(OEt), by Rosenheim and Léwen- 
stamm (Z. anorg. Chem., 1903, 37, 394). 

The representation of (I) and its derivatives as compounds of bivalent platinum is 
justified beyond doubt by the following considerations. (a) Zeise’s acid is formed by the 
direct absorption of ethylene by platinous chloride dissolved in alcoholic hydrochloric acid 
(Birnbaum, /oc. cit.) ; moreover, the analogous compounds of olefinic alcohols, etc., were 
obtained by Pfeiffer and Hoyer by the direct action of the unsaturated compounds on 
potassium chloroplatinite. (b) The action of excess pyridine on Zeise’s salt leads to the 
formation of PtCl,,2C;H;N (see below). (c) Any formulation involving quadrivalent 
platinum would necessarily introduce covalencies linking the hydrocarbon to the platinum 
atom (7.¢., representation as an alkylplatinum derivative) ; such a structure is very unlikely 
in view of the ready quantitative liberation of ethylene by various reagents. For the same 
reason, the structure advanced by Drew, Pinkard, Wardlaw, and Cox (J., 1932, 997) must 
be definitely eliminated. 

(I) decomposes without melting at 125—130°, and does not combine with a further 
molecule of ethylene, unlike PtCl,CO, which readily forms PtCl,(CO),. The higher thermal 
stability of the carbonyl compounds is to be related to the fact that carbonyl chloride (the 
probable first product of decomposition of PtCl,CO) itself reacts with platinum to give 
PtCl,CO at temperatures below 260°. With ethylene dichloride or other chlorinated 
compounds resulting from the breakdown of (I), this type of reaction does not occur. 

The compound (I) is rapidly and quantitatively reduced by hydrogen at room temper- 
ature to platinum ; the hydrogen chloride being absorbed by alkali, there was a net diminu- 
tion of volume corresponding to 1 mol. of gas per formula weight of (I): PtCl,,C,H, + 
2H, = Pt + 2HC1 + C,H,. With aqueous potassium chloride, quinoline, amines, etc., 
(I) reacts to give compounds of the types described below. 

The quinolinium salts of the olefintrichloro-platinites and -palladites are characterised 
by relatively high stability and low solubility. Quinolinium ethylenetrichloroplatinite (II) is 
stable enough to be recrystallised from boiling water; in presence of 1 mol. of quinoline, it 
passes into the non-electrolyte, guinolinoethyleneplatinous chloride (III), 


C,H,N 
(IL) CyH,NH[PtCl,,C,H,] => [CyH,N,PtCh,C,H,] (HL) 
HCl 


the reaction being reversed by hot 2N-hydrochloric acid. The salt (II) melts with decom- 
position about 130°. 

There is some evidence that carbon monoxide and ethylene play exactly analogous 
réles in co-ordination compounds, a fact which may have significance for the interpretation 
of the structure of both olefin complexes and metal carbonyls. For instance, ethylene, like 
carbon monoxide, forms a loose compound with ammoniacal cuprous chloride (Manchot and 
Brandt, Annalen, 1911, 370, 286), and Reihlen (ibid., 1930, 482, 161) has reported volatile 
iron carbonyls in which carbon monoxide (2 mols.) is replaced by butadiene and its homo- 
logues. In agreement with this view, the reactions of K[PtCl,,C,H,],H,O are the counter- 
parts of those of the formally similar potassium carbonyltrichloroplatinite, K[PtCl,,CO]},H,O 
(Mylius and Foerster, Ber., 1891, 24, 2424); ¢.g., potassium cyanide effects vigorous de- 
composition, ethylene being liberated quantitatively according to the equation 


K[PtCl,,C,H,] + 4KCN = K,Pt(CN), + 3KCl + C,H,. 
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Other reagents which can give rise to complex platinites K,PtX, tend to react similarly, but 
the extent to which liberation of ethylene occurs at room temperature varies with the 
nature of the complex involved (cf. reaction with potassium nitrite, below). The reaction 
probably proceeds by an initial metathesis to a complex K[PtX;,C,H,], which may break 
down spontaneously or in presence of excess of reagent. For X = CN, breakdown is 
immediate and quantitative; for X = NO,, however, only about 10% of the ethylene is 
evolved at room temperature. The reaction is completed by heating, but the volume of 
the gaseous products is only about 75% of the theoretical. The deficiency is accounted for, 
in part at least, by hydration of the ethylene, for the condensate in a trap at — 50° con- 
tained alcohol (iodoform test). It is possible, in view of the deficiency in the ethylene 
liberated by pyridine (below), that polymerisation of the ethylene, and other side reactions 
may also be operative. The reaction with potassium thiocyanate is intermediate between 
those with cyanide and with nitrite. 

If ethyleneplatinous chloride is dissolved in hydrobromic acid and warmed, addition of 
quinoline hydrobromide gives rise to a red crystalline product having the properties ex- 
pected of the quinoline salt of Chojnacki’s acid (/oc. cit.), CJH;NH[PtBr3,C,H,]. This is less 
stable than the salt (II), and is decomposed by hot water. 

Compounds of the general type K[PtX ,C,H,] appear, therefore, to decrease in stability 
in the order X = C1>Br>NO,>CNS>CN. 

With water, Zeise’s salt undergoes a reaction above 90° exactly analogous to that of 
K[PtCl,,CO] (Mylius and Foerster, Joc. cit.), viz., K[PtCl,,CO] + H,O = KCl + 2HCI + 
Pt + CO,. In the present case, the products might be expected to contain either (a) 
ethylene glycol (possibly also ethylene chlorohydrin), if the ethylene double linkage were 
in some manner symmetrically co-ordinated to the platinum atom, as Pfeiffer originally 
suggested (‘‘ Organische Molekiilverbindungen,” 1922, p. 14), or (b) acetaldehyde, if the 
co-ordinate link is formed by one of the carbon atoms. 

Experiments in which Zeise’s salt was heated with water in a sealed tube led to rapid and 
complete deposition of platinum, and the recovery of about 60% of the ethylene as such, 
indicating that the first product of the hydrolytic fission possessed reducing properties, 
attacking undecomposed salt. The aqueous solution reduced cold alkaline permanganate, 
but yielded no oxalate. When, however, the aqueous solution of Zeise’s salt was heated at 
100° in a stream of nitrogen, and the gases were bubbled through saturated aqueous 
dimethyldihydroresorcinol, the characteristic dimethone of acetaldehyde (m. p. 139°) was 
deposited. The reaction is therefore : 


K[PtCi;,C,H,] + H,O = KCl + 2HCl + Pt + CH,CHO 


Pyridine reacts with Zeise’s salt, causing immediate, almost quantitative evolution of 
ethylene, and forming dipyridinoplatinous chloride. The extreme insolubility of the 
product would indicate it to be the 8-compound of Drew, Pinkard, Wardlaw, and Cox (J., 
1932, 1000). Excess of aqueous pyridine also brings about the slow liberation of ethylene, 
leaving ultimately a colourless solution of tetrapyridinoplatinous chloride. 


anhydrous C,H,N 


| v 


aqueous 


C,H,N 
aqueous 
C,H,N 


Pt(C;H;N),Cl, 





EXPERIMENTAL. 


Ethyleneplatinous Chloride.—Pure sodium chloroplatinate (10 g.) was refluxed with alcohol 
(70—100 c.c.) until a test portion no longer gave a precipitate with ammonium chloride. Purity 
of the chloroplatinate seems to be an important factor in minimising the deposition of platinum 
during the reduction. The solution was filtered from deposited sodium chloride, and evaporated 
as far as possible in a vacuum below 50°. Soluble matter was extracted with chloroform from 
the strongly acid residue, which tended to crystallise slowly on keeping, the solution evaporated, 
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and the process repeated. The product was dissolved in the minimum quantity of hot benzene, 
decanted from an aqueous tarry sludge, and crystallised. Recrystallisation from benzene gave 
pure material (Found: Pt, 66-2; Cl, 24-4. Calc. for C,H,Cl,Pt: Pt, 66-4; Cl, 241%). The 
aqueous sludge contained much H[PtCl,,C,H,], together with organic matter derived from con- 
densation of the acetaldehyde produced in the reduction. 

Reduction of Ethyleneplatinous Chloride.—A weighed quantity of pure material was exposed to 
hydrogen, in presence of a pellet of potassium hydroxide to absorb hydrogen chloride. The 
hydrogen absorption was measured manometrically : 18-79 mg. absorbed 1-45 c.c. at N.T.P., 
i.e., 1-014 mols. per formula-weight (see p. 972). 

Zeise’s salt, K[PtCl,,C,H,],H,O, was prepared from the alcoholic solution from the reduction 
process (above) by Jérgensen’s method (/oc. cit.), and recrystallised from dilute hydrochloric acid. 

Quinolinium ethylenetrichloroplatinite was precipitated from solutions of Zeise’s salt by 
addition of an excess of quinolirie, dissolved in hydrochloric acid. Recrystallisation from 
acidified water gave long, lemon-yellow, rhombic needles (Found: Pt, 42-2; Cl, 23-0; N, 3-2. 
C,H,N[PtCl,,C,H,] requires Pt, 42-5; Cl, 23-1; N, 3-1%). An identical product (Found: Pt, 
42-5; Cl, 23-05%) was obtained by dissolving the following compound in hot 2N-hydrochloric 
acid. 

Quinolinoethyleneplatinous chloride was obtained by the action of aqueous quinoline on 
solutions of Zeise’s salt. Recrystallisation from much hot water yielded a pale yellow micro- 
crystalline powder (Found: Pt, 46-2; Cl, 17-2, N, 3-4. C,H,N,PtCl,,C,H, requires Pt, 46-1; 
Cl, 16-8; N, 3-3%). 

Reactions of Zeise’s Salt.—Weighed quantities of salt were treated with concentrated aqueous 
solutions of potassium cyanide, nitrite, or thiocyanate in a reaction flask connected through a 
trap at — 50° toa Toepler pump. Gaseous products were pumped out and measured, and the 
condensate in the trap tested for alcohol. Potassium cyanide liberated 7-5% of ethylene (calc. 
for K[PtCl,,C,H,],H,O: 7-2%). Pyridine yielded ethylene and dipyridinoplatinous chloride 
(Found: Pt, 45-9; N, 6-7. Calc.: Pt, 46-0; N, 6-6%). 


The author is indebted to the Chemical Society for a grant. 
IMPERIAL COLLEGE, LONDON, S.W. 7. [Received, May 17th, 1934.] 





203. The Oxidation of Arsenic in Nitrous Oxide and in Oxygen. 
By A. G. H. DAMERELL and H. J. EMELEus. 


OXIDATION by nitrous oxide occurs in general only under conditions such that a preliminary 
thermal decomposition into nitrogen and oxygen may take place. It is usually assumed, 
for example, that when an element such as phosphorus is burning in nitrous oxide, the heat 
of the flame is sufficient to decompose the oxide in the vicinity and furnish the supply of 
oxygen for combustion. Again, in the case of a homogeneous reaction such as that between 
nitrous oxide and hydrogen (Melville, Proc. Roy. Soc., 1933, A, 142, 524), the decomposition 
of an excited nitrous oxide molecule to yield an oxygen atom is one of the essential steps 
postulated for the initiation of a reaction chain. Sabatier and Senderens’s work on the 
oxidation of metals and their oxides in oxides of nitrogen (Compt. rend., 1895, 120, 618, 
1212; Bull. Soc. chim., 1895, 18, 870) affords one of the few direct indications yet obtained 
that any specific oxidising action can be attributed to nitrous oxide itself. These authors 
found, e.g., that iron will burn in a stream of nitrous oxide at 170°, forming ferric oxide, and 
nickel is oxidised with incandescence at 300°. These reactions are almost certainly hetero- 
geneous, but their interest lies in the fact that they take place at a temperature well below 
that at which nitrous oxide will decompose on an inert metal surface, such as that of gold or 
platinum. The decomposition on platinum is conveniently measurable only between 
600° and 1200° (Hinshelwood and Pritchard, J., 1925, 127, 327). The oxidation of arsenic 
was chosen for further study in this connexion because its surface resembles that of a metal, 
but its trioxide, which is the principal oxidation product, is volatile above 300° and will not 
contaminate the surface; the oxidation therefore affords a satisfactory means both of 
studying the mechanism of oxidation by nitrous oxide and of comparing it with that in 
oxygen. 
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The arsenic-oxygen reaction between 200° and 300° has already been studied (Emeléus, 
J., 1927, 783), and is found to exhibit chemiluminescence, and to be characterised by an 
upper critical oxidation pressure, or “‘ glow pressure.” The chemiluminescence in a gas 
stream is inhibited by vapours such as benzene, or by sulphur dioxide, a strong indication 
that the oxidation is a chain reaction. 


EXPERIMENTAL. 


The arsenic was purified as previously described (Emeléus, Joc. cit.). Oxygen was obtained 
by heating potassium permanganate contained in an evacuated Pyrex flask, connected directly 
by a ground joint with the apparatus; it was freed from carbon dioxide and moisture by slow 
passage through a liquid-oxygen trap, and was stored in glass bulbs before use. Nitrous oxide 
was taken from a cylinder. It was dried by phosphoric oxide, condensed with liquid oxygen, 
and freed from permanent gases by pumping with a mercury diffusion pump, vaporising, 
recondensing, and repumping. The gas was finally distilled in vacuum into a large storage 
globe. 

Temperature of Incipient Decomposition and Reaction of Nitrous Oxide.—The thermal decom- 
position of nitrous oxide between 565° and 852° has been investigated by Hinshelwood and Burke 
(Proc. Roy. Soc., 1924, A, 106, 284). Extrapolation of their results shows that a very small 
decomposition rate is to be anticipated between 350° and 500°, which are the approximate 
temperature limits for reaction between nitrous oxide and arsenic. Three direct experiments 
were made to determine the actual rate of decomposition of nitrous oxide under the conditions 
to be employed subsequently. The nitrous oxide was heated in a 100 c.c. Pyrex flask connected 
by a ground joint to a constant-volume capillary manometer, with connexions to the pumps and 
to the nitrous oxide storage bulb. The bulb was heated in a well-lagged electrically heated fur- 
nace of 10 cm. internal diameter, 25 cm. long, and uniform in temperature to + 1° over the 
middle 12 cm. of its length. All pressure readings in the results recorded below were made with 
the reaction bulb in a bath at 20°; time (#) is recorded in hours, and pressure (p) in mm. 


I, II. III. 
Furnace temp. = 350°. Furnace temp. = 460°. Furnace temp. = 500°. 
t. p. t. p. t. p. t. p. t. p. t. p. 
00 581-1 96°7 583:2 0-0 583-2 64:0 589°5 0-0 280-7 680  287:1 
220 582°1 117°0 583-2 185 5847 81:0 593-0 25°0 282-7 87:0 289°9 
46°5 583°3 415 58771 157:°0 593-1 48:0 284°4 


There is evidently no appreciable pressure increase, due to decomposition of nitrous oxide, at 
350°, and at 460° the reaction is still slight. Values of the velocity constant for the decom- 
position at 500° and 460° are 24 x 10* and 5-9 x 10°, compared with 18 x 10* and 1-4 x 10° 
as extrapolated from Hinshelwood and Burke’s data (loc. cit.). The approximate temperature 
below which thermal decomposition of nitrous oxide can reasonably be neglected as a factor in its 
oxidation reactions is therefore taken as 400°. 

Measurements were next made to determine the temperature at which arsenic is oxidised by 
nitrous oxide. The method employed was to heat 1—3 g. of purified arsenic in a cylindrical bulb 
of 150 c.c, capacity in an atmosphere of nitrous oxide at a definite temperature. All connexions 
in the apparatus were of fine capillary, and a constant-volume capillary manometer was again 
employed. Asa preliminary, duplicate analyses were made of the oxidation product of purified 
arsenic heated at 360° and 420° for 72 hours in a 500 c.c. bulb containing nitrous oxide. The 
arsenious oxide formed was first estimated iodometrically, and the total arsenate in the product 
was estimated as magnesium ammonium arsenate by the method of Dick (Z. anal. Chem., 1933, 
93, 429). At 360° the product consisted of at least 99% of pure arsenious oxide, and at 420° it 
contained 5-8% of arsenic oxide. In the latter case the arsenic had apparently burnt in the 
nitrous oxide. These results agree with those of Bloch on the combustion of arsenic in oxygen, 
in which up to 5% of arsenic oxide was found in the product (Compt. rend., 1909, 149, 775). 

If formation of arsenious oxide be taken as the main reaction, the amount of nitrogen pro- 
duced may be taken as a measure of the amount of oxidation. To determine the temperature of 
the initial reaction between nitrous oxide and arsenic, the latter was therefore heated for 18 hours 
at each of eight temperatures between 190° and 370°. After each period of heating, the furnace 
was lowered, and the quantity of residual non-condensable gas was measured by immersing the 
bulb in liquid oxygen up to a fixed mark on the capillary neck. The results are tabulated below. 
The initial pressure of the nitrous oxide was 402-2 mm., and all the observations were made in 
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succession with this one filling of the bulb. This accounts for the decrease in reaction rate at 
the higher temperatures, when the nitrous oxide was approaching exhaustion. 


Furnace temp. 190° 205° 235° 265° 290° 325° 355° 370° 
Press. of N, at liquid-oxygen temp.(mm.) 1°1 3°0 3°3 4°3 262 7571 1273 154°0 
Increase in press. of N, (mm.) 11 19 0°3 1-0 219 48:9 52°2 26°7 


The above results show that there is a very sudden increase in the rate of reaction between 
arsenic and nitrous oxide between 265° and 290°. As is shown later, this abrupt rise is un- 
accompanied by any flame phenomena. The exact temperature at which the break occurs will 
probably depend on the condition of the arsenic surface; indeed, we have observed repeatedly 
that the presence of moisture will produce a film on the arsenic grains which retards the reaction 
considerably. 

Surface Reactions of Arsenic with Nitrous Oxide and Oxygen.—The vapour pressure of arsenic 
has not been recorded at temperatures below 400°, at which it is 6 mm., but extrapolation of 
available data (Landolt—Bornstein “‘ Tabellen ”’), shows that at 250—305° it will be of the order 
of 0-5—2mm. This low vapour pressure will favour a surface reaction of arsenic with oxygen or 
nitrous oxide, but further evidence that such was the case was sought in the relation between the 
reaction rate and the extent of the arsenic surface. A sample of purified arsenic was sieved 
between meshes 8—10 to the inch, and various amounts of this graded sample were introduced in 
turn into a cylindrical bulb (15 cm. long and 2 cm. internal diameter). Heating was carried out 
in nitrous oxide at an initial pressure of 600 mm. at 377° for 5 hours for each quantity of arsenic, 
the amount of oxidation in each case being measured by the amount of non-condensable gas 
formed. The results of such a series of experiments with arsenic and nitrous oxide are tabulated 
below : 


Weight of arsenic (g.) ‘ " 5:0 10°0 
Press. of N, at liquid-oxygen temp. (mm.) .. , j 45-0 90°5 
Ratio of nitrogen pressures 4 55 11-0 

The figures show a correspondence between the amount of oxidation and the quantity of 
arsenic up to 10g. With greater weights of arsenic the amount of oxidation did not increase ; 
this was probably due to the difficulty in obtaining diffusion of nitrous oxide into the lower 
layers of arsenic. 

In the reaction between oxygen and arsenic, direct manometric observations of the reaction 
rate are possible, and these were made with various quantities of arsenic as in the case of nitrous 
oxide. The temperature used was 239°, at which there is no chemiluminescence. The results 
are shown in Fig. 1. The pressure of oxygen decreased linearly with time over the pressure 
range 15—50 cm., which is consistent with the reaction’s taking place at the surface. The slope 
of the lines representing the rates for 1, 2-5, 5-0, and 10-0 g. are given by tan a, = 0-36, 
tan «, = 0-88, tan «a, = 2-00, and tan «, = 3-60. The ratios of the rate of oxidation to the 
weight of arsenic used are as follows: 1:1, 2-5: 2-4, 5-5:5, 10: 10. 

Negative Tests for Chemiluminescence and Upper Critical Oxidation Pressure in the Reaction 
of Arsenic with Nitrous Oxide.—Nitrous oxide was freed from any traces of oxygen by slowly 
passing the gas through two slightly inclined tubes, each 1 m. long, containing a solution of 
chromous chloride. The gas was then passed over a sample of 5 g. of arsenic, heated in a furnace 
fitted with an observation window. The arsenic was found to ignite between 410° and 450°, 
depending on the conditions of heating, but careful observation in the dark failed to reveal any 
chemiluminescence at temperatures just below the ignition point. The flame appeared quite 
suddenly in each case. For comparison purposes, the earlier observations on the chemi- 
luminescence of arsenic in oxygen just below the ignition temperature were repeated and 
confirmed. 

A further series of experiments was made to determine if a glow pressure was observable in 
the reaction between nitrous oxide and arsenic, corresponding with that in the arsenic-oxygen 
reaction (Emeléus, Joc. cit.). The first method used was to heat the arsenic for 2 hours in nitrous 
oxide at each of a series of pressures from 500 mm. to 30 mm. at temperatures from 260° to 380°, 
measuring the nitrogen formed at each stage. Chemiluminescence, or a “ glow pressure,” 
would be accompanied by an abrupt increase in the reaction rate at a certain reduced pressure, 
shown by an increased formation of nitrogen, and was in no case observed. These runs were 
confirmed by visual observations carried out in a dark room, the pressure of the nitrous oxide in 
contact with the arsenic being slowly reduced by pumping whilst the arsenic was heated. Again, 
no chemiluminescence was detected at pressures down to 1 cm. between 300° and 400°. The 
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earlier observations on the glow pressure of arsenic in oxygen were confirmed in a series dere 
experiments made for comparison. 

Oxidation of Arsenic in Oxygen at Low Pressures.—Reference has already been made to the 
chief characteristics of the reaction between arsenic and oxygen. Hitherto, no observations 
have been recorded on the occurrence of a lower critical oxidation pressure in this case. It was 
with the object of obtaining information on this point, and in this way of linking the reactions 
more closely with the theory of chain reactions, that the experiments described below were 
carried out. It should be noted that the work of Semenoff and others on the lower critical 
oxidation pressure of phosphorus (Z. Physik, 1926, 39, 547; 1928, 46, 109) deals with the re- 
actions of phosphorus vapour, whereas the work on arsenic has so far been carried out in presence 
of a solid arsenic surface. As is shown below, however, it is possible to differentiate between the 
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surface and the gas reaction, and in this way to obtain definite evidence for the existence of a 
lower critical oxidation limit. 

The arsenic (2-5 g.) was packed around the bulb of a thermometer in a tube of 2 cm. internal 
diameter and 35 cm. long, which was connected to a pumping system, a reservoir of oxygen, and 
to a reduced barometer (U-gauge) and a McLeod gauge. In the first series of experiments the 
arsenic was heated to a definite temperature between 260° and 310°, and pure oxygen was 
admitted to a pressure between 2 and 4cm. The thermometer recorded an immediate rise of 
6—8°, a chemiluminescence was observed, and the pressure commenced to fall rapidly as the 
arsenic was oxidised. 

The results of five such experiments are shown in Fig. 2. The four upper curves, obtained at 
temperatures between 266-5° and 306°, show a break in the curve at a pressure between 10 mm, 
and 4 mm., the value being lower at the higher temperatures. At the pressure corresponding to 
this break, the temperature dropped to the value at which the experiment was started, i.e., that 
recorded in each case on the graph. The lowest curve was obtained at 306°, and the initial 
oxygen pressure employed was below that at which the break would occur at this temperature for 
a higher initial oxygen pressure. There was no temperature rise in this case on admitting the 
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oxygen, and there was no chemiluminescence. The rapid oxidation is accompanied by chemi- 
luminescence, while the slower rate (that below the break in the curve) represents a non-luminous 
reaction. The break in the curveis believed to representa pressure below which the vapour-phase 
reaction (i.e., the luminous reaction) ceases, and corresponds to the critical oxidation pressure. 
The values of this critical pressure at 266-5°, 280°, 291°, and 306° were respectively 10, 8, 5, and 
4mm. A further series of experiments was made, a calibrated McLeod gauge being used. Oxygen 
was admitted through a fine capillary to a pressure of 2—4 mm., and it was found that the slow 
(surface) reaction only was observed, and continued down to the limit of the McLeod gauge 
(0-001 mm.). There is no reason why such a surface reaction should show the limit phenomena 
characteristic of vapour-phase chain reactions. The pressure below which the chemiluminescent 
oxidation of arsenic ceases is much higher than that for phosphorus (Semenoff, Joc. cit.), the latter 
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being of the order of a fraction of a mm., and being independent of temperature. The dependence 
on temperature observed in the experiments described here is due to the fact that the temperature 
controls the vapour pressure of arsenic, as well as the reaction rate. The decrease in critical 
oxidation pressure with increasing temperature is therefore probably due to a greater arsenic 
pressure at the higher temperature. From this point of view the results are in accordance with 
observations on phosphorus oxidation. Experiments are being made on the oxidation of arsenic 
vapour in the absence of a solid arsenic surface which will provide an even clearer parallel with the 
work on phosphorus. 
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DISCUSSION. 


The mechanism suggested by Hinshelwood for the decomposition of nitrous oxide at the 
surface of platinum or gold entails the decomposition of the nitrous oxide molecule into a 
nitrogen molecule and an oxygen atom, followed by recombination of the oxygen atoms at 
the surface. The fact that the reaction of nitrous oxide on arsenic or on a metal such as 
iron occurs so much more readily than decomposition on an inert surface indicates either a 
much greater ease of decomposition on such a surface, followed by reaction in especially 
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favourable circumstances, or, alternatively, nitrous oxide must be supposed to react speci- 
fically with arsenic or iron at the temperatures employed. Nitrous oxide is not, however, 
decomposed appreciably on an active palladium or platinum catalyst at 400°, and this fact 
favours the second of the two alternative explanations put forward. The arsenic—nitrous 
oxide reaction differs therefore from the normal case in which the nitrous oxide is first 
decomposed and then reacts, owing primarily to the affinity of arsenic for oxygen. Asis the 
case in the oxidation of phosphorus by oxygen, the steps by which the final product, 
arsenious oxide, is built up are largely hypothetical. The first step is probably a molecule 
such as As,O, which may be volatile and undergo further oxidation away from the surface, 
though there is no definite evidence for the stable existence of a sub-oxide of arsenic. It 
was observed previously (Emeléus, Joc. cit.) that arsenious oxide appears to inhibit the 
chemiluminescence of arsenic. A similar effect occurs in the case of phosphorus (Miller, 
J., 1929, 1823). The significance of this observation is not yet clear, but it suggests that 
the formation of pentoxide in each case is connected with the inhibition by the trioxide. 
The absence of chemiluminescence and the upper critical oxidation pressure in the re- 
action between arsenic and nitrous oxide is one of the chief points which distinguish it from 
the reaction of arsenic with oxygen. The chemiluminescence is a vapour-phase reaction (or 
possibly represents the oxidation of a volatile oxide formed at the surface). Ifa mechanism 
be adopted for the oxidation of arsenic by oxygen comparable with that put forward tent- 
atively by Semenoff for the oxidation of phosphorus, one obtains a scheme such as the 
following : 
Ay+O=As,0’ . .. . (i); As,O’+0O,=As,0,+0O0 ... . (ii) 
or As,O’+ O, = AsgO+0+4+0. . . (iii) 


The heat of formation of arsenious oxide is 312 kg.-cals. per g.-mol., or, as a first approxima- 
tion 52 kg.-cals. per oxygen atom added to the arsenic molecule. If the oxygen atom in 
stage (i) has 59 kg.-cals. (7.e., half the dissociation energy of the oxygen molecule), the As,O’ 
molecule will almost certainly have sufficient energy for reactions (ii) and (iii) to take place 
and branched chains will result. This reaction cannot, however, produce a branched chain 
in the case where nitrous oxide is the oxidising medium. The reaction As,O’ + N,O = 
As,O’ + N, + O is possible, but As,O’ + N,O = As,O, + Ny, will not give a branched- 
chain effect. Thisis believed to be the reason why chemiluminescence and limit phenomena 
are not observed in the case of nitrous oxide, but do operate in oxygen. The authors have 
made observations with ether and carbon disulphide mixed with nitrous oxide, and have 
failed to observe chemiluminescence. Nickel carbonyl is a further example of a material 
which is not spontaneously inflammable in nitrous oxide. One would expect also, on the 
hypothesis put forward, that phosphine and nitrous oxide would not show the upper and 
lower critical oxidation limits which characterise the reaction of that substance with 
oxygen. 
SUMMARY. 


1. The reaction between nitrous oxide and arsenic, forming mainly arsenious oxide, 
becomes appreciable at 250—270°. Ignition takes place at 400—450°. 

2. No chemiluminescence is observed, and there is no upper critical oxidation pressure. 

3. The dark reaction of arsenic with nitrous oxide or oxygen is a surface reaction. The 
chemiluminescent reaction occurs in the vapour phase. 

4. At temperatures between 266° and 306°, there is a critical pressure (4—10 mm.), 
decreasing with increasing temperature, below which the chemiluminescent oxidation of 
arsenic in oxygen ceases, whilst the surface reaction continues to a pressure of 0-001 mm. 


The authors express their thanks to the Senate of London University for a grant from the 
Dixon Fund. One of them (A. G. H. D.) is also deeply indebted to the Devon County Education 
Committee for a Major Scholarship and to the Governors of King Edward VI. Grammar School, 
Totnes, for a Leaving Exhibition, which have enabled him to take part in the work. 
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204. The Heterogeneous Catalysis of Stereoisomeric Change in Oximes. 
By Tuomas W. J. TAYLor and ELISABETH M. W. LAVINGTON. 


TAYLOR and Marks (Nature, 1930, 125, 636; J., 1930, 2305) observed that «-benzilmon- 
oxime (I) can be kept in hot alcoholic or benzene solution for long periods without 
undergoing any stereoisomeric change into the more stable geometrical isomeride 8-benzil- 
monoxime (II), but that addition of a little animal charcoal to the solution causes this 
change to proceed to completion in a few minutes. 


Ph-CO:C*Ph Ph:CO-C-Ph Ph-CO-C-Ph 
N-OH HO-N N-OCH, 
(I.) (II.) (III.) 


Later work (Taylor, J., 1931, 2018) showed that this phenomenon was not peculiar 
to «-benzilmonoxime, since charcoal had the same effect on the less stable form of other 
oximino-ketones; nor is it peculiar to ketoximes, for $-cinnamaldoxime (m. p. 138-5°) 
can be recovered unchanged after its solution in benzene has been boiled for 1} hours, 
but addition of animal charcoal brings about considerable change into the more stable 
«-aldoxime during the same period. Meisenheimer has also found the same effect with 
aldoximes (‘‘ Stereochemie,” ed. Freudenberg, Leipzig, 1933, p. 988). In all these cases 
the stereochemical change is in the normal direction, the less stable isomeride being con- 
verted into the more stable, which is unaffected by any further treatment with charcoal. 
The charcoal is acting as a heterogeneous catalyst, and stereoisomeric change must take 
place more readily when the oxime molecules are adsorbed on its surface than when they 
are in the crystal lattice or in solution. 

It was shown by Taylor and Roberts (J., 1933, 1439) that «-benzilmonoxime can be 
estimated quantitatively in alcoholic solution in the presence of the isomeric B-oxime by 
a volumetric method based on the great difference between the two isomerides in the ease 
of formation of a copper complex. By using this method, we have followed the rate of 
stereoisomeric change in alcoholic solution in the presence of various charcoals, and from 
the results have been able to obtain information about the mechanism of the catalysis. 

It is first necessary to record two important experimental facts. (1) The phenomenon 
is peculiar to charcoal and could not be observed with any other adsorbent that was tested ; 
gels of alumina, silica, and ferric oxide, kieselguhr, platinum-black, filter-paper pulp, 
glass-wool, and pumice under various conditions and after various treatments were all 
without action, even during long periods of time. Experiment showed that the amount 
of oxime adsorbed by these agents is small. (2) The catalysis of stereoisomeric change is 
peculiar to the oximes themselves and is not shared by their closely related O-methyl 
ethers, differing in this respect from the catalysis of the same change by a reagent such 
as hydrogen chloride, which is effective for both the oxime and its ether. 


a-O-Methylbenzilmonoxime (III) was prepared by Brady and Perry’s method (J., 1925, 
127, 2874). Solutions of the ether in alcohol and benzene were boiled for 14 hours with the 
most active samples of blood charcoal; in both cases filtration and removal of the solvent 
left a residue of the unchanged a-ether. This ether is known to be less stable than the isomeric 
8-O-methyl ether since it is converted into the latter by the action of, ¢.g., hydrogen chloride 
(von Auwers and Dittrich, Ber., 1889, 22, 2001). The absence of isomeric change is not due 
to the fact that the ether is not adsorbed by the charcoal, for experiment showed that the 
amount of adsorption from alcoholic solution by. blood charcoal is of the same order as that 
of 8-benzilmonoxime. 


Preliminary experiments on the rate of change of «-benzilmonoxime into the B-isomeride 
showed that charcoals of different origin varied widely in their efficiency as catalysts, 
sugar charcoal, for example, being almost ineffective in comparison with blood charcoal. 
For the necessary initial work on the order of the reaction, a steam-activated coco-nut 
charcoal was chosen, and it was found that the rate of change varied with the rate of 
stirring, the size of the particles of the charcoal and the temperature; further, if these 
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factors were kept constant, it was almost independent of the concentration of oxime in 
the solution over the whole range that could be examined. 


Maiterials.—All solvents and reagents were purified by the usual methods. The charcoals 
used were commercial samples of blood and animal charcoals, steam-activated coco-nut and 
palm-nut charcoals manufactured for use in respirators, and sugar charcoal prepared by 
carbonising pure sucrose. Since no two samples of any charcoal are alike (this is particularly 
true of the first two of the above kinds), a sufficiently large supply of each kind was taken, 
mixed thoroughly, and used throughout the work. 

Method of Measurement.—The reaction vessel was a 250 c.c. wide-necked Pyrex flask mounted 
in a gas-heated thermostat. Through the rubber bung in the neck of the flask, a small paddle- 
shaped stirrer passed which was driven by a motor through a reducing gear; the rate of 
revolution could be altered by a sliding resistance, and was observed by counting the revolutions 
of the more slowly moving axle of the gear; it is these rates which are quoted below. The 
rate was checked two or three times during each experiment. 

In an experiment, a weighed amount of charcoal was placed in the flask, the stirrer started, 
and at a noted time a known volume of an alcoholic solution of pure «-benzilmonoxime, of 
known concentration and kept in the same thermostat, was run on to the charcoal. In the 
initial experiments the reaction was stopped after a measured interval (5—30 minutes) by 
running into the flask excess of an aqueous solution of copper acetate; the «-oxime which 
remained unchanged combined with this to give the insoluble copper complex, which, after 
standing for $ hour after dilution with water, was determined in terms of 0-05N-sodium thio- 
sulphate solution (Taylor and Roberts, Joc. cit.). This procedure, however, introduces an error, 
since the charcoal is present with the copper complex and adsorbs copper acetate from the 
solution; this copper is not removed from the charcoal surface by repeated washings with 
hot water or alcohol, but is removed completely by the glacial acetic acid necessary to decom- 
pose the oxime-copper complex. The quantity of copper in solution before the final titration 
is thus greater than that corresponding to the amount of oxime present, since it includes the 
copper which has been adsorbed by the charcoal; in the case of charcoals of low adsorptive 
power the error introduced is negligible, but with, e.g., animal charcoal it is serious; 1 g. of 
this charcoal will adsorb from 0-05N-copper acetate solution an amount of copper equivalent 
to 15-7 c.c. of 0-05N-thiosulphate solution. No reagent could be found which would either 
remove the adsorbed copper from the charcoal without attacking the oxime—copper complex 
or dissolve the complex without removing the adsorbed copper. It is thus necessary to filter 
the charcoal from the oxime solution before the addition of the copper acetate in the estim- 
ation of the remaining oxime. This procedure, however, introduces an uncertainty in the 
time of reaction, since filtration is not instantaneous and the separated charcoal must be washed. 
This difficulty was partly overcome in the determinations of the activities of the various char- 
coals given later by adopting a standard procedure; 6 mins. after the beginning of the reaction 
the whole reaction mixture was poured on to a Buchner filter and filtered directly into the 
required amount of aqueous copper acetate; the filter was then immediately washed with alcohol 
and water. The time taken by the operation was usually 45 secs. and never exceeded 60 secs. ; 
the total time of reaction is thus referred to as 6—7 mins. 

In each experiment the analytical method gives the amount of a-oxime which has not 
undergone stereoisomeric change, expressed in c.c. of 0-05N-thiosulphate; hence the amount 
of change that has taken place is conveniently taken as the difference between this value and 
the 0-05N-thiosulphate titre of the original «-oxime solution and is shown thus in the results 
recorded. Since the oxime-copper complex is (Ph*CO*C:NOPh)CuOH, 1 c.c. corresponds to 
5 x 10° g.-mol. of «-oxime. 

Effect of Particle Size-——A sample of the coco-nut charcoal was ground in a mortar and 
passed through a series of sieves ranging from 60 to 120 meshes to the inch, five samples of 
different particle size being thus obtained; these are referred to as, e.g., 80—100, which means 
that the sample passed through the 80- but was retained by the 100-mesh sieve. 

With a constant rate of stirring (66 r.p.m.) the amount of change brought about by 0-1000 g. 
of each sample was measured at 23° : 


GNI CIPI dccdecegsecescnsyasconesens 120 100—120 80—100 60—80 60 
Amount of change per min. ............... 0°50 0°34 0°26 0°21 0-11 


The results show that the effect of particle size is very great, and that for the middle samples, 
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which are the better defined, the amount of change is proportional to the mesh number of the 
retaining sieve. 

Effect of the Amount of Charcoal——With grade 100—120 coco-nut charcoal at 23° with 
constant rate of stirring (92 r.p.m.) the following results were obtained with different weights 
of charcoal in 10 c.c. of the same oxime solution : 


CROONER TE. Si codnticscconsticcavesiscnediuansscnutensentees 0°1134 0°2207 0°3329 0°4448 
Amount of change in 6—7 MIMS. .........eeeeeeeeeees 2°8 55 7°2 8°9 


The results show that within the limits of accuracy of the method the amount of change is 
proportional to the weight of charcoal taken. 

Effect of Temperature and of Rate of Stirring..—Experiment showed that with a constant 
weight of coco-nut charcoal the amount of change increased with rise of temperature and of 
rate of stirring. If the latter exceeded 130 r.p.m., the results were erratic because a part of 
the charcoal tended to be thrown out of the solution; in consequence, lower stirring rates 
were used throughout. It is difficult to disentangle the two effects of temperature and stirring 
rate, because at a higher temperature the viscosity is smaller and thus stirring at the same 
rate does not produce the same effect. The approximate value of the temperature coefficient 
of the reaction velocity, however, calculated from results at different temperatures with equal 
stirring rates, is 1-1—1-3, as would be expected for a reaction whose rate is governed by 
diffusion. 

Effect of Concentration of «-Oxime in Solution.—With 0-0184 g. of 80—100 grade coco-nut 
charcoal at 23° and constant stirring rate (109 r.p.m.), the amount of change in solutions of 
a-oxime of different concentrations was measured : 


Original concn. of oxime, M 0°0131 0-0222 0:0383 0-0928 
Amount of change per Min. .........s.seeeeeeeeeeeeeee 0°28 0°29 0°29 0°31 


The amount of change is hardly altered by seven-fold increase in the concentration of «-oxime, 
and hence the reaction is of zero order. Presumably, at lower concentrations the reaction 
rate will be affected by the concentration in the solution, but it is impossible to work with 
more dilute solutions with the method of analysis, which is the only one available. 


By these experiments it was established that under the conditions used the reaction 
is of zero order, and hence in order to compare the catalytic efficiencies of a series of 
charcoals the correct measure to take is the amount of «-oxime converted into its isomeride 
by 1 g. of the charcoal under standard conditions of temperature, rate of stirring, and 
time. The catalytic activities of the charcoals (ground to pass a 120-mesh sieve) were 
measured as described above at 23° with a stirring rate of 120 r.p.m. for 6—7 mins. 
With some, it was impossible to obtain accurately reproducible results, partly because of 
unavoidable inhomogeneity of the samples and partly because of the time error discussed 
above. Hence the measurements were repeated several times and the mean results are 
given in Table I. 

The most obvious difference between the charcoals which must be connected with 
their different catalytic activities is the extent to which they adsorb the oxime from 
solution. Hence a series of measurements was made to enable the catalytic activity to 
be compared with the adsorbing power. The adsorption of the «-oxime itself by the 
charcoals cannot be measured because, as the above results indicate, even at room tem- 
perature the rate of stereoisomeric change is too high. Hence some other compound 
must be used for determining the adsorbing power of a charcoal. Benzilic acid was first 
chosen since it has approximately the same molecular weight as the oxime, but contains 
a carboxyl group which facilitates its volumetric determination. The adsorption of this 
acid on blood:charcoal, however, is abnormally small (see p. 987), so 8-benzilmonoxime, 
which contains identically the same groups as the «-oxime, was taken as standard substance 
in all the adsorption measurements. 


It was found that none of the charcoals used contained any substance soluble in alcohol. 
The method of measuring the adsorption was to take a known volume of an alcoholic solution 
of the $-oxime of known concentration, add to it a known weight of a charcoal, and allow 
adsorption equilibrium to be established. The mixture was then centrifuged, and from the 
clear supernatant liquid samples of known volume were removed with a pipette and their 
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content of B-oxime obtained by evaporation to dryness on the water-bath; all determinations 
were carried out in duplicate. The adsorbing powers are quoted as the weight of B-oxime 
adsorbed by 1 g. of the charcoal from a solution of the oxime which was originally 0-05N. 
Strictly, the comparison should be made between the weights adsorbed from solutions which 
are at the same concentration at adsorption equilibrium, but such determinations take a long 
time, and errors introduced by the simpler method are not material for the present purpose. 


TABLE I. 
Charcoal. Adsorbing Activity after treat- 
Catalytic activity. power. ment with KCN. 
490 (mean of 3) 0:110 67 
Animal a 4) 0:071 30 
Palm-nut gy Po 0-050 — 
Coco-nut : a 10) 0-048 35 
5 ( 4) 0-010 5 

It will be seen from Table I that the charcoals fall into two groups: (1) the ‘“‘ normal ” 
charcoals, comprising the last three, where the activity is simply proportional to the 
adsorbing power, and (ii) the “‘ abnormal ”’ charcoals, the first two, where the activity is 
very greatly in excess of that proportional to the adsorbing power; as judged by the first 
class, blood charcoal should have an activity of 60—70 instead of 490. The abnormal 
charcoals are those which are known to contain mineral impurities, and the extra 
activity may be due to these. In consequence, experiments were carried out to find the 
effect of treatment by chemical reagents on the activity of the abnormal charcoals. 

The activity of blood charcoal was found to be somewhat reduced by drying in the 
steam-oven or over concentrated sulphuric acid; the results obtained after this treatment 
were irregular, and it is possible that this deactivation is due to a partial cohesion of the 
particles which alters the extent of the available surface. An effect of roughly the same 
magnitude was caused by washing with benzene, water, dilute or concentrated hydro- 
chloric acid, or concentrated hydrofluoric acid; in each case, the charcoal was washed 
free from the reagent by water and dried in the steam-oven. Treatment with concen- 
trated potassium cyanide solution, however, had a very much greater effect (see Table IT). 


TABLE II. 


Blood charcoal, original activity 490. 
Treatment. Observed activities. Mean. 


Drying, 4 hrs. steam-oven 156, 194 175 
Conc. HCl 175, 315 245 
Conc. HF 233, 169 201 
Conc. KCN 98, 42 70 


Further experiment showed that the poisoning by potassium cyanide was a slow pro- 
cess, but after 5 hours’ boiling of the charcoal with concentrated aqueous potassium 
cyanide no further diminution in activity occurred. All the charcoals were treated in 
this fashion, and after being thoroughly washed and dried, their activities were redeter- 
mined (see Table I): the ‘‘ normal”’ charcoals are unaffected, but the abnormally high 
activities of blood and animal charcoals have given place to one proportional to their 
adsorbing powers, within the limits of experimental error. 

These results present a close and surprising analogy to those of Warburg and Brefeld 
(Biochem. Z., 1924, 145, 461) on the oxidation of amino-acids on charcoal surfaces by 
oxygen and to those of Rideal and Wright (J., 1926, 1813; 1927, 2323, 3182) and of 
Wright (bid., p. 2323) on the similar oxidation of aliphatic acids. In both these cases 
blood and animal charcoals show an abnormally high @fficiency as heterogeneous catalysts 
which disappears to a large extent after poisoning with potassium cyanide; and these 
authors have clearly demonstrated that the high activity is due to the iron content of 
these charcoals. 

The same phenomena occur in the catalytic decomposition of hydrogen peroxide by 
iron salts adsorbed on graphite (Kuhn and Wassermann, Amnalen, 1933, 508, 232). It 
thus appears highly probable that the enhanced activity of blood and animal charcoals 
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as catalysts for the stereoisomeric change arises from the small quantity of iron which 
they are known to contain. 

Now, Kuhn and Wassermann (Ber., 1928, 61, 1550) have pointed out that cases such 
as these must be divided into two classes, viz., those where the iron salt is active when 
simply adsorbed on the charcoal, as in hydrogen peroxide decomposition, and those where 
simple adsorption is insufficient and the iron must be in a state which they describe as 
“ Einbettung ”; this must be some particular state of chemical combination since, in 
order to bring it about, the charcoal, as Warburg and Brefeld have shown, must be made 
from a substance which contains nitrogen, and the charcoal and iron salt must be heated 
together for some time. Warburg and Brefeld’s amino-acid oxidation is an example of 
the latter class; they found it impossible to endow sugar charcoal with enhanced activity 
by treatment under any conditions with iron salts, but charcoals made from nitrogenous 
compounds (Bismarck-brown and hemin) could be made more active by treating them 
with ferric chloride, heating to redness, and washing with dilute hydrochloric acid and 
water. This extra activity was destroyed by treating the charcoal with potassium cyanide. 

That the extra activity of blood and animal charcoals in catalysing the stereo- 
isomeric change is due to ‘‘ bedded-in ”’ iron, and that there is a complete parallel between 
the catalysis of stereoisomeric change and of oxidation was proved by a series of experi- 
ments similar to those of Warburg and Brefeld. 


Charcoal from pure sucrose (original activity 6-5) was made into a paste with ferric chloride 
solution, dried on the water-bath, and heated to redness in a closed crucible; after cooling, it 
was extracted with boiling N-hydrochloric acid, washed free of acid, dried in a steam-oven, 
and passed through a 120-mesh sieve. Its activity was then 6-6, 4-3, mean 5-5. There is thus 
no further activation of sugar charcoal by iron. 

Charcoal was prepared by carbonising a specimen of pure Bismarck-brown mixed with a 
little pure potassium chloride. It was extracted with N-hydrochloric acid, washed, and dried. 
It was divided into a number of samples; one was made into a paste with distilled water and 
then treated as described for the sugar charcoal above, and the others (each weighing 2 g.) were 
treated in the same manner except that 0-7 c.c. of solutions of various analytically pure metallic 
salts (1 mg. of metal per c.c.) was used instead of distilled water. The charcoals were finally 
ground and passed through a 120-mesh sieve. Under the microscope, the particle size seemed 
fairly regular and about the same as that of ordinary blood charcoal. The catalytic activities 
of the charcoals were measured, and in some cases the poisoning effect of potassium cyanide. 
Since the treatment may have altered the adsorbing power of the charcoals, and this factor in 
itself will alter their catalytic activities, the amount of 8-benzilmonoxime adsorbed by some of 
the charcoals was also measured (see Table ITT). 


TABLE III. 


Bismarck-brown charcoal. 


Adsorbing Adsorbing 
Treatment. Activity. Mean. power. Treatment. Activity. Mean. power. 
70 0-011 i i, ih se 6°5 0-018 
57 0-011 a i 8-1 
1 , . 21:7 0-011 4 2, 11° 1 
» » then KCN ... “ “f 3°5 0-018 14: 1 
CrCl, : 5 19°7 -- 
» , then KCN ... “4, 10° 12°5 -— 


l- 
3: 


The results show that the charcoal from Bismarck-brown, if treated with water alone, 
is identical in both catalytic activity and adsorbing power with charcoal from pure sucrose, 
but differs from it in that treatmené with certain metallic salts endows it with an increased 
activity while leaving its adsorbing power unchanged. This extra activity is sensitive 
to potassium cyanide. Since the Bismarck-brown iron-activated charcoal shows a 
behaviour similar to that of blood and animal charcoals, it appears almost certain that 
the activity of these charcoals which is in excess of their adsorbing power arises from 
their iron content. 

A point of some importance emerges from the rough comparison of the extra activity 
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of Bismarck-brown charcoal brought about by the different metals; an exact comparison 
is impossible since there is no guarantee that the metals are present in the charcoals in 
equivalent quantities. It will be seen that the most marked increase is caused by iron 
and chromium, somewhat less by manganese and cobalt, and none by copper and nickel. 
This suggests that the function of the metal in catalysing the stereoisomeric change is 
not connected with the formation of co-ordination complexes between the metal and 
oxime; «-benzilmonoxime forms such complexes very readily with both ferrous iron and 
copper, but the latter is quite ineffective in activating the charcoal. In general, such an 
explanation of the action of the metal is improbable, since it is already known that 
g-benzilmonoxime does not itself combine with metals (Taylor and Ewbank, J., 1926, 
2818), but is converted by certain metallic salts into the complex of the «-oxime, a stereo- 
chemical change in the reverse direction to that catalysed by the charcoals. The other 
obvious explanation of the action of the metals in these particular charcoals is that they 
act in a manner somewhat similar to that in Warburg and Brefeld’s experiments, 1.¢,, as 
oxidation catalysts. Kuhn and Wassermann (loc. cit.) have shown clearly that the catalysis 
of the decomposition of hydrogen peroxide by iron adsorbed on graphite is due to the 
fact that iron can exist in the ferrous and the ferric state; the essence of the mechanism 
is a repeated oxidation and reduction of the iron. That something similar is happening 
here, unlikely as it may seem at first sight, is suggested by the comparison of the metals 
iron, cobalt, and nickel, the most active being that where the two valency states are most 
marked, and the inactive one being that whose tervalent derivatives are unknown. 

This fact and the whole parallel to oxidation catalysis led us to investigate the effect 
of freeing the charcoals from the oxygen which, since they had been in contact with air, 
they must contain. 


The charcoals, in a quartz tube, were heated in a stream of washed and dried cylinder 
hydrogen in an electric furnace to a bright red heat for a measured time. The stream of 
hydrogen was continued during cooling, after which the tube was closed and the charcoal kept 
in hydrogen until used. To determine the activity, the charcoal was tipped into a weighing 
bottle and weighed as rapidly as possible in air, The period of exposure to air at this stage 
was found, within limits, to have little effect on the measured activity. A few experiments 
were performed in which the charcoal was heated in a closed tube originally full of air. Since 
profound changes in catalytic activity were observed, the adsorbing power of certain of the 
charcoals was redetermined after the treatment. 


TABLE IV. 
Activity after heating Adsorbing power, 
in H,. in closed tube. original. heated in H,. 
20 (5} hrs.) 29 (5 hrs.) 0-110 0-110 
i; 58 (7 ,, ) 0-071 ~~ 
12(3 ,, ); 13 (13hrs.) 13 (3 ,, ) 0-048 0-050 
2(6 ,, ) ~- 0-010 oo 
The results indicate that the cause of the catalytic activity of a charcoal lies in the 
oxygen which it contains. Heating in hydrogen deactivates all the charcoals, some to 
an enormous extent, without bringing about any parallel change in their adsorbing power. 
The charcoals after this treatment show a small activity which is proportional to their 
adsorbing power. All the extra activity of blood and animal charcoals has disappeared. 
If the results are simply due to the removal of oxygen, it should be possible to reactivate 
the deactivated charcoals by restoring oxygen to them, Standing in air at room tem- 
perature or at 70° for 24 hours had little effect, but washing thoroughly with water and 
drying in the steam-oven brought about marked reactivation. A more effective way was 
to boil the charcoal with a dilute solution of hydrogen peroxide; this caused complete 
reactivation of blood charcoal and gave a product which, in catalytic activity, adsorbing 
power, and extent of poisoning by potassium cyanide, was exactly the same as the original 
charcoal before it was heated in hydrogen (see Table V). Blank experiments showed that 
hydrogen peroxide itself is incapable of converting the «- into the 8-oxime, even when 
illuminated with ultra-violet light. 
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TABLE V. 
Original Poisoned Heated Reactivated by Then poisoned by KCN. 
Charcoal. activity. by KCN. in Hg. H,O. H,O,. (H,O). (H,O,). 
68 20 63 490 78 63 
30 15 98 131 30 
Coco-nut 35 12 64 69 — 
5 15 3 3 _— 

The results, and especially those with blood charcoal where the changes in catalytic 
activity are large and are thus less obscured by the errors of the measurements, confirm 
the view that the main catalytic activity of all the charcoals is due to the oxygen adsorbed 
upon them or combined with them. There are two points which are not easy to explain. 
(i) It was never found possible to cause animal or sugar charcoals which had been de- 
activated by heating in hydrogen to regain their original activities, as could be done with 
blood charcoal. (ii) Coco-nut charcoal, on the other hand, after being heated in hydrogen 
could be easily reactivated to a markedly larger activity than it originally possessed ; this 
behaviour was confirmed several times and seems to be peculiar to this charcoal ; it may be 
connected with its structure, which, being derived from the cellular structure of a plant, is 
different from that of the other charcoals investigated. The small activities observed in 
all the charcoals after heating them in hydrogen may be due to the oxygen adsorbed by 
them during the exposure to the atmosphere which it is impossible to avoid in determin- 
ing the activity ; there may well be a rapid initial stage in oxygen adsorption by a charcoal, 
followed by a slow approach to saturation which has been accelerated in our experiments 
with hydrogen peroxide. On the other hand, the possibility remains that there is a true 
residual activity of a charcoal independent of its oxygen content; this would seem unlikely, 
and in any case such a residual activity would form only a small fraction (4—5%) of the 
total activity of the more active charcoals. 

The disappearance on heating in hydrogen of the “extra” activity of blood and 
animal charcoals, that part which, as the above experiments indicate, arises from their 
iron content, is most probably due to the reduction of the iron to the metallic state. With 
blood charcoal this extra activity can be restored completely by simple oxidation with 
hydrogen peroxide, a fact which suggests that the iron is catalytically active when it is 
present as oxide. 

In seeking for an explanation of the main problem, the actual mechanism of the 
stereoisomeric change, the fact must be borne in mind that the catalysis of stereoisomeric 
change does not occur in the oxime ethers, but only in the oximes themselves. This 
makes it very improbable that the catalysis is in essence an interaction between the catalyst 
and the carbon-nitrogen double bond which diminishes the torsional rigidity of that bond 
and thus facilitates normal stereoisomeric change. Effects of this kind certainly exist, as 
was shown by Taylor and Roberts (loc. cit.) in the homogeneous catalysis of the same 
stereoisomeric change by hydrogen chloride; the latter, however, unlike the charcoals, is 
a catalyst for stereoisomeric change in oxime ethers as well as in the oximes. This con- 
sideration rules out any explanation of the main problem such as that molecular oxygen 
is the catalyst and acts in virtue of its paramagnetic properties. Such an explanation 
would bring the phenomenon in line, to some extent, with Kuhn’s suggestion as to the 
action of paramagnetic molecules and free atoms in catalysing stereoisomeric change in the 
parallel case of carbon-carbon double-bond geometrical isomerides (Solvay Report, 
‘“ Molécules organiques,” 1931, p. 361 ef seq.); but the evidence is against any view of 
this kind, since there is no reason why the oxime ethers should not be affected. 

The true explanation is clearly one which can account for the catalysis occurring in 
the oximes alone and also for the very close parallel, especially in the effect of small 
quantities of metals of variable valency, to true oxidation reactions. The most probable 
explanation is that oxygen is present on the charcoal in a state in which it is able to 
effect true oxidation reactions, and that it is this same oxygen which is the actual catalyst 
of the stereoisomeric change. Then, just as in nitrogen-containing charcoals we know 
that the availability of the oxygen for oxidation reactions is increased by the presence of 
metals such as iron, so we find that iron will increase the catalytic activity for stereoiso- 
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meric change of such a charcoal, since this depends simply on the availability of the oxygen. 
The available or active oxygen does not bring about an oxidation, because the product is 
the isomeric oxime which is not changed any further. The mechanism of the catalysis 
is most probably an exchange phenomenon; if an available oxygen atom can become 
attached to the nitrogen atom of the oxime grouping, it can only do so on the opposite 
side of the double bond to the hydroxyl group already there. The hydrogen atom of the 
hydroxyl group could migrate to this new oxygen atom, and the whole molecule leave the 
surface with the more stable configuration of the B$-oxime, the stereoisomeric change 
having taken place by means of an exchange of oxygen atoms, the one originally on the 
surface now forming part of the oxime group, and the other, originally in the oxime group, 
remaining on the surface. The absence of the effect in the oxime ethers is then accounted 
for by the fact that the migration of the methyl group from one oxygen atom to the other 
is very unlikely to take place, just as a migrating methyl group is a rare type of tauto- 
merism, so that the exchange of oxygen atoms cannot proceed. The driving force of the 
whole process is, of course, the lowering of free energy which accompanies the change 
from the «- to the 8-configuration, and it is this factor which prevents the reverse change 
of the 6- into the «-oxime. 


Note on the Adsorption of Benzilic Acid (with Miss G. M. PricE).—As mentioned above, 
the adsorption of benzilic acid by blood charcoal is abnormally low. The following results 
were obtained for the amount of acid adsorbed at room temperature by 1 g. of charcoal 
from an alcoholic solution which was originally 0-0557M. 


Charcoal. Benzilic acid, g.-mol. x 10*. B-Benzilmonoxime, g.-mol. x 10‘. 
2°52 4°92 
4:50 3°18 
Palm-nut 3°54 2°24 
Coco-nut 3°86 2°07 
0°96 0°45 


When compared with the corresponding results for f-benzilmonoxime, these figures 
show that the amount of the acid adsorbed by blood charcoal is less than half that to be 
expected. This fact was confirmed by measuring the adsorption isothermals at room 
temperature from alcoholic solution of both the acid and the f-oxime : 


Benzilic acid. 
G.-mol./l. in solution at equilm. ..............060+ 0°0233 0:0238 0°0266 0°0466 
G.-mol. x 104 adsorbed per g. charcoal 0°60 1°44 1:7 2°42 
G.-mol./l. in solution at equilm. ............0s000+ 00952 + 0:0966 
G.-mol. x 10 adsorbed per g. charcoal 2°55 


B-Benzilmonoxime. 
G.-mol./l. in solution at equilm. ...............4++ 00130 0°0147 0°0178 0°0235 0°0268 0°0293 
G.-mol. x 10 adsorbed per g. charcoal 2°18 2°40 2°60 2°90 2°91 3°03 
G.-mol./l. in solution at equilm. .............0+0+ 00308 0°0341 0°0373 0:0401 0°0458 
G.-mol. x 10 adsorbed per g. charcoal 3°22 3°26 3°45 3°52 


We thank Imperial Chemical Industries Ltd. for a grant. 
THE Dyson PERRINS LABORATORY, OXFORD. [Received, May 1st, 1934.] 





205. The Mechanism of Aromatic Side-chain Reactions with Special 
Reference to the Polar Effects of Substituents. Part II. Kinetic 
Studies of the Interaction of Benzyl Bromides with (1) Pyridine, 
(2) Aqueous Alcohol, and (3) Silver Nitrate. 


By Joun W. BAKER. 


In Part I * (Baker, J., 1933, 1128) the suggestion was made that the anomalies frequently 
observed in the effect of ambipolar substituents on the velocity of aromatic side-chain 


* The communication cited is regarded as Part I because the views relating to reaction mechanism 
therein put forward form the basis of the series. 
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reactions may possibly be explained on the basis of a dual mechanistic control, the form- 
ation of the ultimate reaction product(s) requiring the consummation of two (or more) 
processes of opposite polar requirements (electron accession or recession), and the view was 
expressed that the first essential is a more detailed analysis of the reaction mechanisms of 
simple side-chain reactions, The present series of investigations is a contribution to this 
aspect of the problem, and preliminary results have supplied evidence which supports the 
suggestions made. 

In this paper are described the reactions named in the title, which were carried out at 
30° in 90% alcohol (by wt.), and in dry acetone, in some cases. The effects of unipolar 
substituents on the velocities are found to vary widely. 

I. The Pyridine Reaction.—Earlier results have already shown (a) that the reaction 


@ 
R-C,HyCH,Br + C,H,N —> R-C,HyCH,NC,H,}Br_ (1) 
is facilitated by electron-accession towards the side chain (Baker, J., 1932, 2361), and () 
that its velocity is dependent on the concentration of the pyridine (Part I, Joc. cit.). 

A more detailed study of the effects of solvent, of concentration, and of added salts on 
the velocity of this reaction has revealed the fact that the velocity of hydrolysis of the benzyl 
bromide by the solvent is not negligible in relation to the velocity of reaction (I) : hence the 
initial velocity of such solvent reaction (v,) has been separately determined in each set of 
experiments. On the assumption that the two reactions proceed simultaneously without 
mutual interference, the true value of the initial velocity of the pyridine reaction (v,) has 
then been determined from the relationships k, = v,/cycp = (U. — U,)/CaCp, Where hk, is 
the bimolecular velocity coefficient for the pyridine reaction, v, the observed (experimental) 
initial velocity (= k,c,cp, where &, is the apparent bimolecular coefficient), and c, and 
cp are the initial concentrations of the benzyl bromide and pyridine, respectively, in g.-mols, 
per litre. Time, throughout, is in minutes. 

Data have, so far, been obtained in 90% alcohol (by wt.) and in dry acetone, and the 
results, summarised in Tables I and V, indicate that, in acetone, the solvent reaction is almost 
negligible, and hence this solvent will be a suitable one for a more detailed study of reaction 
(I). The data in 90% alcohol are, however, required for purposes of comparison with the 
silver nitrate reaction, which is more readily studied in alcoholic solution owing to the very 
small solubility of silver nitrate in dry acetone; k, is the pseudo-unimolecular velocity 
coefficient. 

TABLE I. 


Interaction of benzyl bromide with solvents at 30° +- 0-02°. 
Solvent. kX 104. v,X10*. No. Gg. Solvent. kX 104. v, X 10°. 
90% EtOH 19401! 2-4 5 005 90% EtOH 32405 160 
» 1:9+0°1 4°8 6 0°025 COMe, 0:097+0°003 0:24 
90% EtOH+ 23403 58 
0°0025M-salt* 
* Benzylpyridinium nitrate, see below. 

Salt effects. Before the effect of concentration on reaction (I) was investigated, the 
possible influence of the resultant quaternary salt on the velocity was determined. In 
order to avoid introduction of unnecessary foreign ions, or of large amounts of bromide 
(which would reduce the accuracy of the titrations), benzylpyridinium nitrate was em- 
ployed (concentration, c,). This salt is extremely hygroscopic, but can be conveniently 
used as a standard solution in 90% alcohol. The results (Table II) are corrected for the 
solvent reaction as indicated above. 

TABLE II. 


Effect of added benzylpyridinium nitrate on reaction (1) in 90% EtOH at 30°. 
Concn., g.-mol. /1. 


Cas Cp: Cy. ke X 104. Ve X 108. Up x 108, hyp X 104. 
0-0125 0-0125 — 336+ 5 5-25 2-85 183 
0-0125 0-0125 0-0125 459 +26 717 4°67 299 
0°025 0-025 ~ 323+ 6 20°19 15°39 245 
0-025 0-025 0-0025 339-420 21-19 15°44 247 
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Addition of an equimolecular proportion of the salt (No. 11) causes a considerable 
increase in the velocity, but the increase caused by addition of only 0-1 equimolecular 
proportion (No. 13) is within the experimental error. Since the evaluation of the bi- 
molecular velocity coefficient was usually restricted to the first 10—20% of the reaction, 
the effect of the quaternary bromide formed may, as a first approximation, be neglected. 
The standard conditions, for comparison of velocities, adopted throughout, however, are 
C, = Cy = c, = 0-0125. 

Effect of concentration. The effect of the concentration of both the benzyl bromide (c,) 
and the pyridine (c,) on the reaction velocity is summarised in Table III. The correction 
for the solvent reaction, with acetone as solvent, is only about 2% of the total velocity, 
whereas in 90% alcohol it may exceed 25% : hence the data in acetone are probably of a 
much greater degree of accuracy. The probable error in k, (mean deviation from the mean) 
is given in each case. 

TABLE III. 


Effect of concentration on reaction (I) at 30° in (a) 90% EtOH (by wt.); (b) dry COMe,. 


Ce. Cp. eX 104. veX 10%. kpX104. No. Cp, Cp. he X 104. 9X 108, ky Xx 104. 
00125 00125 33645 5°25 (183)* (6) 16 00122 0°0122 13546 2-01 (127)* 
0025 0-025 32346 2019 245 17 0:025 0025 13943 866 135 
0025 050 27549 3444 272 18 0025 0:125 13943 43-46 138 
0050 0-050 34349 85:75 279 19 0-025 0-250 13243 82:74 132 


\ 18°75 146 


20 0:050 0°025 15043 
21 0°050 0°025 15043 


* In such dilute solutions the correction for the velocity of the solvent reaction is a large proportion 
of the whole, and the values of kp are, in consequence, probably subject to rather large errors. 


The essentially bimolecular character of reaction (I) would seem to be established, since 
with equimolar concentrations of the reactants or with a moderate excess of pyridine, the 
velocity is directly proportional to the product c,c,. With excess of benzyl bromide 
(Nos. 20, 21) the higher value of k, suggests that under such conditions the velocity increases 
rather more rapidly than required by direct proportionality with the concentrations. This 
effect, which may be due to a resultant alteration in the nature of the medium, is being 
investigated more fully. For the purpose of the argument developed below, the essential 
feature is that, with equimolar concentrations (0-0125—0-025M) of the reactants, reaction 
(I) is a true bimolecular reaction, the velocity of which is directly proportional to the con- 
centration of each. 

Effect of unipolar substituents. The effect of the unipolar substituents of opposite polar 
types (Me, + 7; NO,, — J — T) in the para-position, on the reaction velocity under the 
standard conditions is given in Table IV. 


TABLE IV. 
Effect of p-substituents (R) on the velocity of reaction (I) in 90% EtOH at 30°. 
(Ca = Cp = Cs = 0°0125 g.-mol./l.) 
No. R. he X 104. Ue X 108. v4 X 108. kpX 10%. (Ap) n/ (Ap) x- 
11 H 459 + 26 7:17 2°5 299 (1°0) 
22 Me 1422+4-27 22°22 10°24 958 3°2 
23 NO, 87+2°5 1°36 0°25 71 0°24 
*24 NO, 6843 4°25 (0°5) 60°4 (0°25) ¢ 
* Ca = Cp = 0°025; cg = 0. t Comparison with No. 12, Table II. 


Thus, under the standard conditions, the effect of the uniquely electron-repelling methyl 
group is to increase the velocity three-fold, whereas introduction of the uniquely electron- 
attracting nitro-group reduces the velocity to one-quarter. 

II. The Reaction with Alcohol.—The velocities of interaction of the various benzyl 
bromides with 90% alcohol (by wt.) alone, determined primarily as solvent corrections, 
provide subsidiary data relative to the effect of unipolar substituents on the velocity of 
alcoholysis : 

R-C,H,CH,Br + EtOH —> R-C,H,CH,OEt + HBr (I) 
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Similar data have been obtained by Olivier (Rec. trav. chim., 1922, 41, 310) for the hydrolysis 
of various benzy] chlorides in 48% alcohol, the combined data being given in Table V. 


TABLE V. 


Hydrolysis of p-R*CgHy°CH,X in aqueous alcohol at 30°. 
X = Br. X = Cl (Olivier). 
Ca = Cs = 0°0125 in 90% EtOH. Ca = 0°0125 in 48% EtOH. 
No. R. kx 104. kr/ku. kx 104. kr/Ru.- 
2 H 20 +01 (1-0) Ill (1:0) 
7 NO, 0°21 -4.0-008 0-1 0-0491 0-044 
s* NO,  0°21-40-008 — — — 
9 Me 8°19 -|.0°75 41 10°38 9°4 
* In presence of 0°0125M-HNO,. 


Olivier found that the reaction is unimolecular and the velocity is unaffected by hydrion 
concentration, conclusions which are confirmed by the present data (cf. Nos. 7 and 8). It is 
probable that the reaction is really a pseudo-unimolecular one, the water (or alcohol) 
molecules acting as a base : 


(=) ® 
R-C,H,yCH,X + solvent —> Br + R-CgHyCHosotvatea —> R*CgHyCHy‘OR + Hyotyater 


the more important consideration thus being the anionisation of the bromine. The acceler- 
ating (4—9 times) effect of an electron-repelling methyl substituent and, more especially, 
the retarding effect (0-1—0-04) of the electron-attracting nitro-group are relatively larger 
in this reaction than in the definitely bimolecular reaction with pyridine. 

III. The Silver Nitrate Reaction Burke and Donnan (J., 1904, 85, 555; Z. physikal. 
Chem., 1909, 69, 148) have shown that the interaction of alcoholic silver nitrate with alkyl 
halides is represented by the simultaneous reactions : 


RBr ++ AgNO, + EtOH —> AgBr + HNO, + R-OEt  (IIIA.) (70%) 
3 3 
|RBr -+ AgNO, —> AgBr + R-O-NO, (ITTB.) 


The bimolecular velocity coefficient, which remains moderately constant throughout any 
one experiment, is, however, increased by increasing the initial concentration of the silver 
nitrate, and, to a lesser extent, by decreasing that of the alkyl halide. 

So far as the final products are concerned, the aryl bromide also reacts in accordance 
with equations (IITA) and (IITB) (76° in accordance with IIIA), but this reaction gives a 
good unimolecular constant throughout the whole course of the reaction; this constant, 
however, is also subject to vagaries similar to those observed by Burke and Donnan in the 
bimolecular coefficient in the corresponding reaction with alkyl halides. Moreover, the 
reaction is definitely and strongly catalysed by the precipitated silver bromide (cf. Senter, 
J., 1910, 97, 346). This heterogeneous catalysis is being further studied in an endeavour to 
elucidate the reaction mechanism. The very much larger effects of the unipolar substi- 
tuents (Me and NO,) on this reaction [which, like (I) and (II), also requires anionisation of 
the bromine] are, however, significant. 

The values of the initial velocity of the silver nitrate reaction under the standard 
conditions are summarised in Table VI. Whereas a p-methyl group only increases the 


TABLE VI. 
Velocity of interaction of p-R°C,H,CH,Br with silver nitrate in 90% EtOH. 
° (Ca = Cag = Cs =0°0125 g.-mol./1.) 
R. Temp. vX10%.*  (ve)R/(Ve)H- No. R. Temp. v.X10%.*  (v¢)R/(Ve)H- 


H 30° 1350 1 27 Me 0° ca. 8000 65 
H 0 124 1 28 NO, 30 26 0°02 


* The relative velocity of the silver nitrate reaction is so great that the velocity of the solvent 
reaction falls well within the experimental error and may be neglected. 
velocity of the pyridine reaction 3-fold, it increases that of the silver nitrate reaction more 
than 60-fold. Conversely, the velocity of the reaction of #-nitrobenzyl bromide with 





Special Reference to the Polar Effects of Substituents. Part II. 991 


pyridine is 25% of that of the unsubstituted parent, but in the silver nitrate reaction it is 
only 2%. 

The bimolecular character of the pyridine reaction confirms the previous suggestion 
(Baker, Joc. cit.) that the formation of the final product (the quaternary bromide) involves 
the completion of éwo processes of opposite polar requirements, (a) the anionisation of the 
bromine, requiring electron-accession to the side chain, and (0) co-ordination of the unshared 
nitrogen electrons to the «-carbon, a process facilitated by electron-recession from the side 
chain. It is not considered possible to separate the energy requirements of these two pro- 
cesses, 7.¢., the + J effect of a panethy] substituent in lowering the energy potential required 
for the anionisation of the bromine is very largely counterbalanced by its effect in increasing 
the energy required for the co-ordination of the pyridine molecule, so that the resultant 
acceleration of the reaction velocity is relatively small. A similar, but converse, argument 
obviously applies to the effect of a f-nitro-substituent. Determination of the heats of 
activation of the reactions is important in this connexion, and this aspect of the problem is 
under investigation. The much greater effect of the same substituent groups on the velocity 
of the silver nitrate reaction does suggest that the anionisation of the bromine is at least an 
important part of whatever is being measured, even although the dynamics are complicated. 

An urgent desideratum is some reaction in which the unimolecular ionisation of the 
halogen is definitely the sole process under examination, and such data may possibly be 
provided by the investigations on the hydrolysis of the series of aryl halides foreshadowed 
by Hughes and Ingold (Nature, 1933, 132, 933). When the effects of unipolar substituents 
on the velocity of a reaction in which the sole polar requirement is electron-accession to the 
side chain are known, analysis of their effects on reactions of the pyridine type (involving 
conflicting polar requirements) may be rendered possible. 


EXPERIMENTAL. 


Materials.—The 90% alcohol (by wt.) was prepared by addition of the requisite weight of 
distilled water to carefully fractionated absolute alcohol dried over sodium. The acetone was 
purified through its sodium iodide compound. 

The benzyl bromide was carefully fractionated in a vacuum, and each sample freshly re- 
distilled (b. p. 85°/13 mm.) immediately before the commencement of a velocity measurement. 
The substituted benzyl bromides were purified as previously described (oc. cit.). 

Benzylpyridinium nitrate. The corresponding bromide, prepared by direct addition of benzyl 
bromide to pyridine, was converted into the nitrate by double decomposition with an exactly 
equivalent quantity of aqueous silver nitrate. Evaporation of the aqueous solution gave the 
extremely hygroscopic nitrate (free from silver and bromide ions), which was washed with ether 
and dried for several weeks in a weighing bottle in a desiccator. A standard solution was pre- 
pared by quickly weighing out the salt into 90% alcohol and diluting the solution until 1 ml. con- 
tained 0-6382 g. of the salt. It was characterised as its picrate, m. p. 118°, after crystallisation 
from absolute alcohol (Found : C, 53-9; H, 3-6. C,,H,,0,N, requires C, 54-3; H, 3-5%). 

Velocity Measurements.—These were effected by titration of the bromide ion or unchanged 
silver nitrate by Volhard’s method, 0-025N-solutions of ammonium thiocyanate and silver 
nitrate being used in the case of 0-0125M-solutions of the reactants, and 0-05N-solutions when 
higher concentrations were used, unchanged benzyl bromide being previously removed by extrac- 
tion with ether. Only N.P.L. standard volumetric apparatus was used, under strictly stan- 
dardised conditions. 

The thermostat was electrically controlled, temperature variations, + 0-02°, being observed 
on a Beckmann thermometer graduated in 0-01°, and the temperature of the bath being adjusted 
as nearly as possible to 30° as recorded on an N.P.L. standard thermometer. The experiments 
at 0° were conducted in a rapidly stirred bath of melting ice. 

The aryl halide was weighed directly into the reaction flask, and 100 ml. of the solvent added. 
The second reactant (pyridine or silver nitrate) was weighed into a second flask, 10 ml. of the 
standard salt solution and 100 ml. of solvent added, and the solution left in the thermostat to 
regain the exact temperature; 100 ml. were then added to the aryl bromide solution. All solu- 
tions were sucked into pipettes at the constant thermostat temperature by suitable attachment to 
a filter-pump. The reaction mixture was mechanically stirred throughout. 

In the pyridine and alcohol reactions, a 20 ml. sample was run into about 20 ml. of water and 
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an equal volume of ether, and the soluble bromide, washed out by repeated extraction of the 
ethereal solution with water, was added to 10 ml. of the standard silver nitrate solution, acidified 
with halogen-free nitric acid, and the excess of silver nitrate titrated with standard ammonium 
thiocyanate solution from a 10 ml. burette graduated in 0-02 ml. In the silver nitrate reactions 
the unchanged silver nitrate, similarly freed from aryl bromide, was titrated directly with 
ammonium thiocyanate. 

The values of the velocity coefficients given in Tables I—VI (except for the very rapid reactions) 
are all the mean of 6—8 concordant determinations, the mean deviation from the mean being 
recorded in each case. 


The author thanks the Royal Society for a grant. 
THE UNIVERsITY, LEEDs. [Received, April 21st, 1934.) 





206. The Reaction between Potassium o-Tolyloxide and Aliphatic Esters 
in Aqueous-alcoholic Solutions. 


By LAURENCE J. SUMMERBELL. 


It has been shown by Gyngell (J., 1926, 2484) and Smith (J., 1927, 170) that, in reactions 
of the type studied in this research, the water in the aqueous alcohol hydrolyses the potass- 
ium salt to the free phenol and potassium hydroxide, and that the latter then hydrolyses 
the ester. The development of this hypothesis results in the following general expression 
for the velocity coefficient : 


[Kk] = 1/t.loge| (—*-)"-(, y(4)] pS yoy 2A le 


where XK is an equilibrium constant, k a velocity constant, x and ¢ have their usual signi- 


ficance, and 
fe?) |. 5 62m (d +0) 
(6 — a)(c — a)’ (a — b)(c — db)’ ~ (a — c)(b —c) 


a, 6, c, and d being the initial concentrations of ester, tolyloxide, water, and o-cresol, 
respectively. 

Equation (1) is developed on the assumption that the free alkali concentration (y) is 
negligibly small compared with x. If, however, the effect of the term y on the tolyloxide 
concentration (6 — x — y) is considered in the case when tolyloxide and ester are present 
in equivalent concentrations, then equation (1) takes the form 


[Ka] = 5. SES { tog, @ = 4) ch 42 {x + et) < vi 2 


(c — a)? (c —x)'a t (c — a)J a(a — x) 
If the effect of the term y is neglected, the resulting equation is : 


tesa fy ¢.¢= *)\ ,1@+a)f_* | 
[KE] = 7a a e—al tie—alae—-a 6 

Equations (2) and ‘ differ by the term Kx/a(a — x)t. Now K is of the order 10%, so 
appreciable error will not be introduced by the use of equation (3) unless (i) an ester of high 
velocity of saponification is used—ethyl formate was found to be a case in point—or (ii) a 
very highly hydrolysed phenoxide is employed. In cases (i) and (ii) the value of the 
composite velocity constant [Kk] would decrease as the reaction proceeded. 

If the effect of the alkali concentration y on the tolyloxide term (b — x — y) is con- 
sidered in the case where the tolyloxide, ester, and water are non-equivalent and there is no 
initial excess of o-cresol, then 

[Kk] = [A]/t + [B]/t 


where the term [A]/¢ is identical with the general equation (1) and 


(6-+¢— 2a) a 1 b 1 c 
(B)= KP ey ety t ean pont wag era] 











eée= 
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The value of [B] at half reaction (time ¢,), for the majority of the reactions studied in 
this work, was approximately 


[B], = — 0-002 x K/t, i.e, — 2 x 10*/t, approx. 


In all but very fast reactions this term is negligible. The reaction between potassium 
o-tolyloxide and ethyl acetate proceeded smoothly, and values for the composite velocity 
constant were obtained which were within the limits of experimental error and in accord- 
ance with the theory indicated. A typical example is shown below, and the results are 
summarised in Table I. 

Initial 


Potassium o-tolyloxide = N/4. Ethyl acetate = N/2. Water = 10%. 


o-cresol = N/4. Temp. = 60°. 


eXcess 


Titre. 


20°0 

18°20 
15°80 
14°05 
12°60 


a—x. 
500-0 
477°5 
447°5 
425°6 
407°5 


b—*x. 
250°0 
227°5 
197°5 
175°6 
157°5 


c—x. 
5556 
5533 
5503 
5482 
5463 


4. 


10° Kk. ft. 
45 
58 
75 
90 

101 


1°46 
1°43 
1-50 


Titre. 
11-40 
10°20 

8°85 
7°95 
7°40 


a—*x. 
392°5 
377°5 
360-0 
349°4 
342°5 


b—*x. 
142°5 
127°5 
110°6 
99°4 
92°5 


%. 
107°5 
122°5 
139°4 
150°6 
157°5 


10° ik. 
1°52 
1°42 
1°52 
1-40 
1°45 


Mean =_—i11°46 


TABLE I. 


Kk x 10°. 
0-993 
0-670 
1°57 
1°53 
1°54 
1°56 
1:26 
1°27 
1:29 
1°16 
0°845 
1°95 
1°94 


Temp. b. Kk x 108. 


50° N/2 
55 N/4 
N/2 


H,O, %. 
5:0 


Temp. 
60° 


a. H,0, %. 
N/2 
N/4 
N/2 
N 
N/2 
N/4 
ve N/8 
N/4 N/4 
- N/2 N/2 
60 29 » 
” N/4 ” 


~ 
@ 


o 
woo 


—— 
BSS S Marry rors 


oe 

WOAAKANNYNWNS 
ASSSSSaUGaS 
SASH EKHOASSSOR 


a4 
or 
_ 
D4 
S 


The strong accelerating influence of water on the velocity is a marked feature of this 
reaction. The time for half reaction falls rapidly as the percentage of water is increased, 
but as Table II shows, the composite velocity constant Kk also decreases in value when the 
water content of the alcohol is increased. 


TABLE IT. 
N /4-Potassium o-tolyloxide. 
Temp. 60°. 


N/2-Ethyl acetate. 
Temp. 70°. 


0 100 
‘79 «312 








H,0, % 
Kk x 108 


0:36 2°65 
3°25 1°94 


10°0 
6 1°43 


20°0 
1-18 


40°0 
0°996 


12°5 
2°89 


25-0 


5-0 
16 2°21 


60°0 
0°8 


13 


It was found, however, that although the velocity of reaction is greatly accelerated by 
increasing the water content of the solvent alcohol, the velocity is not strictly proportional 
to the concentration of water present, as Table III shows. This is explained by the fact 
that the solvent medium is considerably altered by the addition of more than 10% water. 


TABLE III. 
N/2-Ethyl acetate. Temp. 60°. 


5-0 10°0 20°0 40°0 
2,653 5,431 10,985 22,097 
1:650 2-912 A'863 8°253 
6°22 5°36 4°43 3°74 


N/4-Potassium o-tolyloxide. 


2°5 
1,264 
0°9196 
7°27 


H,0, % 

Amount of H,O at 50% reaction 
dx/dt at 50% reaction 

104(dx /dt) /[H,O] at 50% reaction 


60-0 

33,208 

10°13 
3°05 


The reaction, however, will not proceed in the absence of water, and Smith’s statement 
(J., 1927, 172) that the time for half reaction is infinite when the water content falls below 
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half that of the concentration of ester and tolyloxide has now been confirmed. It is, in fact, 
possible to use this reaction to determine the water content of ethyl alcohol, by interpolating 
the reciprocal of time to half reaction against the water content, on a graph drawn from a 
series of reactions with known water content. This method is sufficiently accurate to 
measure 0-15°% of water. 

Temperature Coefficient—This has been determined by application of the modified 


Arrhenius equation : 
log, [KR], ——— (Q; + Qs) (= Cm ee 5) 
* [KR] R r 7+10 

The mean value for (Q, + Q.) calculated over the range 55—70° is 16,400. The ratio 
[KR]; /[ KR} over the same range is 2-1. 

Displacement Effect—The reaction has been studied in mixed alcohols. The partial 
displacement of ethyl by methyl alcohol gave irregular results. The addition of up to 
10% by volume of methyl alcohol raised the velocity of reaction; further addition up to 
40% retarded it. On the other hand, displacement of ethyl alcohol by both u-propyl and 
n-butyl alcohol caused progressive acceleration of the reaction: the velocity was 1-9 times 
as fast in n-butyl as inethylalcohol. It is very doubtful whether this accelerating influence 
is due to increased alcoholysis. That slight alcoholysis may occur with ethyl alcohol as a 
solvent is probable, but it can be shown that if the composite velocity constant Kk is ap- 
proximately proportional to the time to half reaction, then the extent to which alcoholysis is 
increased by the addition of a second alcohol is negligible. That the relationship Kk « 1/4, 
is approximately true for mixtures of ethyl with ”-propyl and -butyl alcohol is shown in 
Table IV. The proportionality does not hold for methyl alcohol. 


TABLE IV. 
N /4-0-Tolyloxide. N/2-Ethyl acetate. Water 5%. Temp. 60°. 
Methyl alcohol. n-Pyropyl alcohol. n-Butyi alcohol. 


Second ty, 10° KR Second tj, 105 Kk Second t, 105 Kk 
alcohol, %. 106° Kk. mins. Xt. alcohol, %. 10° Kk. mins. Xt. alcohol, %. 10° Kk. mins. x. 
0 166 280 4°65 2°5 173 «255 4°41 50 1770-255 4-51 
5 196 235 461 50 177 25:0 4:42 10°0 2°02 22:5 4°54 
10-0 2°07 23:5 4:86 10°0 184 240 4:42 40°0 2°37 19:0 4:50 
20°0 198 23:0 4:55 20°0 192 23:0 4:42 80°0 2°83 155 4°40 
40-0 211 245 517 40°0 2714 210 4:49 100°0 3°09 140 4°43 








There are indications that the acceleration in the presence of mixed alcohols is due to 
alcohol-cresol association. There is nothing to show, however, whether the velocity of 
saponification is either accelerated or retarded by the solvent employed, or whether there is 
any variation in the equilibrium constant. 

Relative Ester Activity.—In general, the degree of activity falls off in a regular manner with 
increase in the molecular weight of the ester. Table V shows the comparative activities of 
the esters, ethyl acetate being taken as the standard. 


TABLE V. 


N /4-Potassium o-tolyloxide. N/2-Ester. 5%, Water. Temp. 60°. 
[KR Jeater [Mh Jester . 
Ester. 10° Kk. [AR] gto ac Ester. 10° Kk. [KR] gtoac 
Ethyl formate ca. 894°0 ca. 539°0 Propyl acetate 1-59 0°96 
acetate . 1°66 (1-00) n-Butyl _,, 1°54 0°93 
propionate 0-940 0°57 isoButyl _,, 1°40 0°84 
» butyrate 0°507 0°30 *Phenyl s 0-094 0°057 
Methyl acetate 2°35 1-42 
* With N/4-potassium phenoxide. 


The reaction with ethyl formate was abnormally fast and it was impossible to obtain 
satisfactory constants. There is reason to believe that this is in part due to the presence of 
formic acid formed as result of partial hydrolysis of the ester by the water. Neither methyl 
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nor isobutyl acetate, as compared with ethyl acetate, is quite regular in its degree of re- 
activity ; as might be expected, the phenyl acetate—potassium phenoxide reaction is normal 
but extremely slow. This is due to the repression of the hydrolysis of potassium phenoxide 
by the phenol liberated by the saponification of the ester. Satisfactory constants were 
obtained by use of the formule, suitably modified. An example is given in Table VI. 


TABLE VI. 
N/4-Potassium phenoxide. N/2-Phenyl acetate. 5°, Water. Temp. 60°. 


Titre. a—x. b—x. c—x. x . Titre. a—x. b-—x. c—x. x. 107 Kk. 
30:0 500°0 250°0 2778 16°05 450°6 200°6 2728 49:1 1:01 
17°85 473°2 223°2 2751 i 15°5 443°8 193°8 2721 562 0°96 
17°05 463°1 213°1 2741 i , 15°25 4406 1906 2718 594 0°86 
16°70 458°8 2088 2736 15°1 438°8 1888 2716 61:2 0-91 
Mean 0°94 


Evaluation of Equilibrium Constant, K, and Velocity Constant, k.—By carrying out a 
series of experiments with the same concentrations of reactants in each case, and gradually 
increasing the initial quantity of o-cresol until the velocity of reaction became very small, it 
was possible to estimate approximately the extent to which the potassium o-tolyloxide was 
hydrolysed. This was done by comparing the times to 10%, 20%, 30%, etc., reaction 
(measured in terms of the theoretical quantity of o-cresol present in the reaction mixture) 
with the experimental results obtained when no initial excess of o-cresol was added. In the 
latter circumstances the empirical results showed a small but regular displacement from 
those indicated theoretically, and the extent of the displacement was taken as an approxim- 
ate measure of the extent of hydrolysis of the tolyloxide. The results obtained are shown 
below. 

N /4-Potassium o-tolyloxide. N/2-Ethyl acetate. Temp. 60°. 
Water, %. Hydrolysis of KOC,H\Me,%. Kk x 10% Kx 10% kx 103. 
5 4°9 1°66 2°28 7°28 
10 6°4 1-43 1°98 7°23 


Since the velocity constant is approximately the same with both 5% and 10% water 
solutions, it may be assumed that the variation of the equilibrium constant is the factor 
which causes the decrease in the values of the composite velocity constants with increase in 
the water concentration as noted in Table IT. 


EXPERIMENTAL. 


Ethyl alcohol was dried by repeated refluxing over freshly burnt quicklime. Final drying by 
refluxing over fresh calcium turnings and also by Selman and Fletcher’s method (Trans. Faraday 
Soc., 1929, 25, 432) offered no advantage. Methyl, »-propyl, and »-butyl alcohols were fraction- 
ated before treatment with quicklime. The esters were washed with dilute sodium carbonate 
solution, shaken vigorously with a saturated solution of calcium chloride to remove alcohol, 
dried for several days over freshly fused calcium chloride, and fractionated. Ethyl formate so 
treated developed traces of formic acid after a few days; it was therefore kept over chalk and 
distilled as required. Potassium o-tolyloxide was prepared in alcoholic solution by Robertson 
and Acree’s method (Amer. Chem. J., 1913, 49, 474; see also Cox, J., 1918, 113, 670). The 
solution was bright golden-yellow. 

An ordinary gas-heated thermostat fitted with a mercury-—toluene gas regulator of variable 
limit + 0-05° was used. The reaction mixture was contained in Jena hard-glass tubes of 
approximately 12 c.c. capacity, fitted with rubber bungs. Ester solutions were prepared by 
weighing out the required amount of ester and diluting immediately with dry alcohol. The 
calculated quantity of water was then added, and finally the solution was diluted with dry 
alcohol to bring it to the exact normality required. 5C.c. quantities of both tolyloxide and ester 
solutions were then pipetted separately into the reaction tubes. The most suitable indicator 
was found to be litmus. When the concentration of initially added o-cresol was high, the end- 
point was difficult to observe owing to slight fading; moreover, it was not very sharp when the 
reaction was nearing completion. All other indicators, except lacmoid, exhibited pronounced 
fading. The double tube method for the measurement of rapid reactions described by Smith 

3U 
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(loc. cit.) was used for the ethyl formate reaction, but it did not give satisfactory results at the 
temperatures used in this work, for the ester was partially hydrolysed during the warming period, 
so satisfactory constants were not obtained. 

The reaction products were examined by Cox’s method of relative densities for formation of 
ether, but no trace was detected in any of the reactions; nor was any compound found other than 


those indicated by theory. (Received, May 19th, 1934. 
eceived, May ’ . 





207. The Relative Strengths of Certain Monohydric Phenols in 
Aqueous-alcoholic Solution. 


By LAURENCE J. SUMMERBELL. 


ALL previous work on the relative acidities of the phenols has been carried out in aqueous 
solution (Hantzsch and Farmer, Ber., 1899, 32, 3066; Bader, Z. physikal. Chem., 1890, 6, 
290; Raikow, Chem. Zig., 1903, 27,781). Boyd (J., 1915, 107, 173, 1538) drew up a com- 
parative list of acidities by using the sodium phenoxide—methyl acetate reaction and 
applying Shields’s equation (Z. physikal. Chem., 1893, 12, 167), but his results were at 
variance with those obtained by some of the previous workers. No attempt has hitherto 
been made to study the relative acidities in aqueous-alcoholic solution, yet Robertson and 
Acree (J. Physical Chem., 1915, 19, 381) found very marked deviations in the behaviour of 
the phenoxides of sodium and potassium in ethyl alcohol as compared with results obtained 
in aqueous solution. 

The method adopted in this work was to compare the relative reactivities of the potass- 
ium salts of the various monohydric phenols towards ethyl acetate, propionate, and butyrate 
under exactly analogous conditions. Three esters were used in order to have a counter- 
check of the results obtained with one ester with those obtained when using another, for 
since the reactivity of the potassium salt is dependent upon the extent of hydrolysis of the 


phenoxide employed, the latter may be assumed to be the same no matter which ester is 
used, provided that there is no material change in the solvent medium. 

By application of the formule shown in the preceding paper, composite velocity 
constants [Kk] were calculated. The reaction were carried out at 60° with N/4-potassium 
phenoxide and N/2-ester in ethyl alcohol with addition of 5°%% of water. The potassium 
salts of «- and 8-naphthol were also examined and are included in Table I. 


TABLE I. 


Potassium Value of Kk x 10* for ethylester. Potassium Value of Kk x 108 for ethyl ester. 
salt of Acetate. Propionate. Butyrate. salt of Acetate. Propionate. Butyrate. 


isoEugenol 0-289 0°157 0°084 p-Xylenol 2°22 1-09 — 
Guaiacol 0°352 0-201 0°124 o-3-Xylenol — 1°54 0-842 
Eugenol 0°480 0-273 0°147 m-4-Xylenol 3°05 1°65 0°887 
Phenol 0-488 0-273 07153 Carvacrol 3°32 1-82 1-05 
o-Ethylphenol 0°752 0-423 0°227 -Cumenol 4:09 2°24 1°22 
m-Cresol 0°788 0-403 0°257 hymol 5:06 2°77 1°45 
p-Cresol 1-02 0-590 0°376 a-Naphthol 0°237 0-140 0-0789 
o-4-Xylenol 1°42 0°772 0°435 B-Naphthol 0-295 0°161 0-0914 
o-Cresol 1-66 0-940 0°507 


Since the equilibrium constant K has the same value irrespective of the ester used, pro- 
vided the same phenoxide is employed, ROOK + H,O == KOH + R-OH, it is possible 
to obtain the reactivity factors of the esters concerned. These are shown in Table II. 

The values of Kk did not, in general, vary beyond the limits of experimental error, and 
it may be assumed, therefore, that all the monohydric phenols examined follow precisely the 
same course as o-cresol (see preceding paper) in their reactions with the aliphatic esters. 

Relative Acidities of the Phenols.—The composite velocity constants obtained by applic- 
ation of the formule are the product of the equilibrium constant K and the velocity constant 
of saponification of the ester k. Now, in any series of reactions carried out under analogous 
conditions, with different phenoxides but with the same ester throughout, & will have a 
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Potassium 
salt of 

a-Naphthol 
isoEugenol 
p-Naphthol 
Guaiacol 
Eugenol 
Phenol 
o-Ethylphenol 


CAR) acetate. 
[AR] Butyrate. 


3°0 


TABLE II. 


[KR] propionate 


[JR] putyrate : 
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Potassium 
salt of 
p-Cresol 
o-Cresol 
o-4-Xylenol 
o-3-Xylenol 
p-Xylenol 
Carvacrol 
y%-Cumenol 
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[KR] Butyrate. 
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common value; therefore under these conditions [Kk],/[Kk],; = [K],/[K]g, where [K], 
and [K], are the equilibrium constants for two different phenoxides. 

The equilibrium constants are directly related to the extent of hydrolysis of the phen- 
oxides, and hence to the degree of acidity of the phenols in question. Taking the equili- 
brium constant for potassium phenoxide as the standard for [K], in each case, the relative 
acidic values [K],/[K], of the phenols examined are as given in Table ITT. 


TABLE ITI. 


Values of [K],4/[A]g in reaction with 
Phenol. Acetate. Propionate. Butyrate. 
a-Naphthol 0°48 0°51 0°51 
isoEugenol 0°59 0°58 0°55 
B-Naphthol 0°60 ° 0°59 
Guaiacol 


m-Cresol 


drardrdadadas 
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“ 
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o-4-Xylenol 
o-Cresol 
p-Xylenol 
o-3-Xylenol 
m-4-Xylenol 
Carvacrol 
¥-Cumenol 


Percentage Hydrolysis of the Phenoxides—The equilibrium condition is given by 
[K] = [R-OH][KOH]/[R-OK][H,O]. The phenoxide concentrations throughout were 
N/4, and the water was 5% by volume. If the extent of hydrolysis of any one phenoxide is 
expressed as z milliequivs. per 1., then for any two phenoxides A and B we may write 


[K], is [z,]?(250 — zg)(2778 — zy) _ fa 
[K]p [zn (250 — 2,)(2778 — 2.) [znP* 


Hence, V[{[K],/[K]y = 24/23 = 7 = pa/Pp, where r is the ratio value, and #, and fp, 
represent the percentage hydrolysis of the respective phenoxides. By using the mean 
values from Table III and taking the percentage hydrolysis of potassium o-tolyloxide as 
4-9 (p. 995), Table IV has been calculated to show the approximate percentage hydrolysis 
values (p) of the potassium salts of the given phenols. 


TABLE IV. 


Potassium salt of 
o-4-Xylenol 
o-Cresol 
p-Xylenol 
o-3-Xylenol 
m-4-Xylenol 
Carvacrol 





approx. 


Potassium salt of 
a-Naphthol 
isoEugenol 
£-Naphthol 
Guaiacol 
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a- and 6-Naphthoxides followed the same course in their reactions with the aliphatic 
ésters as the potassium salts of the ordinary monohydric phenols. Both are feebly acidic 
but «-naphthol is the stronger. Catechol monomethyl ether, which gave a dull green, 
sparingly soluble potassium salt in ethyl-alcoholic solution, likewise reacted normally and 
behaved as an ordinary monohydric phenol, the methoxy-group apparently increasing 
the acidity of the phenolic nucleus. 

The change from eugenol to :soeugenol causes increased acidity. Throughout the series 
the acidity of the phenolic nucleus is rapidly decreased by accumulation of alkyl groups. 
The effectiveness of the alkyl groups in decreasing the acidity is in the order ethyl, methyl, 
isopropyl, and the positional effectiveness of the methyl groups in decreasing the acidity 
diminishes in the order o>p>m. 

In simple cases, substitution of methyl groups in the nucleus has an approximately 
additive effect on the extent of hydrolysis of the phenol ; ¢.g., from the values of r (Table IV), 
the extent to which the comparative hydrolysis is increased by the introduction of methyl 
ortho, para, and meta to hydroxy] is 0-84, 0-49, and 0-26, respectively. From these values 
the relative extent of hydrolysis of the xylenols may be built up additively, thus : 


Calc. Found. 
p-Xylenol considered as phenol + o-CH, + m-CH, = 2°10 2°08 
m-4-Xylenol __,, a » » oo + PCH, = 333 2°46 
o-3-Xylenol a ri » =o  -CH, = 2°10 2°36 
o-4-Xylenol oa a - », m-CH, + p-CH, = 1°75 1°69 
That the groups exercise a mutual influence on each other, however, is clearly shown in 
the case of o-3-xylenol, and in %-cumenol the mutual influences are so strong that it is not 
possible to obtain even an approximate additive value for the comparative hydrolysis, by a 
consideration of the group values obtained either from the xylenols or from the cresols. 


EXPERIMENTAL. 


The solutions of esters and phenoxides were prepared as described on p. 995. Some difficulty 
was experienced in choosing a suitable indicator. Litmus was satisfactory in the majority of 
cases, but not with guaiacol, eugenol, and isoeugenol solutions, which turned bluish-green on the 
addition of the indicator; potassium o0-3-xylyloxide gave a green solution. For these cases 
phenol-red was satisfactory. The alcoholic solution of potassium $-naphthoxide (small plates, 
m. p. 39°), when fresh, was a faint golden brown, but on keeping turned through brown to dark 
green. With this salt the titrating acid must be kept at a suitable concentration, otherwise 6- 
naphthol separates and interferes with the colour change of the end-point. Potassium isoeugen- 
oxide is sparingly soluble in alcoholic solution but more soluble in water. On addition of potass- 
ium ethoxide to isoeugenol in alcohol, the mixture sometimes sets to a pink pasty mass which 
slowly redissolves on shaking and further addition of alcohol: the reaction is pronouncedly 
exothermic. 

The potassium salt of eugenol (prismatic crystals, m. p. 127°) and that of guaiacol (needle- 
shaped crystals, m. p. 167°) are sparingly soluble in ethyl alcohol, but the latter is more soluble in 


water. 
[Received, May 19th, 1934.] 





208. Physicochemical Studies of Complex Formation involving Weak 
Acids. Part VIII. The Optical Rotation of Solutions of Tartaric 
Acid, Tartaric Acid during Neutralisation, and of Neutral Tartrates, 
with a Note on the Effect of Sodiwm Chloride. 


By H. T. S. Britton and PATRICIA JACKSON. 


BEFORE embarking upon a detailed investigation of the alteration in the optical activity of 
tartaric acid on formation of complexes with different oxides, it was considered advisable 
to ascertain whether the rotation caused by the acid itself in dilute solution, and especially 
whilst undergoing neutralisation with alkali, could be correlated quantitatively with its 
two dissociation constants. TIonisation has long been known to influence the optical 
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activity of the salts of active bases or acids in dilute solutions, and it forms the basis of the 
so-called law of Oudemans and Landolt; for instance, van ’t Hoff (“‘ The Arrangement of 
Atoms in Space,’’ 1898, p. 140) points out that the differences between the rotations of 
alkali tartrates and hydrogen-tartrates in dilute solutions are constant, indicating that 
the tartrate and the bitartrate ion possess each a characteristic rotation. On the contrary 
(op. cit., p. 142), tartaric acid is regarded as an imperfect electrolyte, for, temperature 
being kept constant, rotation decreases with increasing concentration. 

Recently, Vlés and Vellinger (Compt. rend., 1925, 180, 742; Bull. Soc. chim., 1925, 
871, 841) attempted to account for the increase in rotation consequent upon the neutralis- 
ation of tartaric acid by assuming that the undissociated acid and both its ions each possessed 
characteristic rotations. Since these rotations, however, were obtained by “ trial and 
error’’ in order to secure agreement between calculated and observed results, their 
conclusions cannot be considered as proven. 

It is now shown that the values of the molecular rotations of undissociated tartaric 
acid and the bitartrate ion can be calculated from the actual rotations of tartaric acid 
solutions of increasing concentration and the dissociation constant governing the first 
stage of ionisation of the acid. The rotations were measured at 25-0° with both the Na D 
and the Hg 5461 line. The molecular rotation due to the tartrate ion was obtained from 
the observed rotations of dilute sodium tartrate solutions. In order to correlate the 
optical activity of tartaric acid during neutralisation with the variations in ionisation, 
it was necessary to confine our attention to dilute solutions : these yielded comparatively 
small rotations and any experimental errors were consequently magnified. Nevertheless, 
the results clearly reveal the additive nature of the rotations of the undissociated acid and 
of its two ions throughout the course of neutralisation. They also show that ionisation 
has a definite effect on the optical activity of the tartaric acid molecule, and that the 
diminishing molecular rotation of tartaric acid in solutions of increasing concentration 
is consistent with the classical theory of incomplete ionisation. 


EXPERIMENTAL. 


1. Determination of Molecular Rotations of Tartaric Acid and the Hydrogen Tartrate Ion at 25°.— 
In order to find these molecular rotations, advantage was taken of the fact that, except in very 
dilute solutions of tartaric acid, the extent of the ionisation HT’ => H’* + T” is negligible, 
and hence the ionisation may be regarded as being entirely due to the equilibrium H,T == H* + 
HT’. 

From a knowledge of K,, therefore, the degree of ionisation, «, may be calculated for any 
concentration. Then, if [My,7] represents the molecular rotation of the free undissociated 
acid, [Myy.] that of the hydrogen tartrate ion, and [My,r]ops, the observed molecular rotation, 
it might be expected that [My,rlops. = (1 — «)[Mu,r] + «[Mur]. Hence, if « and [My,rlops. 
are found for a series of solutions of tartaric acid of different concentrations, it should be possible 
to calculate [My,7] and [Myy]. For this purpose, a series of solutions extending from 0-1M- 
to 1-0M-tartaric acid were investigated. The observed rotations (accuracy + 0-01°) (/ = 4) 
are recorded in Table I, cols. 3 and 6; the values of [My,r]ops., cols. 4 and 7, were calculated 
from [My,rlobs. = «** //c, in which «®* is the observed angle for / = 4 dm., and ¢ represents the 
concentration of the tartaric acid in g.-mols. per litre. This departure from the usual convention 
was necessary in order to compare the optical activity of the solutions with their degree of 
ionisation. The values of [M] here given may be converted into those based on the recommend- 
ations of the International Union by multiplying by 10. 

Since the rotation—neutralisation experiments were carried out in 0-1M-tartaric acid 
solutions, the dissociation constants, K, and K,, were redetermined from pg values set up 
during the neutralisation of the acid in a solution of that concentration, being calculated by 
means of Britton’s formule (J., 1925, 127, 1896) from measurements with the hydrogen electrode 
at 18°. The typical data given below were obtained from a titration of 50c.c. of 0-1M-tartaric 
acid with 0-2771N-sodium hydroxide. The mean values are in excellent agreement with 
those obtained by Britton, using more dilute solution$. 

75 22°5 10-0 25°0 
2°75 3°75 2°94 3°93 
: 117 t Mean 1°17 
1-01 05 » 1:03 
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TABLE I, 
Variation in [My,rlsiq, and [My,r|p with concentration. 


[Mu,r]sse- [Mu,rlb . 
Concn. of a ’ ae 

H,T, mols./l. a. Obs. Cale. ap, obs. Obs. Calc. 

0-1 0102 2-60° 2-52° + 0°90° 2-25° 2-26° 
0-074 2°46 2°43 
0-066 2°43 2-40 + 2°19 2-19 2-17 
0-060 2-41 2-38 
0°053 2°37 2°36 
0°047 2°34 2°34 + 4:26 2°13 2°12 
0°043 2°32 2°32 
0-039 2-30 2°31 + 6°17 2-06 2-10 
0-034 2-25 2-29 + 7:93 1-98 2-08 
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The values of « (col. 2 of Table I) were calculated from K, = 1-17 x 10°, and by solving 
a large number of simultaneous equations, the following mean values of the molecular rotations 
were obtained : [Myg,rliiq, = 2-18°; (Mur ls = 5-51°; [My zlp = 2-00°; [Mur]p° = 4:50°. 

Cols. 5 and 8 of Table I, which give the apparent molecular rotations of tartaric acid as 
calculated by substituting the appropriate ‘‘ rotations ’’ and degrees of ionisation in the above 
equation, reveal a satisfactory agreement with the observed values. They also show that the 
“imperfect ’’ rotation of tartaric acid solutions can be explained on the basis of the additive 
nature of the rotations of the active constituents. Further proof of the value given for [My,7]%,, 
is to be found from the rotation of a solution of 0-1M-tartaric acid + N-hydrochloric acid, 
in which the ionisation of the tartaric acid would be largely repressed. The rotation (/ = 4) 
was 0-88°, and therefore [My,r)5i, = 2°20°. 

2. Determination of Molecular Rotation of Tartrate Ion.—Darmois (Trans. Faraday Soc., 
1930, 36, 384), working with 5780 A., and Patterson (J., 1904, 85, 1116), using the D line, have 
both demonstrated that the rotations of alkali tartrates vary with concentration and approach 
the same magnitude in very dilute soluticn. Table II records the rotations which we obtained 


TABLE IT. 


Sodium tartrate. Potassium tartrate. Ammonium tartrate. 
a®5°, (Men a®s°, a a®*, 

1-40° 1-40° — 

2°81 2°82 " 2-81° 

5°56 5°72 5°67 

8-29 . 8°74 ‘ 8°59 
10°99 4 11°79 , 11°53 
13°66 . 14°92 . 14°46 
16°32 5 18°12 . 17°44 
18°98 - 21-28 ‘ 20°41 
21°63 F 24°48 " 23°39 
24°26 P 27°64 5 26°38 
26°84 ° 30°51 . 29°36 
5 33°42 
39°73 
at 25° with 5461 A. These show that, whilst solutions of potassium and ammonium tartrate 
increase in optical activity with increasing concentration, those of sodium tartrate diminish. 
These observations are similar to those of Darmois, and, as suggested by him, are very probably 
due to different degrees of hydration of the three. kations and their resulting effect on the 
electrical condition of the active anions. 

These data also show that in 0-1M-alkali tartrate solutions the molecular rotation is, 
within experimental error, almost independent of the kation, the effects of possible hydration 
then having been largely minimised by the enhanced dilution. Table II_ shows that the mole- 
cular rotations are 7-02—7-05°. If it be assumed that the alkali tartrates are so dilute that the 
specific electrical effects of the kations are reduced to small magnitudes, it follows that 
[My-J3im = 7-°0° approx. It might be held that the actual degree of ionisation of these salts 
should have been introduced into the foregoing calculation, but in the subsequent calculations, 
referring to neutralisation of tartaric acid, ionisation has been assumed complete, so it is highly 
probable that any errors thereby introduced will be compensated. The value of [My.]f as 
deduced from the rotation of 0-1M-sodium tartrate solution was 6-0°. In consequence of the 
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above observations, it was considered that any relationship which might exist between optical 
activity and the degree of ionisation would best be observed with 0-1M-tartaric acid solutions, 
despite the relatively large inaccuracies in the optical measurements. 

3. Neutralisation of 0-1M-Tartaric Acid with Sodium Hydroxide at 25°.—A series of tartaric 
acid solutions were prepared such that they corresponded to 0-1M-tartaric acid in increasing 
degrees of neutralisation. Their pq values and rotations were determined and are recorded in 
Table III; col. 4 gives the molecular rotation calculated from the data in respect of the total 
concentration of tartaric acid, free and neutralised, and col. 5 gives the rotations which were 


TABLE III. 
Solutions 0-1M-tartaric acid and xM-sodium hydroxide. 
(A) (Mayr, unats.Jee1 = 2°18°; [Mur]on = 5°51°; [My-]$iq, = 7°0°. 
[M]san- 
Osee1> eouorcrewm"l“n NaOH, Q5e61 
obs. Obs. Calc. 4M. pu- obs. 
1-04° 2-60° 2-48° 0-12 3°68 217° 
1:30 3°25 2-93 0°14 3°94 2°31 
1-51 3°77 3°55 0°16 4-20 2-45 
1-70 4°25 4°13 0-18 4°52 2-62 
1-88 4-70 4-70 0-20 9-22 2-80 
2-04 5°10 5°20 0-25 12-40 2-80 
(B) (Mu,runaiss]p = 2°00°; [Mur]p = 450°; [Mz-]p = 60°. 
[M)p’. 
ap, Fie a NaOH, " ap, | iin mE ie 
obs. Obs. Calc. 4M. Pu obs. Obs. Calc. 
0-90° 2-25° 2-23° 0°15 4-06 2-08° 520° 520° 
1-28 3°20 3°25 0°20 9°22 2-40 6:00 6-00 
1-73 4°33 4°35 


computed by assuming the additivity of the molecular rotations of the two tartrate ions and 
of the undissociated acid. The following is an outline of the mode of calculation. The 
principle of additivity is expressed in the equation 

H,T HT’ T”’7 
uy = Ee G— (Mue) + G— (Me) 
in which [M] is the Nine etait rotation, and [H,T], HT’), and [T”’] refer to the con- 
centrations of the respective molecular and ionic species, Cy,» being the total concentration 
of tartaric acid. The following equations hold for the ionisation of tartaric acid : 


= (H’)(HT’]/(H,T]; K, = (H’)[T”]/[HT’] 
Cu,r _ [H,T] + (HT’) + (T’’], 


and from these are derived equations for the proportions of the total acid existing in various 
forms, from which it is clear that the latter can be calculated from K,, K,, and [H’]: 


(HT) /Car = 1/(1 + K,/(H'] + K,K,/[H'}’) 
[HT’]/Caye = 1/(1 + [H']/K, + K,/[H}") 
(T"]/Cuye = 1/(1 + (H'}/K, + (HP /K,K,) 


For a solution of tartaric acid, Cyr, undergoing neutralisation with sodium hydroxide, 
Cue = [H,T] + [HT’] + [NaHT] + [(T”] + [Na,T], 


[NaHT] and [Na,T] representing the concentrations of the undissociated salts present. Provided 
that the solution be sufficiently dilute, the ionisation of the salts formed may be assumed to be 
complete. Hence the foregoing relationships may be expected to hold throughout the neutralis- 
ation of the tartaric acid. 

Taking into consideration the relative magnitude of the errors involved in measuring the 
rotation of these dilute solutions, it is considered that the agreement between experimental 
and calculated rotations is satisfactory and certainly justifies the assumptions made regarding 
the additive property of the three active constituents present during the neutralisation of 
tartaric acid. 


[My,7] + 
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It is interesting to compare the values here obtained with the D line (5890—5894 A.) for 
the molecular rotations of tartaric acid and the hydrogen tartrate and tartrate ions with those 
‘‘obtenu par tatonnement ” for 5770—5791 A. by Vlés and Vellinger. Whereas we find (by 
experiment) 2-00°, 4-50°, and 6-0° respectively, the corresponding values found by these workers 
to fit the observed rotations during the neutralisation of tartaric acid solutions at the con- 
centrations 0-5, 0-25, and 0-10M (temperature not given) were 2-00°, 5-9°, and 6-11°. 

Effect of Sodium Chloride.—As neutral salts, particularly sodium chloride, will be present 
in some of the complex tartaric acid and tartrate solutions to be described later, some observ- 
ations have been made on the effect of various proportions of this salt on the optical activity 
of 0-1M-tartaric acid and 0-1M-sodium tartrate solutions, and our results on the former are 
given below : 


° 


65 
63° 


The reduction in the molecular rotation might be due to two causes: (a) repression of 
ionisation of the acid and (b) the hydration of the sodium chloride molecules. The latter is more 
probable, especially if the tartaric acid is unable to dissolve in the “ solvated ’’ water. 

Darmois (Ann. Physique, 1928, 10, 70; Compt. rend., 1927, 184, 1239, 1438) found that 
calcium chloride affected tartaric acid, and also that with the mercury yellow line neutral alkali 
salts influence the rotation of alkali tartrates, the effect of potassium chloride being to increase, 
and that of sodium chloride to decrease, the rotation. Our data for 0-1M-sodium tartrate and 
*M-sodium chloride are given below : 


NaCl, ane, ap, NaCl, ane, ap, 


*M. obs. [Myar]sui- obs. [(Myarlp - «M. obs. [My,rlse- obs. [Myarlp- 

0 2°81° 702° 2°40° 600° 10 2°73° 6°83° 2°35° 5°87° 

0°5 2°76 6°90 2°39 5°97 2-0 2°67 6°67 2°32 5°80 
Cols. 3 and 5 indicate that sodium chloride reduces the molecular rotation of sodium tartrate 
in a fashion similar to that shown in Table II. The diminutions are undoubtedly due to the 
same cause, viz., the common sodium kation and the fact that it is heavily hydrated. This 
explanation is supported, at least qualitatively, by comparing the concentrations of the solutions 
which give the same molecular rotations in the above table and in Table II; e.g., both 0-1M- 
sodium tartrate plus 0-5M-sodium chloride and 0-3M-sodium tartrate give + 6-90° for [My,.7]3im, 
and these solutions contain respectively 0-7 and 0-6 equiv. of sodium. In view of the probability 
that factors other than the hydration of the sodium ions, e.g., activity or ionisation, come into 
play in the rotatory power of the above solutions, the data show that the like rotations of the 
two pairs of solutions are to be ascribed in a large measure to the sodium concentration. 


Grateful acknowledgment is made to H.M. Department of Scientific and Industrial Research 
for a grant (to P. J.). 
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209. Physicochemical Studies of Complex Formation involving Weak 
Acids. Part IX. Complex Formation between Boric and Tartaric 


Acids. 


By H. T. S. Britron and PATRICIA JACKSON. 


Biot observed in 1835 that boric acid increased the rotatory power of tartaric acid solutions. 
It also increases the electrical conductivity [Magnanini, Gazzetia, 1891, 21, (ii), 215; 
Amadori, ibid., 1931, 61, (ii), 215] and the hydrogen-ion concentration (Rimbach and 
Ley, Z. physikal. Chem., 1922, 100, 393; Burgess and Hunter, J., 1929, 2838). These 
properties are usually ascribed to the formation of a complex borotartaric acid, and such 
a view seems admissible from the fact that boric acid diminishes the conductivity of 
solutions of sodium tartrate [Magnanini and Bentivoglio, Gazzetta, 1893, 28, (ii), 451] 
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apparently owing to the formation of a borotartrate ion having a lower mobility than 
that of the tartrate. 

Potentiometric titrations of concentrated solutions of mixtures of boric and tartaric 
acids have been described by Burgess and Hunter and by Lowry (see below), which indicate 
that boric acid has a pronounced effect in strengthening the tartaric acid in its initial 
stages of neutralisation and weakening it somewhat in the final. The first authors con- 
sidered their curve to point to the dibasicity of borotartaric acid, whilst Lowry suggested 
that the final weakness might be caused by ‘a little extra work to detach the last carboxyl 
from the boron.” 

Many attempts have been made to isolate the complex acid salts in crystalline form 
from solution, and numerous substances have been described. Burgess and Hunter 
determined the isotherms at 0°, 25°, and 50° of the ternary system boric acid-tartaric 
acid—water, but found no evidence of any solid complex acid, the only solid phases being 
the two simple acids (see also Bancroft and Davis, J. Physical Chem., 1930, 34, 2479). 
Recently, Lowry (J., 1929, 2853) and Bancroft and Davis have isolated a potassium 
borotartrate, KB(C,H,O,)., in which the boron is believed to exist as the result of a quadri- 
covalent linkage. The ammonium salt and the analogous potassium boromalate have 
since been described by Jones (J., 1933, 951). 

No attempt appears to have been made, however, to bring all the physicochemical 
evidence together and to formulate a theory regarding the complex acid and salt as they 
exist in solution. In order to make it possible to interpret conductometric and potentio- 
metric data and to correlate them with polarimetric data it is necessary to confine atten- 
tion to dilute solutions, and then to éxtend the conclusions to more concentrated 
solutions. There is, however, a limit to the dilutions that can be employed, for both 
Magnanini and Amadori have shown that in very dilute solutions complex formation 
can hardly be detected by conductivity measurements. 

We have confined our attention largely to solutions of the order of decimolar, and 
have followed the change in xg, conductivity, and optical rotation during the progressive 
addition of sodium hydroxide to various tartaric—boric acid mixtures. With every 
amount of boric acid used, a maximum rotation corresponding to the proportions 
Na,T,NaHT,xHBO, was observed, and in alkaline solutions the rotations depended upon 
the boric acid present ; they were always lower than that of the sodium tartrate and 
with much boric acid they even became levorotatory. This is all the more surprising, 
for both the #q and the conductivity of the alkaline solutions suggest that sodium d-boro- 
tartrate, which might have previously been formed, had then become decomposed. 


EXPERIMENTAL. 


I. Rotatory Power.—Five series of solutions were prepared containing tartaric and boric 
acids in various degrees of neutralisation. Each solution was 0-1M with respect to tartaric 
acid, free and combined, and the different series were respectively 0-025, 0-050, 0-075, 0-3161, 
and 0-500M with respect to boricacid. The extent of neutralisation is given in col. 1 of Table I. 
The rotations were measured in a 4-dm. glass-jacketed tube at 25°, and each measurement is 
the mean of 20 readings. The rotations were taken with the mercury 5461 A. line. To facili- 
tate comparison, the data are recorded in cols. 3—7 (Table I) as molecular rotations, in terms 
of total tartaric acid. The molecular rotation [M] = observed angle/4 x concentration of 
tartaric acid (free and combined). Col. 8 refers to a similar set of measurements on solutions 
1M with respect to tartaric acid and 0-5M with respect to boric acid. 

These rotations are plotted in Fig. 1 against the equivalents of alkali present in the solu- 
tions. The heavy line is that of the neutralisation of 0-1M-tartaric acid, and the broken line 
corresponds to the data in col. 8. The different curves are marked by the molecular ratio of 
boric acid : tartaric acid. The most remarkable observation brought out by these curves is 
that the maximum rotations occur in each case when the tartaric acid has undergone three- 
quarters neutralisation, i.e., corresponding to Na,T,NaHT. It is also seen that the smaller 
proportions of boric acid exert a relatively larger influence in determining the magnitude of 
these maxima than do the greater amounts. Thus the increase produced by 0-5 mol. of boric 
acid to 1 mol. of tartaric acid is 10-35°—5-88° = 4-47°, compared with the rotation of tartaric 
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acid at the same stage of neutralisation, whereas the change produced by increasing the bo ric 
acid from 3-161 to 5:0 mols, is 19-65°—18-25° = 1-40° (Table I). A similar effect is seen in 
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the case of the initial free acid solutions. A rapid diminution in the rotation occurs after 
passing the maximum, but at 2 mols. of alkali, the rotations are still much higher than that 
of the sodium tartrate alone, Each of the curves intersects the sodium tartrate—alkali line at 
points, marked by arrows and “‘ Borax,’’ which correspond exactly with the neutralisation of 
one-half of the boric acid in the respective solutions. The rotations corresponding with these 
points are indicated by asterisks (*) in Table I. This agrees with the fact that in dilute solu- 
tions of sodium tartrate, the inclusion of borax does not alter the rotation of the active salt. 
With more alkali the rotations fall still lower, but the curves become inflected when the neutral- 
isation of the boric acid is complete in the form of sodium metaborate. The location of these 
points is marked by arrows indicating NaBO,. Thereafter the rotatory power assumes an 
approximately constant value, which is levorotatory in the case of those solutions containing 
sodium borate in amounts equal to, or more than, 5NaBO,:1Na,T. The broken line in 
Fig. 4 D shows the effect of increasing amounts of sodium metaborate on the rotation of sodium 
tartrate in alkaline solutions. The ordinate (to the left) gives the ratio of the observed rotation 
to the rotation of the sodium tartrate. 

The broken line in Fig. 1 is that of the neutralisation of 1M-tartaric acid and 0-5M-boric 
acid solutions. Although the curve is of the same form as those of the more dilute solutions, 
it will be seen that the maximum value is much higher than that given by the same ratio of 
the two acids in a solution ten times more dilute (denoted by “‘ }’’). 

Table II (a) gives the observed and molecular rotations produced by 0-1M-tartaric acid 
and #M-boric acid solutions, in which the tartaric acid is 75% neutralised, i.e., by 0-15M- 
sodium hydroxide. The last line gives the values of the rotations compared with that of the 
same tartaric solution, without boric acid, similarly neutralised. The values are plotted in 
Fig. 4 D against the mols. of boricacid. Inasimilar way, Table II (6) and Fig. 4C refer to 1-0M- 
tartaric acid, xM-boric acid, and 1-5M-sodium hydroxide solutions. It happens, however, 
that during neutralisation of M-tartaric acid solutions with sodium hydroxide, crystallisation 
of sodium hydrogen tartrate occurs and the rotation of such a solution at three-quarters neutral- 
isation cannot be experimentally determined. The values given in parentheses in Table II (5) 
were extrapolated from the values of M-tartaric acid and M-sodium tartrate, a,,. being 
9-01° and 26-84° respectively. The solutions 0-1M-tartaric acid + 0-5M-boric acid and 1M- 
tartaric acid + 1M-boric acid are very nearly saturated with respect to boric acid, and it is 
therefore interesting to note that the ratios of [M]max./[M]wa,rnant in both cases are almost 
identical. 

TABLE II. 


(a) 0-1M-Tartaric acid, xM-boric acid, 0-15M-sodium hydroxide. 
0°025 0°05 0°075 0°10 0°15 0:20 0°3161 0-50 
3°43° 4:14° 4°85° 5°24° 5°86° 6°37° 7°29° 7°86° 
858° 10°35° 12°13° 13°10° 14°65° 15°93° 18°23° = 19°65° 


1°46 1:76 2-06 2°23 2°49 2°71 3°10 3°34 


(b) 1M-Tartaric acid, xM-boric acid, 1-5M-sodium hydroxide. 
xM-HBO, 0-0 0-5 1-0 
a25° (22°38°) 60°24° 75°45° 
[Mmax.J25, 15-06° 18°86° 


[Mmax.] ' ' 
[Mwa,T,NaHT] sina ~_ 


The molecular rotations, referred to the tartaric acid contents only, of a series of borotar- 
taric acid solutions 0-1M with respect to tartaric acid are given in Table III, col. 4, and the last 
column records the ratios of these rotations to that of the tartaric acid alone. These are plotted 
in Fig, 4 C and so are the ratios corresponding to 1M- and 2M-tartaric acid solutions and the 
same solutions containing 0-5 g.-mol. of boric acid per litre. For M-tartaric acid, [M]%, = 
2-25°, and it becomes 7-38° in M-tartaric acid + 0-5M-boric acid, whence 7-38°/2-25° = 3-28, 
Similarly 2M-tartaric acid gives [M]%,, = 1-85°, and 5-72° in 2M-tartaric acid + 0-5M-boric 
acid solution, the ratio being 3-10. 

II. pq Titration Curves.—The heavy curve at the bottom of Fig. 2 is that of the titration 
of 50 c.c. of 0-1M-tartaric acid with 0-2771M-sodium hydroxide at 18° and was obtained by 
means of the hydrogen electrode. The thinner lines, taken in order downwards refer to the 
titration of mixtures of 0-1M-tartaric acid with 0-05M, 0-075M, 0-3161M, and 0-5M-boric 
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TABLE III. 

[MM]. 
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3°63 
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acid respectively. Even in such dilute solutions, the boric acid is thus seen to have a marked 
effect in increasing the strength of the acid, the precise amount depending upon the proportion 
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of boric acid to tartaric acid in the solution. The borotartaric acid curves either cross, or 
tend to cross, the tartaric acid curve at a point corresponding approximately to three-quarters 
neutralisation of the tartaric acid. Immediately after the addition of 2 equivs. of alkali, the 
curves exactly follow the course of neutralisation of boric acid, and in every case the pq value 
at the mid-point of these sections is equal to PKupo,' The intersection of the borotartaric 


acid curves with those of tartaric acid at about three-fourths neutralisation is more apparent 
in the middle and upper pairs of curves (set out separately). They correspond respectively 
to the titrations of 50 c.c. of 1M-tartaric acid, and of 1M-tartaric acid + 0-5M-boric acid, 
with 2M-sodium hydroxide; and 50 c.c. of 0-5M-tartaric acid, and 0-5M-tartaric acid + 0-5M- 
boric acid, with 1-231M-sodium hydroxide. These two pairs of curves are very similar to 
those described by Lowry for a 2M-tartaric acid + 1M-boric acid mixture. 

Some data are recorded in cols. 3 and 6, Table III, showing the effect of increasing the 
amount of boric acid in 0-1M-tartaric acid solution on (1) the hydrogen-ion concentration (or 
activity) and (2) the relative ionisations (or activities) as obtained from a comparison of hydrogen- 
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ion concentration of the borotartaric mixture with that of 0-1M-tartaric acid. The falling pg 
values correspond to increases in ionisation which become nearly treble that of the acid alone 
when the solution contains 5 mols. of boric acid to 1 mol. of tartaric acid. The values given 
in the sixth column are represented graphically in Fig. 4 A. This diagram also gives the ratios 
of hydrogen-ion concentrations in the borotartaric acid mixture to those in tartaric acid for a 
series of solutions in which the latter acid was maintained at the concentrations indicated on 
the graphs. These curves, which were constructed from some observations of Rimbach and 
Ley, reveal very clearly the increasing effect of smaller proportions of boric acid on the ionisation 
of tartaric acid in more concentrated solutions. 

III. Conductometric Titrations.—Fig. 3 gives a series of conductometric titrations at 25° 
with 0-2771M-sodium hydroxide of 75 c.c. of solutions 0-1M with respect to tartaric acid, 
and 0-025, 0-05, 0-075, 0-3161, or 0-5M to boric acid. The graphs are marked by the molecular 
ratios of boric to tartaric acid. The ordinates at the beginning of the titrations illustrate the 
power possessed by the boric acid, which itself has negligible conductivity, of increasing the 
conductivity of the mixed acids in solution. The extent of the increase depends both on the 
concentration of the tartaric acid and on the proportion of boric acid added. Col. 2 of Table III 
gives the specific conductivities of 0-1M-tartaric acid alone and of solutions containing increasing 
amounts of boric acid; col. 5 gives the ratios of these conductivities to that of 0-1M-tartaric 
acid, and these ratios are plotted in Fig. 4 B. Amadori. (loc. cit.) has also determined the 
conductivities at 25° of tartaric—boric acid solutions in which the concentrations of both acids 
were varied. His data were used to construct the other curves in Fig. 4 B, which show the 
effect of adding increasing quantities of boric acid to tartaric acid solutions of the concen- 
trations marked on the curves. They show that, as the concentration of the tartaric acid is 
increased, boric acid, even in relatively small amounts, produces a much more rapid increase 
in conductivity. As shown by the pg curves, this increased conductivity is caused by increased 
ionisation, and this fact is reflected in the conductometric graphs in Fig. 3. The moderate 
strength of the first stage of ionisation of tartaric acid is responsible for the small diminution 
in conductivity, through the substitution of hydrogen ions by sodium ions during the early 
part of the titration until a minimum is reached, after which the ionisation of the acid is 
sufficiently repressed that the conductivity again increases owing mainly to the formation of 
sodium bitartrate and, subsequently, of the normal tartrate. The addition of more and more 
boric acid to the tartaric acid not only raises the conductivity of the acid solutions, but, as the 
curves show, imparts to the mixture the function of a strong acid. For instance, with 5 mols. 
of boric acid, there is a rapid decrease in conductivity during the addition of the first 0-5 equiv. 
of alkali. The positions at which the minima occur are determined by the quantity of boric 
acid. Another important observation is that after the minima have been passed the con- 
ductivities gradually become lower than those indicated by the tartaric acid graph, the diver- 
gence being greater the greater the amount of boric acid. Nevertheless, definite ‘‘ breaks ”’ 
are produced with 2 equivs. of alkali, and the remaining sections of the curves correspond 
exactly with the neutralisation of the whole amounts of boric acid, followed by the straight 
lines indicating that unattacked alkali is passing into the solutions. 

In connexion with the differences in conductivity occurring when the tartaric acid had been 
completely neutralised, Magnanini and Bentivoglio (loc. cit.) found, for example, by adding 
5 mols. of boric acid to 1 mol. of sodium tartrate at 25° that in 0-1M-tartrate solution the 
molecular conductivity was diminished by 16 mhos and, in the case of 0-05M-sodium tartrate 
solution, by 13 mhos. In the present titrations, the concentration of sodium tartrate formed 
when 2 equivs. of alkali were added was 0°0581M. In the simple tartaric acid titration, the 
specific conductivity then was 9-75 x 10-3 mho, and 8-70 x 10° mho in the 5: 1 titration, 
thus showing a decrease in up of 18. With 0-75 mol. of boric acid, x = 9-46 x 10-° mho and 
therefore the difference was 5, whilst in the 3-161 : 1 titration, x was 8-91 x 10°, decrease = 14. 


DISCUSSION. 


Comparison of the curves in A, B, and C of Fig. 4 reveals the important effect of the 
concentration of tartaric acid on the magnitude of the increases in hydrogen-ion con- 
centration, specific conductivity, and optical activity produced by adding boric acid. 
In the highest concentrations represented, viz., 1—2M-tartaric acid, rapid linear increases 
occur with 0-5 mol. of boric per mol. of tartaric acid, whereas in the more dilute solutions 
boric acid yields smaller and gradually diminishing increases as the proportion is made 
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larger. If it be assumed that these changes are the result of some chemical combination 
between the two acids in forming a complex borotartaric acid, 
xTartaric acid + boric acid =~ borotartaric acid, 
then, according to the law of mass action, 
K = [Tartaric acid]*[Boric acid]/[Borotartaric acid]. 


If x be greater than unity, then the stability of the complex acid will be more dependent 
on the concentration of the tartaric acid than on that of the boric acid. Hence, it follows 
that in the more concentrated tartaric acid solutions, boric acid would form a relatively 
greater amount of borotartaric acid than when the two simple acids are mixed in the 
same proportion in more dilute solutions. The greater increases in the physical properties, 
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which in the circumstances would be ascribed to the concentration of the complex boro- 
tartaric acid, in the concentrated solutions appear to justify the view that a complex acid, 
which is stronger and more optically active than tartaric acid, is actually formed. 

On the grounds of the mass-law expression, it would appear that the initial and the 
final slope of the curves might correspond chiefly with the formation of the complex acid, 
for, at the beginning, the tartaric acid is in large excess, whereas at the end, the boric 
acid is in excess, By drawing tangents to each curve at the beginning and at the end, 
it is found that they intersect at points, the abscisse of which are 0-5 mol. boric acid : 1 mol. 
of tartaric acid. This might be considered as evidence of the formation of ditartaric- 
monoboric acid; this proportion happens to be that in Lowry’s salt, H,T,KHT,HBO,. 

The behaviour in solution of the sodium analogue of Lowry’s salt should therefore be 
indicated by the points, L, in Fig. 1, 2, and 3. The positions of these points do not 
warrant any conclusions being made regarding the individuality of the salt. It might 
be held that the 5 boric: 1 tartaric conductometric curve in Fig. 3 offers some evidence 
of the monobasic nature of ditartaric—boric acid, as the strong-acid section of the graph 
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terminates when approximately 0-5 equiv. of alkali has been added, and the salt formed 
is NaHT,H,T,xHBO,. In such a dilute solution, however, it is by no means certain that 
all the tartaric acid is converted into the borotartaric acid, and it is therefore probable 
that, had the solubility of the boric acid permitted greater amounts to be included in 
the tartaric acid solution, the strong-acid section might have extended over a wider range 
of neutralisation. 

On the contrary, the maximum rotations in Fig. 1, and the convergence or inter- 
section of the f, curves in Fig. 2, seem to provide definite and convincing evidence that 
a complex salt is formed when 1-5 equivs. of alkali have been added per mol. of tartaric 
acid. In the light of the previous argument, the salt then formed is Na,T,NaHT,HBO,. 
The nature of the curve in Fig. 4 D affords evidence of the same proportion of boric acid 
in the salt as is present in the original acid. Incidentally, such a salt would appear to be 
the normal salt of a tribasic complex acid. Lowry’s salt would thus appear to be an 
acid salt (see also Jones, J., 1933, 951). 

Further additions of alkali, according to Fig. 2, merely cause the quantitative decom- 
position of the salt into normal sodium tartrate and sodium metaborate. The conducto- 
metric curves, Fig. 3, reveal that when 2 equivs. of alkali are added and sodium tartrate 
should be formed, the conductivity is too low, from which it is inferred that boric acid 
is still in a state of combination with the tartrate ion, thereby imparting to it a reduced 
ionic mobility. Thereafter, an excess of alkali appears to bring about complete decom- 
position. 

Difficulties, however, occur in the interpretation of the optical-rotation curves, for 
they show that the alkaline solutions do not give rise to rotations peculiar to the sodium 
tartrate alone, but to smaller rotations, and, indeed, if the proportion of sodium borate 
be sufficiently large, to levorotation. It is curious that on half-neutralisation of the 
boric acid, 7.¢., on production of boric acid and sodium borate in the proportion existing 
in borax, the optical rotations become equal to that of the sodium tartrate alone. Points 
corresponding with these conditions, however, lie on curves indicating rapid decreases in 
optical activity, which end in inflexions when the two parent acids have been completely 
neutralised. Further additions do not cause appreciable variations in optical activity. 

It is just possible that a sodium borotartrate may still exist in alkaline solution, despite 
the fact that the potentiometric curves provide no clues. This would be true if the com- 
plex acid were extremely weak, say K = 1074, and such a likelihood might possibly 
explain the lower conductivities during the neutralisation of the boric acid. As far as 
can be ascertained by physicochemical methods, neither of the two alcoholic groups of 
tartaric acid possesses an acid character, although some of the alcoholic groups in glycerol, 
hexoses, and phenols often are acidic, so much so that their dissociation constants can be 
measured. It is a well-known fact that glycerol and mannitol enhance the strength of 
boric acid, evidently owing to complex formation, and it may be that similar complex 
formation involving the alcoholic groups of sodium tartrate and boric acid is present in 
alkaline solution, although the sodium tartrate present in the titrated solutions had no 
measurable effect on the #q values during neutralisation of the boric acid. Such a com- 
plex salt would be formed to any great extent only in a solution containing a large excess 
of alkali, or in alkaline solution containing an excess of either sodium borate or sodium 
tartrate. In the solutions referred to in Fig. 3, the sodium tartrate concentration is 
maintained at 0-1M, whereas the borate concentration is varied. As those solutions con- 
taining the highest quantities of sodium borate were levorotatory, it would appear that 
the ionised complex salt is levorotatory, and hence the variations produced by the use 
of smaller proportions of borate would be the resultant of the activity of the sodium 
d-tartrate and whatever amount of the levo-complex tartrate that might have been 
formed, the relative amounts being determined by the proportion of boric to tartaric acid 
originally taken. 

It was thought possible that the complex originally present might decompose with 
the formation of some /-tartaric acid. This idea was abandoned for two reasons. First, 
it failed to account for the rotation of 0-1M-sodium tartrate being unaltered by the presence 
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of varying amounts of borax, and secondly, it might conceivably be possible to prepare 
l-tartaric acid by acidifying alkaline borotartrate solutions in which such inversion had 
taken place. Rotations of such solutions during acidification might be expected to lie 
below those of the direct titration. The forward titration rotations are, however, repro- 
duced with very slight divergences, due no doubt to the neutral-salt effect. 

If different complexes are stable in acid and in alkaline solution, it is probable that 
there exists a , of maximum instability for both types. If so, this may be that of solu- 
tions of sodium tartrate containing borax, where the tartrate is present as simple tartrate. 
This would explain the rotations observed for such solutions. 

In the previous paper of this series an attempt was made to calculate the observed 
rotations of certain tartaric acid solutions from the molecular rotation of their several 
components. In the borotartaric acid solutions here dealt with, conditions prevailing 
during neutralisation are such that the optical nature of the solutions is too complicated 
to admit, as yet, of theoretical calculation of the curves. Further, even if the actual 
type of constituents were known, the curves are still composite, representing superimposed 
curves, t.e., those of the complexes and that of unattacked tartaric acid, the relative 
proportions of which are governed by mass-law requirements. 

Fuller discussion of the theoretical significance of the optical maxima is postponed 
until work on certain other oxides has been completed. 


One of us (P. J.) gratefully acknowledges a grant from H. M. Department of Scientific 
and Industrial Research. 


WASHINGTON SINGER LABORATORIES, 
UNIVERSITY COLLEGE, EXETER. [Received, March 19th, 1934.] 





210. The Dissociation of the Selenates of Zinc and Cadmium in Water. 
By WiLi1AM H. BANKs. 


THE deviations which appear when,the Debye—Hiickel equation for a completely dissociated 
electrolyte is applied to solutions of salts have been studied mainly in two ways. Gronwall 
and LaMer and their co-workers (Physikal. Z., 1928, 29, 558; J. Physical Chem., 1931, 35, 
2245) have developed extended equations which are free from the mathematical approxim- 
ations involved in the Debye—Hiickel derivation, and have sought to interpret deviations 
from the latter as due to interaction of ions of small size. Davies and his co-workers (Trans. 
Faraday Soc., 1927, 23,351; Banks, Righellato, and Davies, ibid., 1931, 27,621; Money and 
Davies, ibid., 1932, 28, 609) have shown that solutions in which such deviations occur can 
be treated as if incompletely dissociated, and the deviations expressed quantitatively by 
means of dissociation constants. 

The two treatments are not necessarily incompatible, although the author in collabor- 
ation with others has shown (zbid., 1931, 27, 621) that the Gronwall—LaMer treatment can 
only have a limited application and must break down with many salts. LaMer, Cowper- 
thwaite, and Barksdale (J. Amer. Chem. Soc., 1934, 56, 544) have recently accepted this 
view and expressed the deviations shown by thallous chloride in terms of a dissociation 
constant. 

Zinc and cadmium sulphates have been treated in both ways. LaMer and Cowper- 
thwaite (ibid.,.1931, 58, 4333) and LaMer and Parks (ibid., p. 2040) have shown that the 
activity data for these salts can be fully accounted for by the Gronwall—LaMer equations, 
plausible values being used for the ionic radii. Davies has calculated dissociation constants 
from the conductivities of these salts (Trans. Faraday Soc., 1927, 28, 354) and has pointed 
out that, as closely similar values are obtained for these two salts and for a number of other 
metal sulphates, there are grounds for attributing the deviations wholly to electrostatic 
interaction. It therefore seemed of interest to study the corresponding selenates. 

The conductivities of these two salts have been measured at 25°, and the following values 
calculated: zinc selenate, Ay = 128-8, K = 0-0065; cadmium selenate, Ay = 130-0, 
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kK = 0-0054. For zinc and cadmium sulphates the dissociation constants are 0-0045 and 
)-0038. The data are compatible with the view that for each of these four salts both cation 
and anion are too strongly hydrated for any mutual polarisation of the ions to exert an 
appreciable influence, and hence large variations in dissociation constant such as occur with 
oxalates and halides of the transitional metals are absent. 


EXPERIMENTAL. 


Apparatus.—The measurements were carried out in a conductivity cell of the Hartley and 
Barrett type, constructed in transparent silica. The electrodes were of platinum coated with 
grey platinum. Conductivity water was obtained from a still of a modified Bourdillon type. 

The resistance measurements were made at 25-00° + 0-003°, the cell during measurement 
being immersed in an electrically heated oil-thermostat. The bridge was of normal design, 
employing the Wheatstone circuit, with a reading accuracy of about 0-01%; this is to be 
described more fully in a future publication, together with details of the cell-constant determin- 
ation. 

The cell constant, based on the Kohlrausch and Maltby standards (equiv. wt. for potassium 
chloride = 74-60), at 18° as a mean of 18 determinations was 4-777, x 10°? with an average 
deviation from the mean of 0-03%. 

Preparation of Zinc Selenate.—Pure zinc carbonate was added in small quantities, with con- 
tinued stirring, to an equivalent quantity of selenic acid (d@ 1-4) at room temperature. The 
crystals which separated over-night were dissolved in the minimum quantity of cold water and 
recrystallised by allowing the water to evaporate slightly in an evacuated desiccator. Mellor 
(‘‘ Comprehensive Treatise, etc.,’’ Vol. 10) states that crystals so obtained consist of the stable 
hexahydrate. After two crystallisations, however, the crystals effloresced on storage; this 
apparent instability of the hydrate necessitated storage under the saturated aqueous solution. 
When required for use, the crystals were drained by suction, dried by pressing between filter- 
paper, ground finely in an agate mortar, re-pressed, and re-ground (Found: Zn, 20-58, 20-90. 
Calc. for ZnSeO,,6H,O : Zn, 20-63%). The powder was weighed in a glass tube and dropped 
into a flask containing a known weight of conductivity water. 

Preparation of Cadmium Selenate.—13 C.c. of selenic acid were added to a suspension of 
10 g. of cadmium carbonate in water. The mixture was warmed on a steam-bath and, after 
action had ceased, filtered through glass-wool and concentrated in a silica dish. The crystals 
formed on cooling were drained free of mother-liquor and recrystallised. This second crop of 
crystals was redissolved, and the solution concentrated (but not sufficiently to cause crystallis- 
ation). The cool solution was then treated with absolute alcohol, and the salt thus precipitated 
as a fine white powder was filtered off, dried gently at first and finally to constant weight at 105°. 
The salt was analysed by Daubney’s method (Analyst, 1932, 57, 22) (Found : Se, 28-87. Calc. for 
CdSeO,,H,O: Se, 28-95%); it was therefore the monohydrate, as stated by van Hauer (J. pr. 
Chem., 1860, 40, 214) and Daubney (/oc. cit.). 

Results.—The results obtained for two runs in each case are summarised in the tables, where 
the concentrations in cols. 1 are expressed in g.-equivs. per 1000 c.c. of solution, all weights being 
calculated on vacuum basis (density of ZnSeO,,6H,O = 2-33; of CdSeO,,H,O = 3-63). The 
equiv. wts. for the cadmium and zinc salts were taken as 136-82 and 158-34 respectively. 

Cols. 2 show the specific conductivity (x) of the solvent water, which was in each case sub- 
tracted from that of the solution. The final equivalent conductivities are given in cols, 3. 

ZnSeO,; Kmean = 0°00651. CdSeO,; Kmean = 0°00542, 
Aamfs Am 

Cx104, ex10% =A. -108/Ay. X 108 K X10. Cx 104. eX 10%. A. 108/Ag. X 108, KX 108, 
20091 1182 123°22 7811 1:°070 1162 2°6445 0°762 122°33 7°823 1:369 560 
4-9089 is 118°57 7°934 2°328 729 5°0764 v= 118°33  7°943 2°393 506 
76513 - 115-29 8-032 3348 661 6°6907 os 116°37  7:998 3:002 526 
10°409 oe 112°85 8093 4265 695 83719 pa 114-48 8-052 3°592 517 
16739 0-431 123-15 7-841 0-904 595 IL127 =, = l1L83 8137 4477 525 
3°1640 120°54 7°903 1:592 630 3°3670 0-912 121°42 7°836 1:695 633 
5°6924 117-712 7:993 2°625 613 5°5239 oa 118°03 7°943 2°570 542 
7°6460 115°13 8-:042 3°340 637 7°7998 me 115°24 8026 3°400 527 
9°3459 113°50 8085 3°915 648 11°525 m 111°76 8127 4607 547 


Calculation of Dissociation Constants.—Since the value of A», the sum of the ionic 
mobilities at infinite dilution, is unknown, and it is also impossible to employ the “‘ square- 
3x 
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root ”’ rule, resort has been made to Davies’s method (J., 1933, 645) in which Ap is obtained 
pec from the relation 1/Aa — 1/Ay = Aamf? a IKAQ2, Aa being defined by Aa = aAg. 
The symbols have their usual significance. Aa is calculated by a series of approximations, 
and f, from log f, = — 0-505 x 4*/2C;. The plotting data are shown in cols. 4 and 5 of 


the tables. 
From the values of A, so obtained (see p. 1010) the sum of the ionic mobilities was calcul- 


ated, for each concentration, from the Onsager equation, Ar = Ay — b*/Ci, and hence the 
degree of dissociation. The mass-action constants so obtained are shown under XK in the 


last columns of the tables. 


The author thanks Dr. C. W. Davies for his helpful advice during the investigation. 


BATTERSEA POLYTECHNIC, LONDON, S.W. Il. [Received, May 15th, 1934.] 





211. Isomerides of Quadricovalent Palladium and Platinum. 
By F. W. Pinxarp, E. SHARRATT, W. WARDLAW, and (in part) E. G. Cox. 


WHEN Ley and Ficken (Ber., 1912, 45, 377) examined the reaction of glycine and potassium 
chloroplatinite, they obtained one compound of the empirical formula Pt(NH,°CH,°CO,), 
whose properties showed it to be covalent. However, if the valencies in 4-covalent 
platinum are coplanar, two isomerides (I) and (II) should exist. 


CH,’NH, yNis CH, coO——O, yNE, CH, CO,H-CH,*NH, Cl 
X \ptrZ 


ype 
mR ‘o- dhe de ‘NH,”. ‘O—CO c’ “NH,CH,-CO,H 
(I.) (IT.) (III.) 


Recently, Griinberg and Ptizyn (J. pr. Chem., 1933, 186, 143) re-investigated this 
reaction and reported the isolation of two compounds which they considered to be the 
required isomerides. Both substances were colourless and sparingly soluble in water, 
producing non-conducting solutions. The more soluble was described as crystallising in 
needles, and the other in plates. We have confirmed these experimental facts, but would 
describe the needles rather as prisms. Moreover, we find that these compounds are 
characterised by remarkable stability in aqueous solutions; hydrogen sulphide does not 
precipitate the platinum. This great stability is fully in accordance with the formule 
proposed. Nevertheless, the chemical proof put forward by Griinberg and Ptizyn to 
establish the cis-trans-isomerism does not appear to us to be convincing. Briefly, con- 
figuration (II) for the plates is based on the fact that, when warmed with hydrochloric 
acid, they yield a dichloride, which those authors contend must have the structure (III), 
since with ethylenediamine, [Pt en,]Cl, is formed. This was isolated as the plato-salt, 
[Pt en,}[PtCl,], by reaction with potassium chloroplatinite. 

We find that a dichloride of the composition PtCl,(NH,°CH,°CO,H), is actually pro- 
duced, but it is always accompanied by other substances. Nevertheless, these reactions 
do indicate that formula (II) is probable for the plates. Griinberg and Ptizyn’s evidence 
in favour of formula (I) for the so-called needles is, however, definitely inadequate : their 
needles were never isolated pure, being always contaminated with plates. Moreover, on 
treating these needles with hydrochloric acid, some ¢rans-dichloride (III) was always 
obtained, but no other dichloride. However, Griinberg and Ptizyn assume that the 
dichloride (IV) must be in solution, for on addition of ethylenediamine a compound is 
produced capable of isolation as the plato-salt [Pt en a oeey CO,H).)[PtCl,]. This 


CO,H-CHyNH,, Cl” Cl 
(IV.) aPtc >Pt¢ | (NHy‘CH,CO,H) (v) 
CO,H-CH,*NH, Cl Cl NH,*CH,°CO,H 


interpretation of the experimental results is not a necessary one. A plato-salt of this 
type may equally well be obtained from the analogue of the well-known Cossa’s salt (V) 
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with ethylenediamine. Moreover, (V) is obviously obtained from either (III) or (IV) by 
reaction with hydrochloric acid, and therefore from (I) and (II). Incidentally, we have 
obtained indirect experimental evidence that (V) exists in the yellow solution obtained 
from the reaction of the plates and hydrochloric acid. It will be seen, therefore, that 
the case for cis-érans-isomerism is not established beyond question. 

We have now, however, obtained the two isomerides of diglycineplatinum in a pure 
state and demonstrated that they will react directly with ethylenediamine. Without any 
assumptions, such as Griinberg and Ptizyn make, as to the constitution of intermediate 
substances, we have proved that the plates have the structure (II) and the prisms (I). 
That the plates are represented by (II), is confirmed by their reaction with ethylenedi- 
amine, which disrupts the principal valencies producing first (VI) and then (VII), and by 
the fact that addition of hydrochloric acid to (VII) gives [Pt en,]Cl,, readily isolated as 


( NHy"(CH,),"NH,. » JNHzCH,COO 
Pt [Pt eng](NH,°CH,°CO,), (VIL) 


(VI) . 
L OOC-CH,-NH,” “NH,*(CH,).*NH, 


the plato-salt [Pt en,][PtCl,]. Similarly structure (I) is confirmed for the prisms, for 
(VIII) is formed instead of (VI), and thence, by analogous reactions, the plato-salt (IX) ; 
no other structure explains these reactions. 


vin.) | | [Pt en (NH,°CH,°CO,H),][PtCl,] (1x.) 


CH,NH,~ “NH,-CH,-COO 

The establishment of c7s- and /rans-isomerism in the glycine derivatives of 4-covalent 
platinum adds a very interesting new type of compound to the series of planar structures. 
The association of a platinum atom with (a) four chlorine atoms, (d) four nitrogen atoms, 
(c) four sulphur atoms, (d) two sulphur atoms and two chlorine atoms has been shown to 
result in planar structures. Now, the association of two atoms of oxygen and two atoms 
of nitrogen has been proved to give a similar result. 

Palladium, like platinum, has been shown by X-ray methods to give planar configur- 
ations in certain of its 4-covalent compounds. In no case, however, has the cis- and 
trans-isomerism demanded by theory been established. This is due presumably to the 
instability of the cis-configuration when the associating units are not chelate groups. It 
appeared to us, therefore, that the establishment of cis- and ¢vans-isomerism would most 
probably be accomplished by use of an unsymmetrical chelate group such as glycine. 
This has proved to be the case, for we have succeeded in isolating two substances, 
Pd(NH,°CH,°CO,),, which are the required isomerides. 

When an aqueous solution of potassium chloropalladite reacts with glycine at room 
temperature a mixture of substances separates, viz., yellow prisms Pd[NH,*CH,°CO,},,3H,O 
and glistening, light-yellow, anhydrous plates. The trihydrate readily loses its water of 
crystallisation in air; after an hour there is appreciable loss, and the crystals are totally 
dehydrated after a few days. The slight possibility that the prisms might be a metastable 
form of the plates was easily disposed of by chemical and physical tests. Since the two 
substances crystallised together at room temperature and at 30°, and on keeping in water 
for ten days gave no indication of interconversion, the hypothesis of a metastable form 
is disposed of. A crucial chemical test was obtained by the reaction with thiourea; its 
addition to a suspension of the plates in water gave immediately a yellow precipitate of 
the composition, Pd{[NH,*CH,*CO,],,2CS(NH,)2, whereas the prisms, under identical con- 
ditions, gave at once a red solution from which a black precipitate separated consisting 
of various decomposition products. This test is a striking one and makes it certain that 
the substances are structurally different. Moreover, the prisms on dehydration give the 
same reaction as the hydrated product, showing that they have not changed to the struc- 
ture of the plates. An important fact about the plates and the prisms is that they are 
practically non-conducting in aqueous solution. This indicates that they have a co- 


~ CHy NH. ss /NHp'CH,'COO 
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ordinated structure like their platinum analogues. Neither of the palladium isomerides — 
is very soluble in cold water but they are more soluble than the corresponding platinum 
compounds. The solubility of the palladium derivatives increases rapidly with rise in 
temperature, but in boiling water decomposition takes place. There is evidence that the 
palladium isomerides are interconvertible by heating with water, unlike the diglycine 
compounds of platinum. Another point of interest is that hydrogen sulphide will pre- 
cipitate palladium from aqueous solutions of either compound. Hence the palladium 
derivatives have not the great stability of their platinum analogues. In addition, both 
palladium compounds react so readily with ammonia and with ethylenediamine that the 
simple tetrammines are formed immediately, and thus the convenient method which we 
used for establishing czs- and érans-isomerism in the platinum series is not available here. 
Fortunately, crystallographic and X-ray results bearing on these matters are available. 
Since the compounds are covalent, one cannot be the dimeric form of the other, because 
the required ring system would be very unstable. It is reasonable to conclude, therefore, 
that they are monomeric. The instability of the compounds in boiling water does not 
admit of molecular-weight determinations, and no organic solvent is available. 

The X-ray diagrams of the anhydrous plates and the anhydrous prisms prove definitely 
that these compounds are structurally different, thereby confirming the findings from the 
chemical test with thiourea. The plates of the palladium compound are isomorphous 
with those of the platinum derivative, and as this has a /vans-planar structure the palladium 
compound must be similarly constituted. The only possible structure for the prisms is 
one where the two nitrogen atoms and the two oxygen atoms are in cis-positions. It is 
not fully established that this is a planar structure. The possibility that it is a tetra- 
hedral structure is so remote, however, that it seems unnecessary to consider it as a serious 
alternative to the cis-planar structure. 


EXPERIMENTAL. 


trans-Diglycineplatinum.—An aqueous solution of glycine (4 g. in 40 ml.) was warmed with 
potassium chloroplatinite (4 g.) on a water-bath for about an hour. Colourless crystals separated 
from the hot solution, and on cooling a further crop was obtained; they were recrystallised 
from hot water (Found: Pt, 56-86. Calc. for PtCs,H,O,N,: Pt, 56-85%). The crystals are 
elongated, six-sided plates, the angles between the long edges and those at the end being 60° 
and 45° (+3°). They are frequently four-sided, showing an angle of 60°. The extinction 
direction is nearly parallel to the edge inclined at 45°, while an optic axis emerges at about 
45° to the normal, in a plane perpendicular to the direction of elongation. The optic axial 
angle appears to be large. The crystals are triclinic, or possibly monoclinic. An aqueous 
solution (v = 9266) gave p = 3-15 at 25°, showing that the substance is a non-electrolyte. 

cis-Diglycineplatinum.—The yellow filtrate from the foregoing preparation was concentrated. 
The crystals which separated were a mixture of various proportions of plates and prisms. This 
product was extracted with hot water (30 ml.), and the extract cooled. A crystalline product, 
mainly prisms, separated, but the mother-liquor on concentration yielded only prisms (Found : 
Pt, 56-77%). The crystals are elongated prisms, showing straight or slightly inclined extinc- 
tion. An X-ray photograph is reproduced (A). In aqueous solution (v = 1075) u = 2-63, 
showing that the substance is not ionised in solution. 

Reactions of the Isomerides with Ethylenediamine.—(a) cis-Diglycineplatinum was warmed 
for 4 minutes with aqueous ethylenediamine, the solution cooled, filtered, and just acidified 
with hydrochloric acid. The addition of potassium chloroplatinite produced a pink precipitate 
of ethylenediaminodiglycineplatinum chloroplatinite monohydrate (IX) (Found: Pt, 51-52, 51-12; 
N, 7-46. C,gH,.O,;N,Cl,Pt, requires Pt, 51-32; N, 7-37%). Prolonged heating of the cis- 
diglycineplatinum with aqueous ethylenediamine led to the complete replacement of the 
glycine; on acidification, [Pt en,]Cl, was formed, and identified as its violet plato-salt (Found : 
Pt, 59-35. Calc. for [Pt en,}[PtCl,]: Pt, 59-82%). 

(b) trans-Diglycineplatinum was warmed for 4 minutes with aqueous ethylenediamine, the | 
solution cooled and filtered, then just acidified with hydrochloric acid. Addition of potassium 
chloroplatinite gave the violet plato-salt [Pt en,][PtCl,] (Found: Pt, 59-0; N, 8-50. Calc.: 
Pt, 59-8; N, 858%). 

Reactions of Isomerides with Ammonia.—(a) cis-Diglycineplatinum was warmed with 





X-Ray powder photographs. 
A. cis-Diglycineplatinum. B. cis-Diglycinepalladium (anhydrous). C. trans-Diglycinepalladium. 


[To face p. 1014. 
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aqueous ammonia, and the solution treated as in the preceding preparation. Diamminodi- 
glycineplatinum chloroplatinite was obtained as a pink salt, which on drying over phosphoric 
oxide in a vacuum turned pale mauve, owing to loss of water. It rapidly rehydrated in the 
air (Found: Pt, 54-21. [Pt(NH,).(NH,*CH,*CO,H),][PtCi,] requires Pt, 54-47%). 

(b) trans-Diglycineplatinum was treated in the same manner. The Piaio-salt is a deeper 
pink than the preceding one, and on drying over phosphoric oxide in a vacuum it becomes 
deep mauve. Like the corresponding cis-compound, it is hygroscopic and rapidly becomes 
pink in the air (Found: Pt, 53-96%). 

Reactions of the Isomerides with Pyridine.—cis-Diglycineplatinum similarly gave with pyrid- 
ine a chamois-coloured pilaio-salt (Found: Pt, 44-93, [Pt(C;H,N),(NH,°CH,°CO,H),][PtCl,],H,O 
requires Pt, 45-45%). No plato-salt is precipitated when /rans-diglycineplatinum is similarly 
treated. 

Reactions of the Isomerides with Hydrochloric Acid.—(a) On heating trans-diglycineplatinum 
for 15 minutes with hydrochloric acid (6N) and then cooling, a yellow solid and a light yellow 
solution (S) were obtained. The former proved to be ¢rans-dichlorodiglycineplatinum, as stated 
by Griinberg and Ptizyn (loc. cit.) (Found: Pt, 46-92. Calc. for [PtCl,(NH,*CH,°CO,H),] : 
Pt, 46-89%) ; it had the properties ascribed to it by those authors. This product could not 
be recrystallised from water, as it was partially transformed thereby into trans-diglycine- 
platinum. The solution (S) yielded, in a vacuum over phosphoric oxide, an orange, hygro- 
scopic mass, which on analysis gave results suggesting a mixture. This opinion was confirmed 
by the isolation of two derivatives, viz., 

(i) (Pt(NH,),][PtCl,] and (ii) [Pt(NH,),(NH,*CH,-CO,H)][PtCl,] ; 
(i) was obtainerl by adding tetramminoplatinous chloride to a portion of solution (S) (Found : 
Pt, 64-4. Calc.: Pt, 65-00%); (ii) resulted when ammonia was warmed with solution (S), 
the liquid neutralised with hydrochloric acid, and potassium chloroplatinite added (Found : 
Pt, 59-4. C,H,,0O,N,Cl,Pt, requires Pt, 59-33%). This plato-salt is green-grey. 

(b) Treatment of cis-diglycineplatinum with hydrochloric acid under the same conditions 
did not afford dichlorodiglycineplatinum, and evaporation of the solution gave a hygroscopic 
glass which analysis indicated was a mixture. 

cis-Diglycinepalladium.—An aqueous solution of glycine (4 g.; 40 ml.) was mixed with 
potassium chloropalladite (4 g.) and kept for 2—3 days at room temperature. Yellow crystals 
separated from the red-brown solution (X), and were dried by pressing between filter-papers 
for 15 minutes [Found: Pd, 34-57; 34-54; N, 9-0; H,O, 16-9. Pd(NH,°CH,°CO,),,3H,O 
requires Pd, 34-56; N, 9-1; H,O, 17-5%]. On dehydration in air (see p. 1013) they became 
anhydrous [Found: Pd, 41-92; 41-85. Pd(NH,°CH,°CO,), requires Pd, 41-88%]. Dehydr- 
ation was also effected by alcohol or acetone or by warming with water above 40°. The hydrated 
crystals are elongated prisms and appear to be orthorhombic. The loss of water disrupts the 
structure almost completely, since, although the crystals retain their original form, X-ray 
photographs show that no appreciable orientation remains, The anhydrous substance is too 
finely divided to yield information by microscopic examination, but the X-ray powder photo- 
graph (B) shows that it is quite different in crystalline structure from the other palladium 
isomeride (C), The photographs also show that there is a similarity between this substance 
and the cis-diglycineplatinum (A), but the similarity is not close enough to prove definite 
isomorphism. The substance in aqueous solution gave u = 6-13 (v = 608). 

trans-Diglycinepalladium.—The red-brown solution (X) (see above) was kept for one week 
at room temperature, and afforded glistening yellow plates; these were dried by pressing 
between filter-papers for 15 minutes [Found : Pd, 41-76; 41-78; N, 10-84. Pd(NH,°CH,°CO,), 
requires Pd, 41-88; N, 10-99%]. The crystals are elongated six-sided or four-sided plates 
with the same form and optical properties as the trans-diglycineplatinum with which they are 
undoubtedly isomorphous. Presumably owing to different conditions of growth, the six-sided 
plates usually show an angle of 60° instead of 45°, and the tendency to elongation is not so 
marked as with the platinum compound. An X-ray photograph is reproduced (C). The 
plates are not ionised in aqueous solution: v = 861, uw = 4-45. 

When ammonium chloropalladite is substituted for the potassium salt in the preparation 
of the isomerides, the reaction is quite different. No prisms are obtained, but after some 
months a small yield of plates is produced. This is due to the solubility of the isomerides in 
ammonium chloride. 

Reaction of the Isomerides with Thiourea.—(a) cis-Diglycinepalladium, when shaken with a 
cold saturated aqueous solution of thiourea, gave immediately an intense red solution. After 
some minutes, a very finely divided black precipitate was formed, which analysis showed to 
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be a mixture (Found: Pd, 45-16, 43-50, 41-85, 39-44%). The result was independent of the 
proportion of thiourea used. 

(b) trans-Diglycinepalladium, treated in the preceding manner, gave immediately a yellow 
solution and a bright yellow precipitate of {Pd[(NH,),CS],(NH,°CH,°CO,),} (Found : Pd, 26-68. 
CgH,,0,N,5,Pd requires Pd, 26-23%). The substance always contained a little of the original 
diglycinepalladium. Attempts to recrystallise it resulted in complete decomposition. If 
Kurnakow’s rule (J. Russ. Phys. Chem. Soc., 1893, 25, 585) applies to palladium compounds, 
then the results obtained with thiourea confirm the trans-structure : he found that two mols, 
of thiourea became associated with the metal atom in ¢rans-isomerides of platinum, and four 
mols. in cis-isomerides. Possibly the instability of the product from cis-diglycinepalladium is 
due to the instability of the system [Pd,4CS(NH,).](NH,°CH,°CO,),. 


UNIVERSITY OF BIRMINGHAM, EDGBASTON. [Received, April 28th, 1934.] 





212. Phthalocyanines. Part I. A New Type of Synthetic Colouring 
Matters. 


By R. P. LINsTEAD. 


Tuls series of papers describes a new class of coloured organic compounds which comprises 
a parent substance, named phthalocyanine from its origin and deep blue colour, and a series 
of complex metallic derivatives which are of great beauty of appearance and unusual 
stability. The mode of formation and the reactions of these substances indicate that they 
are of a new structural type which may be exemplified by the formula (XIV) on p. 1035 of 
the parent substance.* The central ring of this formula has a striking resemblance to that 
of the natural porphyrins. 

The present paper is concerned with the discovery and preliminary investigation of the 
first member of the class. This is followed by a description of preparative methods and 
properties (Parts IT, III, and IV), molecular-weight determinations (Part V), and a general 
discussion of structure (Part VI). 

The first phthalocyanine was discovered by chance in 1928 during the course of the 
industrial production of phthalimide in the Grangemouth works of Messrs. Scottish Dyes, 
Ltd. The process consists in passing ammonia into molten phthalic anhydride in iron 
vessels and it was found that during certain preparations traces of a dark blue substance 
were formed in the molten imide. This material was stable, crystalline, and contained iron 
which was not eliminated by treatment with concentrated sulphuric acid.f As it appeared 
that the substance might prove of academic interest, its study was taken up in 1929 through 
the kindness of Professor J. F. Thorpe, F.R.S., and the Research Committee of the Dyestuffs 
Group of Imperial Chemical Industries, Ltd. 

This iron compound (crude iron phthalocyanine) was insoluble in the usual organic media 
and in water, dilute acids and alkalis. It could, therefore, easily be freed from simple 
impurities, but absolute purification was made difficult and it could not be determined 
whether the substance was a chemical individual or a mixture of compounds of a similar 
type. Preliminary experiments were carried out on the material purified as far as possible 
by suitable extraction. This product gave the mean analytical figures: C, 62-4; H, 2-9; 
N, 19-2; Fe, 12-6%, leaving a deficiency (? oxygen) of some 3%. No other elements could 
be detected. These values correspond to an atomic ratio of 4C : 1N, which indicates that 
two atoms of nitrogen are combined with a phthalic residue. 

Hot nitric acid or aqua regia decomposed the compound into phthalimide and the iron 
separated as ferric salt. The same fission could be effected by cold acid permanganate. 
Concentrated sulphuric acid at 100° yielded phthalic acid and phthalimide together with 


* This formula was arrived at on the basis of the chemical evidence described in Part VI (compare 
Brit. Assoc. Reports, 1933). An X-ray investigation by Dr. J. M. Robertson of the Royal Institution, 
which will shortly be published, has since confirmed the structures advanced in these papers. 

+ The preliminary examination of the iron compound was carried out by Messrs. S. W. Dunworth 
and H. A. E. Drescher of Scottish Dyes Ltd. 
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ferrous and ammonium sulphates. Distillation with soda-lime formed benzonitrile and 
ammonia. 

These results made it probable that the substance was formed by a process of dehydr- 
ation and amination of phthalimide, accompanied by fixation of metal, and that the mole- 
cule contained either an isoindole skeleton or a unit capable of yielding this skeleton with 
ease. 

EXPERIMENTAL. 

The iron pigment was a dark powder with a purple lustre; individual needle crystals could be 
observed. When rubbed on paper, it gave a Prussian-blue streak. It was insoluble in water and 
the usual organic solvents, but dissolved in hot aniline and its homologues to give intensely green 
solutions which contained complex additive compounds. It was very stable at high temper- 
atures, but just below a dull red heat it slowly burnt with a slight evolution of a green vapour, 
to leave first a pyrophoric residue of ferrous oxide and finally ferric oxide, 

The substance was unaffected by boiling concentrated hydrochloric acid. In cold concen- 
trated sulphuric acid it gave a brown solution which on being poured on ice yielded the ap- 
parently unchanged material as a Prussian-blue precipitate. The iron content of the substance 
always fell slightly on this treatment; the significance of this is not yet known. The solution in 
cold sulphuric acid was stable and yielded the colour on dilution after several days’ standing. 

A solution of 1 g. in 30 c.c. of concentrated sulphuric acid was warmed at 120° for a few 
minutes; the brown colour then faded. No blue precipitate was formed on dilution with ice, 
and addition of ammonia in excess precipitated ferrous hydroxide. The filtrate from this on 
evaporation left a residue, from which acetone extracted phthalic acid (0-5 g.), identified by con- 
version into the anhydride. Warm concentrated nitric acid or aqua regia rapidly dissolved the 
pigment to give a clear yellow liquid which showed the usual tests for ferric iron. Dilution of 
this with an equal bulk of water yielded phthalimide as a grey precipitate. After crystallisation, 
this was identified by its m. p. 230—231° (unchanged by admixture with authentic phthalimide, 
or by sublimation) and general properties. A further quantity was isolated from the mother- 
liquor. The iron pigment, suspended in 10% sulphuric acid, was treated with a 3% solution of 
potassium permanganate. Decoloration was rapid. The solution, after being left over-night, 
yielded phthalimide (m. p. and mixed m. p. 231°) on extraction with ether. 

The iron compound was unaffected by aqueous alkali and floated unchanged on molten 
potash. Alcoholic potash or sodium ethoxide yielded a greenish-blue solution, but only if there 
was free access of air. The colour disappeared when the solution was boiled under reflux and 
reappeared on removal of the condenser. Very little solid was dissolved and nothing definite 
could be isolated from the solution. On fusion with soda—lime the iron pigment evolved am- 
monia and, more reluctantly, benzonitrile, identified by hydrolysis to benzoic acid. 

The iron pigment was boiled with aniline, and the intensely green solution filtered and left 
over-night. The separated solid was washed rapidly with benzene and dried. For analysis, the 
crystals were powdered, again washed with benzene, and dried (Found: C, 72-7; H, 5:3; Fe, 
53%). The aniline compound forms prisms with a fine purple reflex giving a bright green 
powder. It gives a crystalline sublimate on being heated and is appreciably soluble in benzene. 
The carefully washed material gave a carbylamine reaction and yielded aniline sulphate with 
sulphuric acid. The combined base could be removed by trituration with concentrated hydro- 
chloric acid or by heating to 180°. The residue was a dark blue powder, insoluble in benzene and 
giving no carbylamine reaction. 


IMPERIAL COLLEGE, Lonpon, S.W. 7. [Received, May 22nd, 1934.] 





213. Phthalocyanines. Part II. The Preparation of Phthalocyanine 
and some Metallic Derivatives from o-Cyanobenzamide and 
Phthalimide. 

By G. T. Byrne, R. P. LINsTEAp, and A. R. Lowe. 


THE results reported in Part I (preceding paper) suggested the possibility of preparing the 
Iron pigment and similar substances by the action of metals on the dehydration products of 
phthalamide (I), namely, o-cyanobenzamide (II) and phthalonitrile (III). 





1018 Byrne, Linstead, and Lowe: Phthalocyanines. Part II. 


After a few comparative experiments, attention was concentrated on the cyanoamide. 
The dinitrile appeared to be less reactive, a fact attributed at the time to the absence of a 


CNH 


CO-NH N N 
CNS Cau, OR Ci 
44 


(I.) (I1.) (III.) (IV.) 


pseudo-acidic hydrogen atom available for the fixation of the metal. Subsequent work 
(Part III) showed this decision to have been premature. 

o-Cyanobenzamide reacted readily with many metals (p. 1021) at about 250° to 
yield strongly coloured substances of the same type as the original iron pigment. The real 
precursor of these complex compounds is iminophthalimidine (IV), a derivative of isoindole, 
which is readily formed by isomerisation of o-cyanobenzamide above its melting point 
(Braun and Tcherniac, Ber., 1907, 40, 2709; compare Posner, Ber., 1897, 30, 1693). The 
metals used in the preparation could often be replaced by their oxides, sulphides, or carbon- 
ates without affecting the nature of the product. The most promising results were obtained 
by the use of magnesium (metal or oxide), iron (metal, oxide, or sulphide), cobalt, nickel, 
and antimony. The reactions were exothermic and yielded phthalocyanines of the same 
general type, together with phthalimide and ammonia as by-products. The phthalo- 
cyanines resembled one another in their blue colour, insolubility, and stability, but differed 
in their reaction with concentrated sulphuric acid. 

The reaction between cyanobenzamide and magnesium (or its oxide) produced some 40% 
of a bright blue compound which after purification yielded a macrocrystalline magnesium 
phthalocyanine, CggHyO,N,Mg or (CgH,N.)4Mg,2H,O. A number of associated magnesium 
compounds have since been isolated (Part III), but this is the most stable form and has been 
repeatedly prepared by a number of different methods. The results of analysis leave no 
doubt as to the presence of oxygen in the molecule (p. 1023). 

Magnesium phthalocyanine bore a general resemblance to the original iron compound, 
but differed in its stability to acids. When its solution in cold concentrated sulphuric acid 
was poured on ice, a blue solid was obtained which contained no metal. The eliminated 
magnesium could be isolated nearly quantitatively from the solution. When special pre- 
cautions were taken (p. 1020), this substance separated from boiling quinoline in a crystalline 
condition. The crystals differed in form and translucency from those of the magnesium 
compound. The metal was also eliminated by the action of concentrated hydrochloric acid 
at 90°, but more slowly, presumably owing to the insolubility of the magnesium compound 
in this acid. 

The product of both these reactions is phthalocyanine, the parent substance of the group, 
which has since been obtained by a number of other methods. It possesses the peculiar 
stability and insolubility of the metallic derivatives. It has a greenish-blue colour and a 
beautiful purple reflex. The solution in sulphuric acid decomposes very slowly in the cold, 
rapidly on being heated. Nitric acid converts it into phthalimide and ammonium nitrate, 
and under controlled conditions approximately half the total nitrogen is eliminated as 
ammonium salt in this manner. Distillation with soda-lime yields benzonitrile and 
ammonia. There is thus a close resemblance with the original iron pigment. 

Free phthalocyanine can be reconverted into the magnesium compound by treatment 
with the pure metal in boiling quinoline or benzophenone. The product is indistinguishable 
from that obtained directly from cyanobenzamide. 

Analysis indicates that phthalocyanine has the formula C,.H,,.N, or (CgH,N,),Ho. 
There is no analytical deficiency corresponding to the presence of oxygen. Its structure and 
that of the magnesium compound are discussed in Part VI. Their preparation and inter- 
conversion may be expressed empirically as follows : 


(i) 4C,H,ON, + Mg = (C,H,N.),Mg + 4H,O 
(ii) (CgH,N3)4Mg + H,SO, = (CgH,N,),H, + MgSO, 
(iii) (CgH,Ny),H, + Mg = (CgH,N;),Mg + H, 
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[The water which is present in the molecule of the magnesium compound (see p. 1023) is 
neglected in these equations for the sake of simplicity.] 

The reaction between elementary antimony and o-cyanobenzamide is exceptional in that 
the coloured substance initially produced contains only a trace of metal. After crystallis- 
ation from quinoline, pure phthalocyanine is obtained, free from antimony. 

Iron, nickel, and cobalt, on the other hand, yield stable metallic phthalocyanines. The 
products contain combined metal which resists the action of cold concentrated sulphuric 
acid, the metallic complexes being reprecipitated on dilution of their solutions in the 
acid, The iron compound has not yet been obtained in a state of known homogeneity ; 
when freed as far as possible from organic impurities and casual metal, it bears a close 
resemblance to the iron pigment of Part I and gives similar analytical figures (Found: C, 
62-6; H, 3-0; N, 18-5; Fe, 11-1%). 

Preparation from Phthalimide.—The reaction between phthalimide, ammonia, and metals 
was next investigated in the light of the experience gained with o-cyanobenzamide. Here 
again magnesium was found to be the most convenient metal for the production of a 
substance of the desired type; only the metal itself, however, and not the oxide, was 
effective. The new process required a much more careful control of temperature than that 
utilising cyanobenzamide and gave only some 20° of magnesium phthalocyanine under the 
optimum conditions. The product was identical in every way with that obtained from the 
cyanoamide and yielded the same free phthalocyanine on treatment with sulphuric acid. 


EXPERIMENTAL. 


Phthalamide (Aschan, Ber., 1886, 19, 1399) was conveniently made in quantity by stirring 
phthalimide (2 kg.) for 24 hours with 6 1. of ammonia (d 0-880). The microcrystalline cake of the 
diamide was filtered off and dried at 100° [yield, 2 kg.; m. p. 220° (decomp.)] (Found: N, 
17-1. Cale.: N, 17-1%). 

Following the method of Braun and Tcherniac (Joc. cit.), a mixture of phthalamide (164 g.) 
and acetic anhydride (590 g.; nearly 6 mols.) was heated as rapidly as possible to the boiling 
point and boiled till clear (l hour). The almost pure cyanobenzamide which separated on cooling 
was washed with cold alcohol and dried at 100° (yield, 38%); m. p. 172°. The following process 
is less wasteful and gives a better yield, but the product is slightly contaminated with phthal- 
imide. The diamide (1 mol.) was boiled with a mixture of acetic acid (3 mols.) and anhydride 
(2 mols.) until clear (1 hour) ; the cooled solution deposited a 65% yield of crude cyanobenzamide, 
m. p. 168—171°. Higher proportions of acid, a smaller bulk of total liquid, and slower reaction 
all led to increased production of phthalimide. 

Magnesium Phthalocyanine.—The reaction of o- cyanobensamide with magnesium oxide is 
convenient for the preparation in quantity and over 300 g. of the magnesium compound have 
been prepared by its use. Naphthalene was the best of the diluents tried. There is little 
reaction below 230° and most of the preparations were carried out at 240—250°, but considerably 
higher temperatures have no obviously bad effects. The naphthalene slowly volatilises, but it is 
not advisable to allow it to escape completely, as the cooled mass is then very hard. Ina typical 
experiment, 40 g. of crude o-cyanobenzamide (prepared by the acetic acid—anhydride method and 
containing some phthalimide), 15 g. of naphthalene, and 10 g. of magnesium oxide were heated 
for 2 hours at 230—240° in an enamelled iron pot fitted with a short air reflux and heated by an 
oil-bath. The hard residue was powdered and extracted in a Soxhlet apparatus with hot acetone 
until free from naphthalene, phthalimide, and a small amount of a soluble green impurity. It 
was then freed from excess of magnesia with dilute acid, washed with water, and dried. Yield, 
18 g. of a blue solid. 

10 G. of pure o-cyanobenzamide were heated for 15 minutes at 230—240° with 2 g. of magnes- 
ium metal (pure turnings such as are used in the Grignard reaction were found most reactive). 
The melt was powdered, extracted successively with dilute caustic soda solution, 10% sulphuric 
acid (over-night),and hot water. After prolonged extraction with boiling alcohol, 4 g. of a bright 
blue solid remained. Magnesium carbonate gave results very similar to those obtained with the 
oxide. 

The compound dissolves in boiling quinoline (3°7 parts in 100) to yield a deep greenish-blue 
solution, which on cooling deposits blue needles with a purple lustre. The substance can also be 
crystallised from boiling pyridine and is slightly soluble (0-4%) in boiling naphthalene. (A 
conical aluminium funnel fitted with a specially turned detachable perforated disc of the same 
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metal was used for the filtration of boiling quinoline solutions, which tended to crack porcelain 
funnels. Ordinary dull aluminium has the advantage for this purpose that it does not appear to 
react with phthalocyanine.) 

Twice crystallised magnesium phthalocyanine contained C, 67-7; H, 3-7; N, 19-5; Mg, 4:3 
(Cy2H2O,N,Mg requires C, 67-1; H, 3-5; N, 19-6; Mg, 4-2%). The carbon and hydrogen 
figures were unaltered when the sample was mixed with potassium dichromate in the combustion 
boat. The analysis for magnesium was carried out by very slow ashing, sublimation (green 
vapour) being avoided as far as possible. The ash was pure magnesium oxide: two samples, 
corresponding to Mg 4-27 and 4-19%, were dissolved in hydrochloric acid, and the magnesium was 
twice precipitated as magnesium ammonium phosphate and weighed as pyrophosphate in the 
usual way (Found: Mg, 4-19, 4-19%). 

The magnesium compound (1 g.) was boiled with 32 c.c. of 30% nitric acid for 2 minutes. 
From the clear brown solution obtained, continuous extraction with ether (24 hours) removed 
0-35 g. of phthalimide slightly contaminated with phthalic acid. Other reactions of the magnes- 
ium compound are described in Part III. 

Phthalocyanine.—(i) From the magnesium compound. The following method was adopted after 
many trials. The magnesium compound, carefully freed from traces of metal or oxide, was 
slowly sifted in very small quantities into 10 times its weight of 96% sulphuric acid, stirred 
mechanically and kept at about — 3°. The solution was filtered through a coarse sintered-glass 
funnel, which was washed with more acid. The liquid was then slowly run on ice made from 
distilled water. The blue precipitate was collected, washed free from acid, and dried. In one 
series of experiments 25 g. of phthalocyanine were thus obtained from 42 g. of the magnesium 
derivative. Phthalimide could be isolated from the mother-liquors : fission to this compound is 
presumably caused by the local evolution of heat on liberation of the metal, for free phthalo- 
cyanine can be precipitated from its solution in sulphuric acid with little or no loss. If ordinary 
crushed ice is used for the precipitation, the phthalocyanine leaves an appreciable ash containing 
iron. 

The precipitated material, without crystallisation, contained C, 73-5; H, 3-2; N, 21-1%. 
Another sample which had been precipitated a second time contained C, 73-6; H, 3-6; N, 21-6%. 
After crystallisation from pure quinoline the material was obtained as lustrous needles (Found : 
C, 74-8; H, 3-6; N, 21-5; deficiency, 0-1. C,,H,,N, requires C, 74-7; H, 3-5; N, 21-8%). 

1-7 G. of the magnesium compound were heated on the steam-bath for 2 days with 100 c.c. 
of 10% hydrochloric acid. The blue solid was removed (1-45 g.), and ether extracted 0-2 g. 
of phthalic acid from the filtrate. The solid after crystallisation from quinoline left no ash on 
ignition (Found: C, 74-0; H, 3-7%). 

(ii) From o-cyanobenzamide and antimony. 40 G. of cyanobenzamide, 10 g. of powdered 
metallic antimony, and 20 g. of naphthalene were heated at 260° for 1 hour. The powdered pro- 
duct was extracted successively with boiling acetone, caustic soda solution, and hot water, until 
free from naphthalene and phthalimide. Yield, 11 g. of a lustrous purple powder. The bulk of 
the antimony was removed by repeated flotations in ethyl iodide, in which it sank. On ignition 
the pigment left 1% ofash. (The ashing of products prepared by the use of antimony was carried 
out after the material had been moistened with concentrated sulphuric acid.) The product dis- 
solved in quinoline much less readily than did the magnesium compound and the solution was 
slightly greener in shade. A-boiling saturated solution was filtered and allowed to cool very 
slowly during 48 hours in a Dewar flask, placed in an insulated furnace previously heated to 
about 230°. Beautiful long needles with a purple lustre were deposited, giving an ash of 0-4%. 
These were decomposed with warm nitric acid, the solution evaporated to dryness, and the 
residue dissolved in hydrochloric acid. No antimony sulphide was precipitated from this solu- 
tion by hydrogen sulphide. Further extractions of the residue with boiling quinoline yielded 
smaller crystals with a higher ash content (over 1%). The material of low ash content contained 
C, 73-4; H, 3-6; N,21-7%. The results suggest that a small amount of an antimony compound 
is present in the crude product. In subsequent preparations of phthalocyanine by this method 
the product was freed from naphthalene in the usual manner, and the pigment was then extracted 
from the excess of antimony with boiling quinoline in a specially constructed Soxhlet extractor 
of Pyrex glass fitted with an air reflux condenser, all connections being groundin. The extracted 
material was fractionally crystallised from quinoline. The purest material obtained contained 
C, 74-3;* H, 3-7;* N, 20-:9%.* The nitrogen analyses given above were determined by the 
Dumas method. It was subsequently found that accurate results could be obtained by both the 


* Asterisked analyses throughout these papers were made by Dr-Ing. A. Schoeller of Berlin. 





Byrne, Linstead, and Lowe: Phthalocyanines. Part II. 1021 


macro- and the micro-Kjeldahl method : the sample of phthalocyanine just referred to gave 
N, 21-6, 21-6% (C,.H,,N, requires C, 74-7; H, 3-5; N, 21-8%). 

The phthalocyanine obtained by both these processes is a bright, rather greenish-blue solid, 
with a strong purple lustre. Under the microscope the crystals appear as slender translucent 
needles, often fragmented, whereas the prismatic needles of the magnesium compound appear 
opaque. Phthalocyanine does not melt, but at 550° under reduced pressure * it sublimes 
without decomposition as a bluish-green vapour yielding lustrous needles. 

Apart from quinoline and its derivatives, the only organic substances which have been found 
to dissolve phthalocyanine appreciably at the boiling point are benzophenone, naphthalene, and 
alicyclic alcohols such as cyclohexanol and menthol, which yield blue solutions containing very 
little of the pigment; and aniline and its homologues, which give green solutions, presumably 
with compound formation. No crystallisation has been observed from these solutions. 

Reactions. Phthalocyanine was completely converted into its magnesium derivative by the 
following process: 3-8 g. of the substance (prepared by the antimony method) and 0-15 g. of 
magnesium turnings were heated in boiling benzophenone at 307° for 2 hours. The purified and 
recrystallised product contained Mg, 3-5%. After a further day’s boiling with more magnesium, 
and recrystallisation, the beautifully crystalline product contained C, 67-8; H, 3-6; Mg, 45%. 
A similar result was obtained starting with phthalocyanine prepared from the magnesium 
compound. 

From 3-45 g. of phthalocyanine, after treatment with concentrated sulphuric acid by the 
method used in the preparation, 3-3 g. of unchanged material were recovered. After such a 
solution had been heated, no colour was produced on dilution. 

Phthalocyanine (2 g.) was boiled with 20% nitric acid (30 c.c.) for about 15 minutes. The hot 
solution was filtered and, on cooling, deposited phthalimide, m. p. 232°, after recrystallisation 
from hot water (0-5 g.). The mother-liquor, on evaporation, yielded phthalic acid, identified as 
the anhydride. From the nitric acid solution, made alkaline, ammonia was immediately 
liberated. A weighed amount of phthalocyanine was boiled with the minimum amount of nitric 
acid necessary for decomposition, boiling being stopped as soon as a clear solution was obtained. 
The liquid was then extracted constantly with ether for 50 hours, the aqueous layer made alkal- 
ine, and the liberated ammonia estimated by the Kjeldahl method (Found: N, 8-0, 10-7, 8-5, 
8-7. Calc. for half of the total nitrogen present : N, 10-9%). A blank experiment with phthal- 
imide gave no ammonia under the same conditions. 

The resistance of phthalocyanine to alkali is remarkable. 4-2 G. of the pure compound were 
heated with soda-lime until the containing glass softened. A small amount of benzonitrile 
(identified by hydrolysis to benzoic acid) distilled over and ammonia was freely evolved. The 
residue, after being washed with ether, boiling dilute acid, and water, was bright blue, apparently 
unchanged, material (1-8 g.) containing only a trace of inorganic matter. 

Reaction of Other Metals with Cyanobenzamide.—The reaction with iron (metal, ferric oxide, 
or ferrous sulphide) was most conveniently carried out exactly as with magnesium at 240°. 
When the metal was used, the yield of lustrous purple pigment was 40—45%. This product has 
already been described (p. 1019). Very similar substances were obtained by the use of nickel and 
its oxide (NiO) or of cobalt oxide (Co,O,), and positive indications were given by the following 
reagents : chromium, bismuth oxide, manganese carbonate, cerium, manganese, tin, aluminium, 
stannous oxide, copper, cupric oxide, molybdenum, tungsten, calcium oxide, and antimony oxide. 
No definite evidence of the formation of a compound of the phthalocyanine type was obtained 
when the following substances were heated with o-cyanobenzamide ; aluminium oxide, titanium 
oxide, manganese dioxide, cadmium oxide, mercury and alkali metals or their derivatives. 

Reaction of Phthalimide and Magnesium.—Colour was produced when liquid phthalimide and 
magnesium were heated in a stream of ammonia at 250—280°, but not when phthalimide was 
sublimed over the metal in a stream of ammonia at 250°. Magnesium oxide gave no reaction, 
presuinably because its basicity prevented the fixation of ammonia. 

500 G. of phthalimide and 20 g. of magnesium were melted in a wide glass tube heated by an 
oil-bath. The internal temperature was kept at 240—250° and a vigorous stream of dry ammonia 
passed, the molten mass being stirred mechanically. A considerable quantity of phthalimide 
sublimed. After 8 hours’ heating, the viscous melt was cooled, broken up, and treated with a 
large bulk of 5% caustic soda solution, the vessel being steamed out to remove the last traces of 
pigment. The product was treated with hydrochloric acid to remove the excess of metal, 


* This temperature was measured by Mr. C. E. Dent in the course of attempted vapour-density 
determinations. 
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and extracted with boiling acetone in a Soxhlet apparatus, a small amount of a bright green sub- 
stance being removed and 80 g. of a blue powder remaining. On continuous extraction of the 
latter with boiling quinoline the pigment was dissolved, leaving rather less than 20% of a 
chocolate-brown impurity. 

Pure magnesium phthalocyanine was isolated in the usual way by careful crystallisation of 
the quinoline-soluble material. A sample which had been crystallised four times contained C, 
67-6; H, 3-6; N, 19-4%. 2G. of this, after treatment with sulphuric acid with the usual pre- 
cautions, yielded 1-4 g. of phthalocyanine with an ash content of 0-2% (Found: C, 73-3; H, 
3-6; N, micro-Kjeldahl, 21-1%). These substances had the general properties of those already 
mentioned. 

The chocolate-brown impurity contained magnesium and was formed in greater amount at 
temperatures above 250°, particularly with a deficiency of ammonia. In one preparation a 
violent exothermic reaction occurred between phthalimide and magnesium before ammonia had 
been admitted into the melt and a large amount of this material was formed. It dissolved in 
concentrated sulphuric acid with an intense crimson colour, and on dilution the original material 
was precipitated. The use of high-boiling diluents such as mineral oil, naphthalene, and ethy] 
phthalate in the phthalimide reaction led to exclusive formation of this substance, 
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214. Phthalocyanines. Part III. Preliminary Experiments on the 
Preparation of Phthalocyanines from Phthalonitrile. 


By R. P. Linsteap and A. R. Lowe. 


As has been indicated (Part II), o-phthalonitrile was not at first thoroughly investigated 
as a source of phthalocyanines because preliminary experiments with magnesium oxide, 
which yields a pigment with great facility when heated with o-cyanobenzamide, had 


shown no comparable reaction. Moreover, it was at first believed that the formation of 
pigment proceeded through the fixation of metal by an acidic hydrogen atom. 

In 1931, Heilbron and Irving directed our attention to the reaction between o-dibromo- 
benzene, cuprous cyanide, and pyridine, first studied by de Diesbach and van der Weid 
(Helv. Chim. Acta, 1927, 10, 886), who formulated the intensely blue, insoluble product as 
a complex pyridine salt, [C,H,(CN).,C;H;N],Cu. The same substance was also formed 
from phthalonitrile, cuprous bromide, and pyridine, and Heilbron and Irving suggested 
that it might in reality be a copper phthalocyanine. Furthermore, they showed that 
sodamide reacted with phthalonitrile in quinoline at 150° to yield some 15% of a substance 
resembling metal-free phthalocyanine in properties. We are greatly indebted to Professor 
Heilbron for communicating these facts to us. 

We find that many metals and metallic derivatives react with phthalonitrile to yield 
compounds of the phthalocyanine type. The reaction is generally more ready with the 
nitrile than with o-cyanobenzamide, but magnesium oxide and antimony are exceptions 
in this respect. In the most favourable cases the reaction proceeds with considerable 
evolution of heat: it may become uncontrollable when large quantities of reagents are 
used. The temperature necessary to start the reaction varies from 135° to the boiling 
point of the nitrile (294°) according to the nature of the metal and its availability (see 
p. 1027). A general examination of the capacity of metals for combination with phthalo- 
nitrile is in progress, but the results of preliminary work may be classified as follows : 

(A) The following react readily: Sodium, sodium amyloxide; magnesium; copper, 
cuprous chloride, cupric chloride; ferric chloride; nickel, nickel chloride. 

(B) The following react less readily or give poorer yields : Sodamide, sodium methoxide, 
sodium ethoxide, sodium cyclohexyloxide; potassium amyloxide; calcium amyloxide ; 
magnesium oxide; antimony; cuprous and cupric oxides, cupric acetate. 

(C) The following do not appear to react : Sodium hydroxide, sodium phenoxide, sodium 
chloride, potassium hydroxide; magnesium chloride; antimony chlorides; phosphorus 
chlorides ; manganese and its salts; iodine. 
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The reactions which were studied in more detail are described below. 

Copper. The product of the reaction between cuprous chloride, phthalonitrile, and 
pyridine resembled that isolated by de Diesbach and van der Weid, but yielded no pyridine 
on fusion with alkali, and could indeed be more easily prepared from the nitrile and 
cuprous chloride in the absence of this base. It cannot, therefore, have the structure 
assigned to it by these workers and is in fact crude copper phthalocyanine. The copper 
compounds presented many features of interest and were made the subject of a separate 
study by Mr. C. E. Dent (Part IV). 

Magnesium. The pure metal reacted only slowly below the boiling point of the nitrile. 
The product was magnesium phthalocyanine identical with that already prepared. It 
yielded the same free phthalocyanine on treatment with sulphuric acid. The yields of 
the magnesium pigment were variable and there was an indication of the formation of a 
by-product (p. 1025). 

Forms of Magnesium Phthalocyanine.—This compound has been prepared by the action 
of magnesium on (i) phthalimide and ammonia, (ii) o-cyanobenzamide, (iii) phthalonitrile, 
and (iv) phthalocyanine. The products of the four reactions, after being exhaustively 
extracted with organic solvents and crystallised from quinoline, are of constant com- 
position (the percentages tabulated below were found each for a different preparation) : 


Magnesium phthalocyanine (dihydrate). 
.. H N.t Mg. 
From phthalimide 67:3, 67°8, 67°7 * 


3°4, 3:7 * 19°5 
19-4 


3°7, 
3°7, — . 
phthalonitrile 67°3, 67°1, 67°7 * 3°7, 3°7, 3°6 * 19°5 , 
phthalocyanine 36 P 
Calc. for C;,H,,.N,Mg,2H,O i , 19°6 4: 
” ” C3,H,,.N,Mg,H,O és P 20°2 4° 
” setli¢ gigs 5 is 20°9 4: 

* Schoeller. ¢t Kjeldahl method. 


The most carefully purified samples gave the figures in best agreement with the 
dihydrate formula. Two atoms of oxygen are therefore present in the molecule for each 
atom of magnesium. They must be very loosely held, because the compound readily 
yields oxygen-free phthalocyanine and is easily formed from this and from phthalonitrile. 
The most reasonable ways in which they can be combined are as water, taken up from the 
aqueous solvents during purification, or as oxygen, taken up from the air during the 
preparation. That the oxygen is present as water is proved by the following facts : 

(i) No oxygen is liberated when the magnesium compound is converted by sulphuric 
acid into phthalocyanine, neither is a persulphuric acid formed. 

(ii) The quantitative oxidation of the magnesium compound with ceric sulphate 
(p. 1036) proves that there is no oxygen available for oxidation in the molecule. 

(iii) When magnesium phthalocyanine is heated, as, for example, by boiling a sus- 
pension in decalin, water is slowly eliminated. It is difficult to obtain a completely 
anhydrous compound, (C,H,N,),Mg, as there is a tendency for gross decomposition of the 
complex. On one occasion a sample was obtained which gave analytical figures corre- 
sponding closely to those required for anhydrous magnesium phthalocyanine, but usually 
only partly dehydrated products were obtained even after prolonged heating. 

This partly dehydrated magnesium compound was less stable than the original 
dihydrate. It was considerably more soluble in boiling quinoline and pyridine than all 
other phthalocyanines, and from these solutions it separated with base of crystallisation 
(B) as a complex of the general composition (CgH,N,),Mg,H,O,B. The heterocyclic base 
was readily eliminated by heating the complex or by treating it with dilute acid, the 
dihydrate being regenerated. The dehydrated substances present an instructive contrast 
with the stable dihydrate, which shows no tendency to take up quinoline on crystallisation, 
and it would appear that the unit (CgH,N,),Mg shows a general tendency to co-ordinate 
with two, but not more than two, “ solvent ”’ molecules. 

The view that water is present in ordinary magnesium phthalocyanine finds additional 


5, 4° 

cyanobenzamide 67°7, 67:7 * 7, 3°7 * 3,4 
1, 4 
5 
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support in the results of special preparative experiments. The preparation from phthalo- 
nitrile and magnesium was first carried out in an atmosphere of nitrogen, the excess of 
metal removed with dilute acid in the usual way, and the product finally crystallised 
from quinoline in an atmosphere of nitrogen (in other words, the compound was allowed 
to take up water but no oxygen): the product was the ordinary magnesium compound 
(the dihydrate). In a second experiment, the reverse conditions obtained; free access of 
air was permitted, but the washing with dilute acid was omitted: the product was 
unstable and absorbed quinoline during the crystallisation. Another sample of crude 
magnesium phthalocyanine was purified in two ways. A portion was treated with dilute 
acid and crystallised from quinoline; this gave the dihydrate. The remainder was 
crystallised from quinoline direct and gave a complex containing the base. 

Alkali Metals—During experiments on the direct reduction of phthalonitrile to 
phthalocyanine, it was noticed that a solution of sodium amyloxide in amyl alcohol 
reacted rapidly with the nitrile at 140° to give, ultimately, a product containing a small 
amount of sodium (ca. 1%) which could be eliminated by acid. The yield is good and the 
process constitutes a convenient method for the laboratory preparation of phthalocyanine. 
It appears to be immaterial whether the sodium amyloxide is pre-formed or whether the 
metal is added to a solution of the nitrile in amy] alcohol. 

Potassium reacted similarly to sodium but less readily. The product contained a small 
amount of metal, which was removed by sulphuric acid to yield free phthalocyanine. 
The reaction with calcium appeared to yield a product intermediate in properties between 
that from magnesium and those from the alkali metals; zinc chloride reacted in the same 
manner as cupric chloride. The investigation of these reactions and those with other 
metals is being continued. 

Mechanism of the Formation of the Phthalocyanines.—No intermediate products have 
been isolated during the formation of phthalocyanines from phthalonitrile or cyanobenz- 
amide and the mechanism of the reactions is only partly understood. The combination 
of phthalonitrile and copper and similar reactions appear to be simple additions, but when 
cyanobenzamide is used dehydration must also occur and some at least of the water is 
used up in the hydrolysis of the cyanoamide into phthalimide and ammonia. Alkalis such 
as sodium amyloxide do not produce phthalocyanines from cyanobenzamide, because the 
amide group is rapidly hydrolysed. On the other hand, magnesium oxide reacts only 
very slowly with phthalonitrile (because of the difficulty of breaking the metal-oxygen 
link), but readily produces magnesium phthalocyanine from cyanobenzamide. It is 
probable that in this case preliminary salt formation occurs with the cyanoamide. The 
formation of free phthalocyanine from phthalonitrile and sodium amyloxide and similar 
reagents probably occurs through the preliminary production of a sodium phthalocyanine. 
This must be accompanied by the oxidation of some organic material—( ?) of amy] alcohol 
to valeric acid. The manner in which antimony produces phthalocyanine from cyano- 
benzamide is obscure and we have not yet observed the formation of the metal-free 
compound in the complete absence of mineral matter. 


EXPERIMENTAL. 


Phthalonitrile prepared by prolonged boiling of phthalamide with an excess of acetic 
anhydride is contaminated with phthalimide and other products (Braun and Tcherniac, Joc. 
cit.), The conditions necessary for obtaining it in consistently good yields are not yet known. 
In the most successful preparation, 330 g. of the pure diamide were boiled vigorously under 
reflux for 5 hours with 1140 c.c. of acetic anhydride. The bulk of the acetic acid and anhydride 
was neutralised while hot with aqueous caustic alkali, and the solution was made alkaline 
when cold. The nitrile was washed with water, dried (235 g.), and distilled under reduced 
pressure from a flask with a wide-mouthed receiver sealed to the neck, a tube leading to the 
pump being sealed to the receiving flask. This apparatus prevented choking by solidification 
of the distilled nitrile. The distillate (190 g.) had m. p. 136—137°, and 141° after one crystal- 
lisation from benzene. 

Reaction with Magnesium.—Dry recrystallised phthalonitrile (m. p. 141°), pure magnesium 
turnings (Grignard), and carefully dried solvents were used in the following typical experiments. 
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(i) 32 G. of the nitrile were boiled with 2 g. of magnesium for 5 hours. The unchanged 
nitrile was extracted with benzene, and the residue washed with hydrochloric acid, water, 
alcohol, and ether (yield, 12-6 g.). After being dried at 100° for 15 hours, 10 g. were boiled 
with 150 c.c. of quinoiine; the solution, filtered from 4-5 g. of undissolved pigment and allowed 
to crystallise over phosphoric oxide in a desiccator, deposited the pure dihydrate (Found: C, 
67:25; H, 3-7%). 

(ii) Asin (i). Benzene extracted 25 g. of nitrile and left 5 g. of pigment. This was boiled 
with concentrated hydrochloric acid for 5 minutes and crystallised twice from pyridine [Found : 
(once crystallised) C, 67-8; H, 3-7; (twice crystallised) C, 67-1; H, 3-7; N, 19-5; Mg, 4:1%]. 

(iii) A suitably fitted flask containing 23 g. of the nitrile and 1-5 g. of magnesium was 
evacuated and filled with nitrogen, the operation being repeated twice. The mixture was then 
boiled for 6 hours and cooled in a current of the gas. Excess of nitrile (19 g.) was removed 
with benzene, and excess of metal with dilute acid. The pigment (3-5 g.) was finally crystallised 
from quinoline in an atmosphere of nitrogen in a special apparatus which permitted the com- 
plete exclusion of air during dissolution, filtration, and crystallisation. The crystals contained 
C, 67-3; H, 3-7; Mg, 4:0%. 

(iv) Exactly as in (i). Time of boiling, } hour. The product was extracted with boiling 
benzene and crystallised from quinoline without preliminary extraction with hydrochloric 
acid. The product (Found: C, 69-8; H, 3-4; Mg, 40%) contained quinoline, which was 
evolved on gentle warming. 

(v) The nitrile (30 g.) was boiled with 2-5 g. of magnesium for 4 hours in a flask fitted with 
a calcium chloride tube. Boiling benzene removed 10 g. of unchanged nitrile. The residue 
(22 g.) of pigment and metal was divided into two parts: one part contained quinoline after 
crystallisation from dry quinoline (Found: C, 71:0; H, 3-9; N, 18-5, 18-5; Mg, 3-75%); the 
other part was treated with dilute acid, boiled with water, dried, and crystallised from quinoline 
(Found : C, 67-95; H, 3-7%). 

(vi) (Formation of by-product). 95-6 G. of the nitrile and 4 g. of magnesium were boiled 
for 4 hours. During the last 30 minutes the mixture became almost solid. The product was 
washed with alcohol and hydrochloric acid and extracted with acetone (Soxhlet). The residue 
(80 g.) was much duller than previous products, owing to the presence of a polymeride of phthalo- 
nitrile, which was removed by prolonged extraction with acetic acid (Soxhlet) and crystallised 
from this solvent in straw-coloured needles, m. p. 296° [Found: C, 75-0*; H, 3-1*; N, 21-3; 
ash, 1-1. (C,H,N,), requires C, 75-0; H, 3-1; N, 21-9%]. This substance gave a yellow 
solution in sulphuric acid, yielded no ammonia when boiled with caustic soda, and gave no 
phthalocyanine pigment when heated alone or with sodium amyloxide or with fresh magnesium 
metal. It is therefore undoubtedly a by-product and not an intermediate in the formation of 
the phthalocyanine. The residue (67 g.) after the removal of this substance had the usual 
bright blue colour of magnesium phthalocyanine. 

Conversion into Phthalocyanine.—The magnesium compound prepared from the nitrile was 
treated with sulphuric acid in the manner already described. The product after careful 
removal of the acid was crystallised from quinoline [Found: C, 74-6; H, 3-6. Calc. for 
(CgH,N,),H,: C, 74:7; H, 3-5%). 

Action of Heat on Magnesium Phthalocyanine (Dihydraie *).—Analytically pure material 
was used for the typical experiments desoribed below. 

(1) A sample was heated at 116° for 358 hours [Found : loss, 3-2. Calc. for loss of 1H,O, 
315%. Found inthe residue : C, 68-2; H, 3-7; N, 20-2; Mg,4-2. Calc. for (CgH,N,),Mg,H,O: 
C, 69-3; H, 3-3; N, 20-2; Mg, 4.4%] (Sample I). 

(2) 2 G. of the magnesium compound were suspended in 200 c.c. of sodium-dried decalin, 
which was slowly distilled at 180°, a constant level of liquid being maintained by addition 
from a dropping-funnel; 460 c.c. of decalin were distilled during 25 hours. The residue was 
washed with light petroleum and dried in an oven (} hour) and in a vacuum desiccator (Found : 
C, 68-4; H, 3-6%). 

(3) 22-5 G. were heated as before for 20 hours in boiling decalin (original volume, 160 c.c. ; 
total distillate, 775 c.c.). The distillate, particularly at first, coloured anhydrous copper 
sulphate, unlike the original decalin (Found in the residue: C, 71-1; H, 3-5; N, 20-8; Mg, 
4-3%). 

* The presence of water in this compound was first suspected from the fact that during estimations 
of carbon and hydrogen water collected at the end of the combustion tube almost immediately after 
the substance was first heated and well before any actual burning could be observed. 
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Magnesium Compounds containing a Base [compare also preparations (iv) and (v) above].— 
(a) Partly dehydrated magnesium phthalocyanine (sample I above) was crystallised from dry 
quinoline, dissolution and crystallisation being unusually easy (Found: C, 72-2; H, 3-7; N, 
18-6; Mg, 3-5%). 

(b) A partly dehydrated product (2) prepared by the decalin method (Found: C, 70-2; H, 
3-5; N, 19-5; Mg, 4:5%) was unaffected by boiling benzene, the extract containing neither 
phthalimide nor phthalonitrile. This shows that there was no gross decomposition during 
the dehydration. 10 G. of this product were crystallised from 100 c.c. of redistilled dry 
quinoline. There was a gain in total weight; 5-9 g. remained undissolved and 5-0 g. (carefully 
washed and dried) crystallised from the filtrate. The undissolved portion was dissolved in 
the boiling mother-liquor; 5-5 g. crystallised on cooling. The united crystals were recrystal- 
lised twice from boiling quinoline and the product was freed from adhering base by extraction 
of the finely ground material with hot light petroleum for 7 hours (Soxhlet). The sample was 
analysed after being left for some time in a vacuum at room temperature. It tended to lose 
quinoline in the steam-oven {Found : C, 71:8*; H, 4:0*; N, 18-6; Mg, 3-3; compare the 
product from (a) above. The magnesium compound containing one molecule of quinoline and 
one molecule of water “‘ of crystallisation,” i.e., [((CgH,N.),Mg,H,O,C,H,N], requires C, 72-0; 
H, 3-9; N, 18-5; Mg, 3-5%}. 

(c) 2 G. of sample (2) were boiled with dry pyridine (50 c.c.), and the filtered solution allowed 
to crystallise. The crystals were washed with ether, extracted for 22 hours with light petroleum, 
and freed from petroleum in a vacuum desiccator (yield, 1-8 g.) [Found: C, 69-4*; H, 3-8*; 
N, 19-7; Mg, 4:0. (C,H,N,),Mg,H,O,C,H,;N requires C, 70-2; H, 3-6; N, 19-9; Mg, 3-8%]. 

Both the quinoline and the pyridine compound resemble the ordinary dihydrate in general 
appearance, but show an even stronger purple lustre in the crystalline form. They are more 
soluble in the respective bases than is the dihydrate. When the solids are gently warmed, 
the base is eliminated. For instance, the quinoline compound prepared in experiment (bd) 
above was heated for 4 hours at 140°; the loss in weight corresponded to the elimination of 
two-thirds of the theoretical amount of quinoline. The expelled quinoline was identified as 
the dichromate. 

Reaction with Sodium.—(1) Phthalonitrile (1 g.-mol.), either alone or as a saturated solution 
in amyl alcohol, was added to sodium (1 g.-atom) dissolved in the minimum quantity of boiling 
amyl alcohol. An immediate yellow colour formed, which rapidly changed to an intense 
green when the solution was boiled. On continued boiling, the solution darkened and the 
walls of the flask became coated with a lustrous film of phthalocyanine. After 1 hour at 
135—140° the mixture was diluted with alcohol and the liquid was filtered. The residue was 
boiled several times with more alcohol to remove a brown impurity and was finally washed 
with dilute acid and boiling water. The lustrous powder obtained left about 1% of ash on 
ignition. After careful dissolution in sulphuric acid and reprecipitation with ice in the manner 
described for the magnesium compound, pure phthalocyanine was obtained free from mineral 
matter. The yield varied from 50 to 75%; too prolonged boiling produced more of the brown 
impurity. The material had the properties of phthalocyanine and crystallised from quinoline 
in bronze needles which appeared translucent and blue under a microscope [Found : C, 74-5; 
H, 3-8; N, 21-5. Calc. for (CgH,N,),H,: C, 74:7; H, 3-5; N, 21-8%]. 

(2) 0-2 G. of sodium was added to a boiling selution of phthalonitrile (10 g.) in amyl 
alcohol (10 c.c.). The mixture was boiled for } hour and worked up as before. The yield 
was variable (40—50%). The product after treatment with sulphuric acid gave a good yield 
of phthalocyanine. A similar experiment with 2 g. of sodium yielded 8 g. of product, 6-9 g. of 
which with sulphuric acid gave 5-3 g. of phthalocyanine. 

(3) Sodium (1 g.) was dropped in small portions into the molten nitrile (10 g.) at 150°, a 
semi-solid mass being obtained. The mixture was cooled, treated with 100 c.c. of ethyl alcohol, 
boiled, and filtered, and the residue washed thoroughly with alcohol to remove the brown 
impurity. Yield, 4 g. of a blue solid. 

(4) To 10 g. of phthalonitrile, dissolved in 30 c.c. of boiling amyl alcohol, 3-5 g. of sodamide 
were added in small portions. The heat of reaction was sufficient to keep the alcohol boiling. 
The mixture after the usual treatment yielded 3-3 g. of crude phthalocyanine. 

(5) Phthalonitrile (5 g.) was added to 0-2 g. of sodium in 20 c.c. of absolute alcohol. A 
yellow colour developed, but there was no formation of phthalocyanine after 20 minutes’ 
boiling. The alcohol was removed; the residue, when “ baked ” at about 200° with a free 
flame, rapidly developed the colour of phthalocyanine. When the mass had become hard, it 
was worked up in the usual way and yielded 3 g. of crude phthalocyanine. 
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Sodium methoxide reacted similarly to the ethoxide. A solution of sodium in boiling 
cyclohexanol gave a poor yield of phthalocyanine, and sodium phenoxide gave only resinous 
products. 

Reaction with Other Metals.—(1) Potassium (0-5 g.) was dissolved in amyl alcohol (30 c.c.) 
and 10 g. of phthalonitrile were added to the cold solution. The solution became bright green 
when warmed, but after a few minutes’ boiling the colour changed to a dirty brown. After 
30 minutes’ boiling, the mixture was worked up in the manner described for the reaction with 
sodium amyloxide, 6-5 g. of a dull-looking pigment being obtained which left a slight ash 
containing potassium. 5 G. of this material after the sulphuric acid treatment gave 1-7 g. of 
phthalocyanine free from mineral matter. 

(2) A mixture of calcium turnings (0-5 g.), amyl alcohol (30 c.c.), and phthalonitrile (10 g.) 
was boiled under reflux for 5 hours. The development of colour was slow. Worked up in the 
usual manner, the product yielded 2-2 g. of impure calcium phthalocyanine as a dark blue, 
lustrous powder (Found: Ca, 4:7%). 2 G. of this on treatment with sulphuric acid gave 
1:8 g. of calcium-free phthalocyanine. 

(3) Phthalonitrile (20 g.) was gently refluxed over a stick of zinc chloride (10 g.) suspended 
from the neck of the flask by a spiral of platinum wire. An intense green colour formed 
instantaneously as the fused zinc chloride dripped into the nitrile. After 30 minutes, the 
semi-solid mass was extracted with boiling alcohol and boiling water. 14-5 G. of a dark blue 
powder were obtained which contained chlorine and 10-2% of zinc. The metal was not 
eliminated by treatment with sulphuric acid. 
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215. Phthalocyanines. Part IV. Copper Phthalocyanines. 
By C. E. Dent and R. P. LINsTEaD. 


PHTHALONITRILE combines readily at high temperatures with metallic copper and many of 
its compounds to yield phthalocyanines. The reaction with the metal begins at 190°, and 
proceeds vigorously at 210° with evolution of heat to give copper phthalocyanine in excellent 
yield as a bright blue compound with a purple lustre. There is no apparent side reaction 
and the uncombined nitrile may be recovered. The reagents are used up in the ratio of 
l atom of metal to 4 molecules of nitrile, in agreement with which the product gives analyses 
corresponding to (C,H,N,),Cu. 

The tendency to form this compound is great and the readiness with which the various 
compounds of copper react appears to be determined by the ease with which they can 
supply the metal. This is clearly illustrated by the reaction between phthalonitrile and the 
two chlorides of copper. When cuprous chloride (1 equivalent of CuCl) and 4 molecules of 
the nitrile were heated together without special precautions, a copper phthalocyanine was 
obtained which contained chlorine. To determine the fate of the chlorine, the reaction was 
repeated under carefully controlled conditions in a stream of nitrogen, the issuing gas being 
passed through silver nitrate solution. Pigment formation commenced at 150°, but hydro- 
gen chloride was not eliminated below 200°. Much heat was then evolved and hydrogen 
chloride came off in quantity. The pigment formed contained chlorine but the uncombined 
phthalonitrile did not, and the recovered copper chloride was mainly in the cupric state. 
The quantities of the products and their content of chlorine and copper suggested that the 
reaction was a combination of the two processes : 


(A) at 150—180°: 4C,H,N, + Cu,Cl, = (C,H,N;),Cu + CuCl, 
(B) above 200°: 4C,H,N, + CuCl, = (C,H,N,),Cu(CgH,N,Cl) + HCI. 


This was proved to be correct by the experimental realisation of the two isolated 
reactions (A) and (B). Cuprous chloride combined smoothly with phthalonitrile at about 
170° in the ratio 2CuCl : 4C,H,N, and one half of the copper remained behind as cupric 
chloride. The pigment formed was copper phthalocyanine, practically free from chlorine 
and identical with that prepared from metallic copper. Cupric chloride reacted only above 
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200° with the evolution of one half of the chlorine as hydrogen chloride and the formation 
of copper monochlorophthalocyanine, Cy.H,5N gClCu. 

In the second process the chlorine undoubtedly enters one of the benzene nuclei in the 
phthalocyanine complex and cannot be removed without complete disruption of the mole- 
cule. Fission with nitric acid yields a mixture of phthalimide and a chlorophthalimide but 
no chloride ion, showing the independence of the chlorine from the copper. The chlorine is 
probably in the 4-position. 

The readiness with which cuprous chloride combines with phthalonitrile is due without 
doubt to the ease with which it can supply metallic copper, whereas the only way in which 
cupric chloride can act as a source of copper is by losing chlorine simultaneously. It is a 

_clear indication of the great tendency for the formation of the phthalocyanine complex that 
so unlikely a reaction as nuclear halogenation should take place in this way. The almost 
explosively exothermic nature of the reaction also illustrates the tendency for the production 
of the phthalocyanine. 

The formation of copper phthalocyanine from copper oxides, acetate, sulphide, and 
sulphate does not call for special comment, but it is worthy of note that copper sulphide 
appeared to provide copper for the reaction by liberating sulphur, there being no nuclear sub- 
stitution. Similarly, the use of the sulphate did not give any nuclear sulphonation. None 
of these substances was as satisfactory in practice as the metal or the chlorides. 

The relationship between copper phthalocyanine and the other members of the group, 
which is indicated by their general resemblance in physical properties and mode of form- 
ation, is proved by the following facts : (1) Free phthalocyanine, when heated with metallic 
copper in boiling quinoline, yields a copper compound identical with that prepared from 
phthalonitrile. (2) Nitric acid decomposes copper phthalocyanine to give phthalimide in 
good yield, together with copper and ammonium nitrates. (3) A similar decomposition is 
effected by dilute acid permanganate. 

Copper phthalocyanine is even more stable than the other compounds of this series and 
in this respect must be classed among the most remarkable of organic compounds. It 
resists the action of molten potash and of boiling hydrochloric acid. It dissolves in concen- 
trated sulphuric acid and is precipitated unchanged and in almost quantitative amount 
by dilution with water. It is exceptionally resistant to heat and at about 580° it may be 
sublimed at low pressure in an atmosphere of nitrogen or carbon dioxide. The sublimate 
is beautifully crystalline and analytically pure. The substance also sublimes with some 
decomposition in air at atmospheric pressure. It is an indication of the remarkable nature 
of the compound that an apparatus of hard glass or silica is necessary for these operations. 
In contrast with this, the monochloro-copper compound cannot be sublimed, but is decom- 
posed with the evolution of hydrogen chloride. This supports the formula assigned to the 
substance and renders it improbable that it is an inseparable mixture of one part of a fully 
chlorinated copper phthalocyanine with three parts of unsubstituted copper phthalocyanine. 


EXPERIMENTAL. 


Preparation of Copper Phthalocyanine from Phthalonitrile and Copper.—A mixture of the 
nitrile (4 g.-mols.) and copper-bronze (1 g.-atom) was heated (oil-bath) with stirring in a wide 
glass tube. A green colour first formed at 190°, the mass became pasty at 220° and was too stiff 
to be stirred at 270° (10 minutes). At a bath temperature of about 220°, the internal temper- 
ature began to mount rapidly and at times exceeded that of the bath by 45°. The mass was 
left for another 5 minutes in the bath, cooled slightly, and ground with alcohol. The finely 
powdered product was repeatedly boiled with alcohol until the washings were colourless and 
contained no phthalonitrile; it was then dried. Yield, 75—90% of the weight of nitrile. The 
product still contained uncombined copper-bronze, which could be removed by means of sul- 
phuric acid. 

The finely ground pigment (w g.) was dusted into concentrated sulphuric acid (10w g.) at 
room temperature with mechanical stirring. After an hour, the solution was filtered through 
sintered glass, the funnel washed with more acid, and the filtrate and washings poured in a thin 
stream with thorough stirring on ice (100w g.). The flocculent blue precipitate was allowed 
to coalesce for 2—3 hours, collected, washed with boiling water (about 100w g.), drained (pump), 
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boiled with alcohol, and dried at 100°, 90—95% of the original crude pigment being recovered 
(Sample I). The solution in sulphuric acid was stable; a sample kept for 2 days at room tem- 
perature gave a 92% recovery of copper phthalocyanine. 

The reaction between the nitrile and copper also proceeded well in boiling quinoline or «- 
methylnaphthalene. The pigment was precipitated as fast as formed as a crystalline product 
with a beautiful reflex. It could be separated from the excess of copper by shaking it with 
alcohol; the metal sank and the pigment, which remained in suspension, could be poured off. 
Repetition of this process gave analytically pure material (Sample II). 

The following comments may be made on the analysis of this and similar products : Carbon 
and hydrogen: Owing to sublimation the substance can be burnt completely within } hour. 
Nitrogen : Macro-Kjeldahl. Copper: The pigment (0-3 g.) was heated with concentrated nitric 
acid (5 c.c.) until a clear solution was obtained. 10 C.c. of water were then added and the 
solution was boiled to expel nitrous fumes, the complete removal of which was ensured by the 
addition of bromine water (5 c.c.), followed by the removal of the bromine by boiling. The 
solution was cooled, treated with an excess of ammonia, boiled to remove most of this, and then 
acidified with acetic acid. To the cold solution an excess of saturated potassium iodide solution 
was added and the liberated iodine was titrated with N /20-sodium thiosulphate (with starch as 
an external indicator). Phthalic acid separated during the titration, if not before, but did not 
interfere with the result. The percentage of copper was calculated in the usual way. Direct 
ashing gave results about 1% low owing to loss by sublimation and the presence of cuprous oxide 
in the ash. Chlorine: Reaction for 6 hours by the Carius method gave somewhat divergent 
results, but the values obtained by the following application of Liebig’s method were concordant. 
The pigment (0-4 g.) was heated with lime for 1} hours with the usual precautions. The 
contents of the tube were washed into water and completely neutralised with an excess of nitric 
acid. The solution was filtered from a dark green, insoluble product, and the soluble chloride 
estimated gravimetrically in the filtrate and washings. The precipitation of silver chloride 
followed the removal of the green product fairly rapidly, as there was a tendency for the solution 
to deposit finely divided phthalic acid on standing, which was difficult to eliminate. 

Copper phthalocyanine yielded the following results. Sample I: C, 66-9; H, 2-8; N, 19-1; 
Cu, 11-0. Sample II: C, 67-1; H, 3-0; N, 18-9; Cu, 11-15 (C,,H,,N,Cu requires C, 66-7; H, 
2-8; N, 19-5; Cu, 11-0%). 

Phthalocyanines from Copper Chlorides and Phthalonitrile.—(a) Cuprous chloride and phthalo- 
nitrile in the ratio \CuCl: 4C,H,N,. Anintimate mixture of 12-8 g. of the nitrile and 2-5 g. of dry 
cuprous chloride was heated in a flask fitted with an air-condenser, a thermometer, and an inlet- 
tube for nitrogen, the last two reaching to the bottom. The flask was slowly heated in a bath 
while nitrogen was passed through it into a solution of silver nitrate. The course of the reaction 
has been described on p. 1027, At its conclusion the flask was swept free from hydrogen chloride 
and the residue was broken up and boiled successively with alcohol, dilute sulphuric acid, 
alcohol, and ether. Yield of pigment, 9-95 g. The total chloride in the combined washings was 
precipitated as silver chloride. The liberated hydrogen chloride yielded 0-84 g. of silver chloride 
(equiv. to 0-21 g. of chlorine) and the residual chloride in the flask yielded 1-94 g. of silver 
chloride (equiv. to 0-48 g. of chlorine). Therefore the chlorine combined in the pigment = 
original chlorine less 0-69 g. = 0-21 g. This is exactly equivalent to that evolved as hydrogen 
chloride; hence there has been simple substitution. The chlorine combined in the pigment is 
100 x 0-21/9-95 = 2-11%. A fully chlorinated pigment with 1 atom of chlorine to 4C, units 
would contain 5-83% of chlorine. The pigment being taken to contain 11% of copper, the un- 
combined copper and chlorine remaining are in the atomic ratio 1 : 1-7 (see equations A and B, 
p. 1027). 

(b) Cuprous chloride and phthalonitrile in the ratio 2CuCl: 4C,H,N,. Reaction was effected 
exactly as before and proceeded smoothly below 200° without appreciable elimination of hydro- 
gen chloride. The weight of pigment obtained was 105-5% of that of the nitrile taken, represent- 
ing a 94% yield on equation A. It was practically free from chlorine. 

(c) Cupric chloride and phthalonitrile in the ratio CuCl, : 4C,H,N,. The chloride (dried at 
100°) showed no sign of reaction with phthalonitrile below about 200° Hydrogen chloride was 
first evolved at an internal temperature of 200° and a bath-temperature of 215°; the temperature 
of the melt then rose very rapidly to 280° and the reaction was complete in 5—10 minutes. The 
product was isolated, by the same method as was used in the case of cuprous chloride, in yields of - 
80—90% (equation B). It could be purified by precipitation from a sulphuric acid solution in 
the manner already described, the recovery being 91—92% (Found : N, 18-0; Cl, 5-7; 6-1; Cu, 
10-5. C3,H,;N,ClCu requires N, 18-4; Cl, 5-8; Cu, 10-4%). 
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Reaction of Other Copper Compounds with Phthalonitrile-—Cuprous oxide gave a 21% yield of 
copper pigment after 30 minutes’ heating at 150—215°. The product was crystalline and had all 
the general properties of copper phthalocyanine. 

Cupric sulphide reacted rapidly at 200—215° to give a 61% yield of a blue pigment with the 
properties of a phthalocyanine but containing sulphur even after purification with sulphuric acid 
(Found : Cu, 22-4; S, 6-1%). After a second treatment with sulphuric acid the substance con- 
tained Cu, 19-0; S, 4-1, 4:1%. (Analyses for sulphur were carried out by decomposing the com- 
pound with nitric acid and estimating the sulphur as sulphate. The same result was obtained by 
fusion with sodium peroxide.) If the copper content of pure copper phthalocyanine (11-04%) is 
deducted from the two sets of figures given above, the copper : sulphur ratios are 11-4 : 6-1 and 
8-0 : 4-1, respectively, and the atomic ratios are 1Cu : 1-06Sand 1Cu: 1-04S. It therefore appears 
very probable that the product is ordinary copper phthalocyanine contaminated with copper 
sulphide which is unexpectedly difficult to remove. In agreement with this, both samples 
evolved hydrogen sulphide on treatment with boiling hydrochloric acid. 

Cupric acetate (dried at 100°) reacted readily at 150—195° to give 65% of crude copper 
phthalocyanine of rather dull appearance. This contained a brown impurity which yielded a 
brown solution in alkali. 

Copper sulphate (dried at 150°) reacted at 175—185°. The product after being washed with 
alcohol dissolved partially in boiling water. The insoluble residue (32%) contained a trace of 
sulphur and had the properties of copper phthalocyanine. The clear blue aqueous solution was 
colloidal. It deposited a flocculent blue precipitate on the addition of salt or alkali and ex- 
hibited Tyndall’s effect. : 

Conversion of Phthalocyanine into the Copper Derivative-—Phthalocyanine was treated for 30 
hours with an excess of copper-bronze in boiling quinoline. The beautifully crystalline product 
was washed free from quinoline and the excess of copper was removed by treatment with sul- 
phuric acid in the manner already described (Found : C, 66-2; H, 2-9; N, 19-4; Cu, 11-2. Calc. 
for C,;,H,,N,Cu: C, 66-7; H, 2-8; N, 19-5; Cu, 11-0%). 

Properties of Copper Phthalocyanine.—The finely powdered or dispersed compound is bright 
blue, free from a green shade. It is less soluble in boiling quinoline than other phthalocyanines 
and cannot be conveniently crystallised from this solvent. When, however, it is prepared in the 
presence of quinoline, it is microcrystalline and has a fine purple lustre. The solution in concen- 
trated sulphuric acid is dark green. 

Action of heat. Copper phthalocyanine can be heated under reduced pressure to 500° without 
change. Sublimation commences at 550° and is rapid at 580° (Whipple platinum resistance 
thermometer). The vapour is deep pure blue and the crystals, which have the usual purple 
lustre, may be obtained up to 1 cm. in length. Similar results are obtained in an atmosphere of 
nitrogen or carbon dioxide at ordinary pressure (Found: C, 66-7; H, 2-9; N, 19-6; Cu, 11:1. 
Calc. for C;,H,,N,Cu: C, 66-7; H, 2-8; N, 19-5; Cu, 110%). The process is tedious and only 
small quantities can be collected at a time. When the copper pigment is heated in air, some 
sublimes apparently unchanged, but the major part is burnt. The compound is also decomposed 
by heating it fiercely in an evacuated silica tube; a mirror of copper is sometimes obtained on the 
side of the vessel. 

Fission. The compound (1 g.) was heated rapidly with concentrated nitric acid (4 c.c.). 
Nitrous fumes were evolved and an intermediate compound with a strong purple colour was 
transitorily formed. As soon as solution was complete, the mixture was diluted with four parts 
of water and filtered hot from a little resin. Pure phthalimide separated in needles from the cold 
solution (m. p. and mixed m. p. 228°). The yield after 45 minutes’ standing of the solution was 
only 50% of that calculated on the assumption that phthalimide was the sole organic product, 
but after 24 hours an 80% yield could be isolated. An even better recovery was obtained from 
the substituted analogue (below). This fission is also readily effected by acid permanganate and 
by ceric sulphate (p. 1038). 

Copper monochlorophthalocyanine resembles the unsubstituted copper compound in general 
properties, but is very slightly greener in shade. When heated under reduced pressure, the sub- 
stance decomposed with evolution of hydrogen chloride. On treatment with nitric acid in the 
manner already described, a yield of over 90% of a mixture of phthalimide and a chlorophthal- 
imide was obtained and the mother-liquor contained no chloride. The mixed imides melted at 
about 204° and were inseparable by fractional crystallisation from water, chloroform, or benzene; 
or by fractional acidification of their solutions in alkali. 

The mixture was hydrolysed with boiling alkali to the mixed acids, which were converted into 
the methyl esters. The mixed esters were carefully fractionated, but the chlorine content of the 
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highest fraction only rose to 4-8, 4-9% (C,9H,O,Cl requires Cl, 15-4. C,gHyO,Cl + 3C, 9H4,0, 
requires Cl, 3:85%). Fractional sublimation of the mixed anhydrides was also attempted, and a 
small amount of a more volatile anhydride, m. p. 96°, was obtained. This was not pure 4-chloro- 
phthalic anhydride (m. p. 98°), as it depressed the melting point of an authentic specimen. 
Nevertheless, in view of the fact that the esterification proceeded as readily as that of un- 
substituted phthalic acid, the 4-position for the chlorine atom seems more probable than the 3, 
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216. Phthalocyanines. Part V. The Molecular Weight of 
Magnesium Phthalocyanine. 


By R. P. LINsTEAD and A. R. Lowe. 


DETERMINATION of the molecular weights of phthalocyanines enables an independent 
estimate to be made of the number of C, units in the molecule. The magnesium com- 
pound (dihydrate) was selected for examination, as its solubility is greater than that of 
other phthalocyanines. It did not dissolve sufficiently in molten naphthalene, benzo- 
phenone, thymol, or camphor to furnish accurate cryoscopic determinations; even when 
the delicate thermometer described below was used, the experimental error was com- 
parable with the observed depressions. 4-Chloroquinoline dissolved rather more of the 
compound and had a convenient melting point, but was unsuitable on account of its 
hygroscopic nature and great tendency to supercool. , 

The ebullioscopic method has the advantage that stronger solutions can be made, 
but even so, 100 parts of boiling naphthalene dissolve only about 0-4 part of magnesium 
phthalocyanine and the maximum possible elevation of the boiling point is about 0-04°, 
and quinoline proved to be an unsuitable solvent. A very delicate platinum resistance 
thermometer was therefore constructed for use in conjunction with the ordinary apparatus 
of Beckmann (Z. physikal. Chem., 1908, 68, 187). The molecular weights obtained at 
different concentrations were 550, 565, 538; mean, 551 (calc. for C3.HO,N,Mg, 572). 
The molecule therefore contains one atom of magnesium and four C, units. 

The apparatus could not be used for determing the molecular weight of phthalocyanine 
itself for the remarkable reason that the metal of the heating coil attacked phthalocyanine 
with the formation of metallic derivatives. A platinum heater could not be constructed. 


EXPERIMENTAL. 


A pparatus.—The platinum resistance thermometer, P, was made from 48 cm. of platinum 
wire, 1/500” in diameter, wound on a former of thin mica. The leads were of silver wire, the 
end effect of these being compensated by the incorporation of one turn of the same wire on a 
similar former. The measurement of resistance was carried out by means of a standard 
Callendar—Griffiths bridge. Owing to the exceptionally high ‘‘ fundamental interval ”’ of the 
thermometer (7-629 ohms) it was necessary to insert an additional standard resistance in the 
compensator arm of the bridge for measurements at the b. p. of naphthalene in order to bring 
the balance point of the bridge on to the bridge wire. The results in the table are therefore 
differential. 

The thermometer was mounted by means of a moulded asbestos stopper in the inner tube 
A, of Pyrex glass, which was fitted with two side arms, B for the introduction of the solute and 
C for the condenser and drying tube. Most of the heat necessary to keep the solvent in A 
boiling was provided by an outer jacket containing the vapour of boiling naphthalene, and the 
additional heat by a resistance, D, totally immersed in the solvent. This was composed of 
20 cm. of nichrome wire (No. 30 S.W.G.) wound in the form of a spiral and ‘‘ spot-welded ”’ to 
two small pieces of nickel foil. These were welded to two tungsten electrodes, which were 
sealed through the walls of A. Two silver wires, welded to the exterior ends of the electrodes, 
were led out of the apparatus through the annular space between A and E. The heating coil, 
which had a resistance of 2-4 ohms, was in series with a source of current (20 volts), a rheostat, 
and an ammeter. A current of 1—2 amps. was used. The tube A was contained in a glass 
jacket E, held in a copper can, F (10” x 3”), with a “ silver-soldered ” side arm leading to a 
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condenser G. The top of the can was flanged and a brass ring H, 2”’ in diameter, was let into 
the brass flange plate. Mounted on this was a turned Bakelite stopper, J, which carried the 
jacket E and closed the vessel. The can was filled to about } capacity with naphthalene, 
which was boiled by means of a burner. 

The thermometer was calibrated in the usual manner in ice and in water boiling under 
775-6 mm. (this pressure was read on a brass scale at 17°, whence the corrected b. p. is 100-52°). 
Resistance at 0° = 1002-36 cm. of bridge wire; at 100-52° = 1765-26 cm. Hence 1 mm. of 
bridge wire = 0-0132°. The sensitivity was 0-2 mm. or about 0-0026°. 

Solvent.—The use of quinoline was abandoned, as the boiling point of carefully purified 
material (regenerated from well-crystallised dichromate and stored in an evacuated desiccator 


Y 
YY 
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Boiling-point apparatus for use with platinum-resistance thermometer. 


over phosphoric oxide) was found to fluctuate. Recrystallised and dried naphthalene showed 
no such variation. The temperature at which this material boiled was independent of the 
current supplied through the coil D. 

Procedure.—100-0 G. of pure naphthalene were introduced into A, the naphthalene in the 
outer can was boiled, and a current of about 1 amp. was passed through the heating coil D. 
The boiling point was then determined by taking bridge-readings at gradually increasing values 
of current until a steady and reproducible maximum was obtained (see Table). Some difficulty 
was experienced at first owing to the extreme sensitivity of the thermometer, for when the 
liquid was boiled vigorously by means of a fairly large current in the heating coil, superheated 
bubbles passing over the thermometer caused continuous oscillation of the galvanometer 
spot. This was corrected as follows. The commutator in the bridge circuit was arranged 
so that a deflection of the galvanometer spot to the right meant that the contact had to be 
moved to the right. Oscillations due to superheating were then entirely to the right and the 
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null-point was taken when there was the slightest deflection to the left. This was readily 
determined during gentle ebullition, but when the stream of bubbles was rapid, frequent 
depressions of the bridge contact were necessary and 6—7 minutes were required to obtain a 
trustworthy reading. 

A weighed quantity of magnesium phthalocyanine was then added, the mixture boiled for 
some time to ensure solution, and readings were taken in exactly the same manner and as 
quickly as possible to avoid a variation in the barometric pressure. The sets of readings b and 
cin the Table followed immediately those of a; and e followed d. 


TABLE. 

(a) Pure naphthalene. 
Current in heating coil 

(amps.) : 1°4 1°5 16 1°65 1:7 1-75 1-80 
Bridge reading (cm.) 1276°72 1278°55 127892 1280°41 1280°42 1280°43 1280°42 1280°42 
(b) 0°2489 G. of magnesium phthalocyanine in 100 g. of naphthalene. 
Current 1°5 16 1°65 1-7 1°8 1°85 
Bridge reading 1280-18 1280°24 1280°32 1280°61 1280°62 1280°62 
(c) 0°3513 G. of magnesium phthalocyanine in 100 g. of naphthalene. 
Current 1-5 16 1-7 1°75 
Bridge reading 1280-64 1280°74 1280°69 1280-70 
(d@) Pure naphthalene. 
Current 0°89 1-0 1-1 1-2 1-25 1:3 
Bridge reading 1276°02 1283-02 1285°92 128642 128652 1286-58 
Current 1°35 1°4 1°45 15 16 1-7 
Bridge reading 1286°80 1286°85 1286°85 1286°85 1286°85 1286°85 
(e) 0°3913 G. of magnesium phthalocyanine in 100 g. of naphthalene. 
Current 1-0 11 1-2 1°25 1:3 1°35 
Bridge reading 1285°92 1286°32 1286-72 1286°87 1287:11 1287:17 
Current 1°4 1°45 1°5 1°55 1-6 
Bridge reading 1287°17 =1287°17) —-:1287°17)—s-:1287°17 =: 1287-17 
These figures give the following values for the molecular weight, the molecular constant for 
naphthalene being taken as 58-0 (Z. physikal. Chem., 1914, 89, 111) : 


Expt. Concn., g./100 g. At (mm. wire). Mol. wt. 
b 0°2498 2-0 550 
c 0°3513 2°8 565 
e 0°3913 3°2 538 
A series of determinations carried out at a concentration of about 0-6% gave unsatisfactory 
results and traces of undissolved solid could be seen in the boiling naphthalene. 


We are indebted to Asst. Professor H. S. Gregory of the Department of Physics in this 
College for the loan of apparatus, and for valuable advice in the use of the platinum ther- 
mometer, and to Mr. W. Thomson for technical assistance in its construction. 
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217. Phthalocyanines. Part VI. The Structure of the Phthalocyanines. 
By C. E. Dent, R. P. Linsteap, and A, R. Lowe, 


COMPARATIVE experiments have shown that the reagents which readily yield phthalocyanines 
with o-phthalonitrile give no similar products with terephthalonitrile (I), homophthalo- 
nitrile (II), o-xylylene dicyanide (III), o-cyanocinnamonitrile (IV), and 2 : 2’-dipheno- 
nitrile (V). 


CN 
N CH,-CN N 
) H,-CN CH,°CN H:CH-CN NOt 

N 


(II.) (III.) (IV.) (V.) 
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These facts indicate that the two nitrile groups participating in phthalocyanine form- 
ation must be linked to adjacent carbon atoms of an aromatic nucleus and cannot be separ- 
ated by an additional saturated atom or by an extended unsaturated or aromatic unit. 
The obvious inference, that the production of a phthalocyanine involves the formation of a 
ring fused to the aromatic nucleus in the 1 : 2 positions and containing six atoms or less, 
is supported by the hydrolysis and oxidation of phthalocyanines to derivatives of o-phthalic 


acid. 
The evidence of synthesis and of fission and the results of analysis * both indicate the 


presence of the skeleton 7Y . The analytical figures prove that the non-benzenoid 
\/ CN 

carbon and the nitrogen atom carry no oxygen and little or no hydrogen (the exact content 

of hydrogen, which is left uncertain by the figures, is discussed later). The only structural 

units which satisfy these conditions are an isoindole ring with an extracyclic nitrogen atom 

(VI) and a phthalazine ring (VII) : 


ce “y 
c/ wil “it cH7® 


(IX.) 
(VII.) 

The available evidence is strongly in favour of the first of these formule. The controlled 
decomposition of phthalocyanine to phthalimide and ammonium nitrate by nitric acid 
(p. 1021) indicates that the molecule contains two dissimilar types of nitrogen atom. This is 
not, however, a definite proof, because it is known that certain phthalazines can be con- 
verted into derivatives of isoindole by extrusion of one nitrogen atom, as, for example, in 
the reduction of chlorophthalazines to dihydro/soindoles (Gabriel and Neumann, Ber., 1893, 
26, 521, 705). A comparison has therefore been made of the capacity of the two systems 
for phthalocyanine formation. Experiments with iminophthalimidine (VIII) and the 
isomeric phthalazone (IX) have shown that the isoindole derivative readily yields phthalo- 
cyanines under conditions where phthalazone is unchanged. Indeed we have been unable 
to obtain definite indications of phthalocyanine formation by prolonged treatment of (IX) 
under the most favourable conditions. Further experiments by Dr. E. G. Noble and one of 
us show that methylphthalazone, methylphthalazine, and phthalazine itself (X, XI, and 
XII) also give negative results, the last even in the presence of oxidising agents such as 
cupric and ferric chlorides. 


CM CM CH 
NH N N 
\co% cHZ cHZ 
(X.) (XI.) (XII.) 


The isoindole formula is also to be preferred on stereochemical grounds. Inspection of 
the complete formule (such as XIV) given below, which contain four C, units, shows that 
it would be impossible to join four phthalazine nuclei in the form of a suitable large complex 


* It will be convenient to summarise here the analytical data for pure phthalocyanine from various 
sources : 
N, %. 
21°5 


Method of preparation. Cc H, 
Mg compound (ex cyanobenzamide) + H,SO, 
” ” + HCl sac 
Found ” (ex phthalonitrile) + H,SO, 
Cyanobenzamide + antimony 
Phthalonitrile + sodium amyloxide 


for (CsH,N,), 
Calc. 


21°6 
21°5 
21-9 
21°8 


for (CsH,N,),H, 917 


for (CsH,N,),H, 


oom BID IHD ~O 
° 
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ring, as the components would have to be linked directly without the intervention of the 
connecting atoms, which in the 7soindole formula provide the necessary angular divergence. 

The intense colour of the phthalocyanines makes it obvious that their molecules cannot 
be composed of one isoindole ring. The analyses of the metallic derivatives show that four 
such units are combined for every atom of metal—an aggregation which is confirmed by the 
molecular weight of magnesium phthalocyanine (see Part V). The close similarity in 
physical properties of free phthalocyanine and its metallic derivatives indicates that the 
parent compound also has four C, units in the molecule. A four-unit formula is further 
supported by the results of the quantitative oxidation of both the free and the metallic 
phthalocyanines. 

The only reasonable way in which these isoindole units can be joined is by means of 
the extracyclic nitrogen atoms : the remaining valencies will then form a conjugated chain, 
in keeping with the strong colour. This leads to the “ chain ” formula (XIII) or the ring 

aN aN 
\ 


formula (XIV). 
( \ VAN JN AN 
| eS | % N | | iq N oe 
pe: NVA APN IN) SIN NN 
—NH N—C C—w ON 
\n ONY Nn 
HN—C~ ‘c—y N= 


A’ Us AA \/ Y) YY A 


Va 
bi (XIII.) we Vv (XIV.) (XV.) V 


If two imino-hydrogen atoms are left available for the fixation of the metal, (XIII) is 
equivalent to (CgH;N,), and (XIV) to (CgH,N,),H,. The analytical difference is too small 
to be detectable. The formation of copper phthalocyanine, (CgH,N,),Cu, from phthalo- 
nitrile, and copper can only be simply accounted for on the basis of the ring formula, and 
the chain formula is excluded by the results of quantitative oxidation (p. 1038). 

A slightly different ring formula is (XV), which contains no imino-hydrogen atoms and 
has all the aromatic rings in the benzenoid condition, whereas in (XIV) one ring is 
o-quinonoid. 

Formule (XIV) and (XV) differ in their implications respecting the attachment of the 
metal on the derivatives. Copper phthalocyanine could be expressed as a derivative of 
(XIV) by the formula (XVI), in which the metal has displaced two hydrogen atoms and is 
attached by covalencies to two isoindole nitrogen atoms (and may be co-ordinated to the 
other two; see p. 1037). Ina formula based on (XV), however, the metal would be held 
purely by co-ordinate links to the “ee atoms (XVII). 


th ae 
CH 
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CH 
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CH 
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(XVI.) (XVII.) (XVIII.) 


These formule are analogous to the alternative representations of the complex metallic 
derivatives of indigo (Kunz and co-workers, Ber., 1922, 55, 3699; 1923, 56, 2027; 1925, 
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58, 1860; 1927, 60, 367; 1930, 63, 2600) for which the formula involving “ primary ” 
valencies (corresponding to XVI) has been proved correct by Kuhn and Machemer (Ber., 
1928, 61, 118). 

There is experimental evidence in favour of formule (XIV) and (XVI) and opposed to 
(XV) and (XVII). The stability of the copper compound in the vapour phase at 580° would 
be inconceivable if the metal were held solely by co-ordinate links. If there were no imino- 
hydrogen atoms in phthalocyanine, hydrogen should be liberated during the preparation of 
this substance by the action of sulphuric acid on the magnesium compound : none has been 
observed. If, on the other hand, the imino-hydrogen atoms are present, the formation of 
the metallic compounds from free phthalocyanine should be accompanied by an evolution 
of hydrogen. We find, however, that hydrogen is slowly evolved when magnesium alone 
is boiled with quinoline; the reaction, therefore, is not diagnostic. 

It was hoped to obtained decisive evidence by the Tschugaeff—Zerewitinoff method for 
the estimation of active hydrogen (Ber., 1902, 35, 3912; 1907, 40, 2023, etc.; compare 
Hibbert and Sudborough, J., 1904, 85, 933, etc.), which has recently been applied to the 
investigation of complex metallic compounds and their precursors by Kuhn and others ((oc. 
cit.; Ber., 1928, 61, 128), although it has not been so successful in the porphyrin, hemin, 
and chlorophyll series (see a summary by Fischer and Rothemund, Ber., 1931, 64, 201). 
Unfortunately the method or known modifications could not be applied to the phthalo- 
cyanines owing to their insolubility in the usual media, and the use of quinoline was also 
unsatisfactory (p. 1038). 

Fission by oxidation provided the desired evidence. It was known that phthalocyanine 
and its heavy-metal derivatives were stable in cold sulphuric acid solution for long periods, 
but were decomposed by hot acid permanganate so readily that suspensions in dilute 
sulphuric acid could be titrated with this reagent. The fission of a molecule of a phthalo- 
cyanine of formula (XIV) to phthalimide requires one atom of oxygen (a), whereas a mole- 
cule of formula (XV) requires no oxygen (bd) : 


(0) (CsH,N,), + 8H,O = 4C,H,O,N + 4NH, 


The ease of the oxidative fission is therefore strong evidence in favour of (XIV), and to 
make this conclusive, we endeavoured to find conditions under which equation (a) could be 
realised quantitatively. This could not be achieved by the use of permanganate, as there 
was some autocatalytic decomposition of the reagent, oxygen being partly liberated and 
partly dissolved in the solution. Ceric sulphate, which has been used as a stable substitute 
for permanganate in inorganic analyses (Mitchell and Ward, “‘ Modern Methods in Quanti- 
tative Chemical Analysis,” p. 15), proved to be excellent for our purpose. We are indebted 
to Dr. A. M. Ward for suggesting its use. 

Ceric sulphate reacts very rapidly with a suspension of phthalocyanine in dilute sul- 
phuric acid at room temperature. Exactly one atom of oxygen is taken up (for each four 
C, units) and about 90° of the theoretical quantity of phthalimide can be isolated from the 
product. Under similar conditions copper phthalocyanine is oxidised according to the 
equation : 

(CgH,N,),Cu + 8H,O + O = 4C,H;O,.N + CuO + 4NH, 


Oxidation of magnesium phthalocyanine (dihydrate) proceeds similarly : 
(C,H,N,),Mg,2H,O + 6H,O + O = 4C,H,O.N + MgO + 4NH, 


This shows that the combined oxygen in this compound is not effective for oxidation. 
Phthalonitrile takes up no oxygen under these conditions, which justifies experimentally 
the contention that the hydrolysis of a substance of formula (XV), which is a polymeride 
of phthalonitrile, to phthalimide would not involve oxidation (equation 5). 
The absence of oxidisable hydrogen in the metallic derivatives and its presence in the 
parent compound proves that a bivalent metal takes the place of two atoms of hydrogen 
and is therefore bound by covalencies. 
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If phthalocyanine had the “ open-chain ”’ structure [XIII = (CgH;N,),], each molecule 
should either take up two atoms of oxygen and form four molecules of phthalimide or take 
up one atom of oxygen and form three molecules of phthalimide and one molecule of 
phthalimidine. Both of these possibilities, and hence the open-chain structure, are there- 
fore excluded and the structures represented by (XIV) and (XVI) are proposed for phthalo- 
cyanine and its metallic derivatives. The fine structure, 7.e., the relative positions of the 
imino-hydrogen atoms and the consequent arrangement of the double bonds, cannot be 
decided by the chemical evidence. The hydrogen atoms have been placed on opposite 
instead of on adjacent rings in the formule on the basis of X-ray measurements by Dr. J. M. 
Robertson. 

The stability of copper phthalocyanine indicates that the metal is co-ordinated, pre- 
sumably with the other two isoindole nitrogen atoms, but it is necessary to consider this 
more fully in relation to the stereochemistry of the molecule as a whole. On the basis of 
formula (XIV) the cyclic framework of phthalocyanine should exist in one plane and the 
only possibility of deviation lies in the ability of ring A to rotate on the two single links 
connecting it with the extracyclic nitrogen atoms. [If all the rings lie in one plane, the 
valencies connecting the imino-nitrogen atoms will be inclined to this, so that the hydrogen 
atoms of phthalocyanine will lie out of the great plane. 

Both cis- and érans-forms of this compound then become possible, according to the 
relative position of the two hydrogen atoms. Models show that a metal exhibiting normal 
tetrahedral symmetry can take the place of the two hydrogen atoms without appreciable 
strain in a cis-phthalocyanine and with but little strain in a ¢rans-form. On the other hand, 
if the other two isoindole nitrogen atoms become co-ordinated, the new links would tend to 
lie in the great plane. Hence, for a metal with tetrahedral symmetry to be co-ordinated, 
the molecule must accommodate (1) some distortion of the nitrogen valencies and (2) con- 
siderable distortion of the metallic valencies. A metal with planar symmetry (e.g., nickel) 
could, however, be co-ordinated in the centre of the molecule with distortion of only two 
nitrogen valencies. It therefore appears that, if co-ordination of a metal normally ex- 
hibiting tetrahedral symmetry occurs, either the molecule must lose its planar configuration 
or the normal direction of the metallic valencies must be modified. 

Connexion with the Porphyrins.—There is a close connexion between phthalocyanines of 
formule (XIV) and (XVI) and the porphyrins, which form the basis of many important 
natural colouring matters and have been shown by Kiister, Willstatter, Hans Fischer, and 
others to contain the fundamental porphin ring (XVIII). (The imino-hydrogen atoms are 
placed on opposite rings by analogy with those of phthalocyanine.) This differs from 
phthalocyanine in two respects; the pyrrole units do not carry benzene nuclei and are con- 
nected to one another by methine groups in place of nitrogen atoms. These factors would 
not be expected to influence the general spatial arrangement or the stability of the complex 
molecule, for it is well known that a nitrogen atom may take the place of a methine group 
in rings without greatly affecting their general character. In agreement with this, there 
are a number of resemblances between the two types: both are stable to alkalis, less so to 
acids; both are highly coloured, and form complex metallic compounds; and both can be 
degraded by oxidation to the imides of dibasic acids. Moreover, there is a similarity in the 
order of stability of the metallic derivatives of the porphyrin and of the phthalocyanine series. 
For instance, the metallic phthalocyanines may be compared with the corresponding deriv- 
atives of substances of the type of phytochlorin and phytorhodin. Willstatter and Stoll 
(“ Chlorophyll,” 1913, Chapter XIX) state that the magnesium compounds of these are 
intermediate in stability between the potassium derivatives, which lose the metal in dilute 
alcoholic solution, and the copper compounds, which are of “ unparalleled stability.” * 
The spatial arrangement of the great ring and the metal may be presumed to be identical 
in the phthalocyanines and the porphyrins and it is hoped that further investigation 
of the metallic phthalocyanines may throw some light on the general stereochemical 
problem. 


* Geh. Professor Dr. R. Willstatter predicted the great stability of copper phthalocyanine to one 
of us (R. P. L.) some months before the compound was first isolated. 
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EXPERIMENTAL. 


Lxperiments with Dinitriles other than o-Phthalonitrile —Terephthalonitrile, homophthalo- 
nitrile, o-xylylene dicyanide, o-cyanocinnamonitrile, and 2 : 2’-diphenonitrile were each treated 
with the following reagents : magnesium, copper, and cuprous chloride at the boiling point of 
the dinitrile, and with sodium amyloxide in boiling amyl alcohol. No coloured products could 
be isolated in any of the experiments. o-Xylylene dicyanide and o-cyanocinnamonitrile gave a 
green colour with sodium amyloxide, but no pigment could be isolated from the solutions. 
2 : 2’-Diphenonitrile gave a similar green colour with molten metallic sodium. 

Comparison of Iminophthalimidine and Phthalazone (VIII and IX).—As o-cyanobenzamide 
passes apparently completely into iminophthalimidine above its melting point (Braun and Tcher- 
niac, oc. cit.), the results of Part II serve for one side of this comparison. Pure recrystallised 
iminophthalimidine (m. p. 203°), made by acidification of a solution of o-cyanobenzamide in alkali 
with acetic acid at 0°, also readily gave magnesium phthalocyanine when heated with magnesium 
oxide at 240—260°. Phthalazone, m. p. 182°, made from phthalide by Gabriel and Neumann’s 
method (Ber., 1893, 26, 521), yielded no trace of green or blue colour when heated even to the 
boiling point (337°) with sodium, sodium amyloxide, magnesium, or cuprous chloride. With 
magnesium oxide a weak green colour was formed, but no pigment could be isolated from the 
product. Zinc chloride also gave a slight green colour. 

Attempted Determinations of ‘‘ Active’? Hydrogen.—A two-chambered reaction vessel similar 
to that recommended by Zerewitinoff (Ber., 1907, 40, 2023) was used. The Grignard compound 
was prepared from methyl iodide and magnesium in pure amyl ether. The quinoline was freed 
from aromatic bases by the action of nitrous acid and converted into the dichromate, which was 
repeatedly crystallised. The base was regenerated with alkali and distilled in steam and under 
reduced pressure, b. p. 115°/16 mm. It gave no colour with acid hypochlorite and no methane 
with the Grignard reagent. 

The procedure followed that previously used (/oc. cit.; Sudborough and Hibbert, J., 1904, 85, 
933; 1909, 95, 477) except that quinoline was employed as solvent. The results were satis- 
factory for phthalimide (Found : active H, 1-0, 0-9, 1-0, 0-9, 1-1, 1-0atom per molecule). Phthalo- 
cyanine slowly evolved methane with the reagent, but the results of a large number of experi- 
ments varied with the time of reaction to such an extent that they could not be satisfactorily 
corrected by blank experiments. 

Quantitative Oxidations.—The following results were obtained by dissolution of the phthalo- 
cyanine in concentrated sulphuric acid, precipitation with water, and titration at the boiling 
point with N/20-potassium permanganate: Found for phthalocyanine: oxidisable H, 0-49, 
0-56. (C,H,N,),H, requires 0-39%. Found for copper phthalocyanine: oxidisable Cu, 15-7, 
15-7. (C,gH,N,),Cu requires 11-05%. The results for both compounds are high in the same pro- 
portion and the method must therefore be at fault. When the precipitated copper phthalo- 
cyanine was filtered off, washed, and titrated in dilute sulphuric acid, a rather better result was 
obtained (Cu, 12-9%). 

Use of ceric sulphate. A known weight (about 0-3 g.) of the finely divided compound was 
triturated with a little dilute sulphuric acid, and a known excess of exactly N/10-ceric sulphate 
solution (Mitchell and Ward, op. cit.) added. The bulk of the pigment rapidly disappeared. To 
ensure the completion of the reaction, the solution was kept at 60° until clear, any lumps being 
crushed. N/10-Ferrous ammonium sulphate equivalent to the original amount of ceric sulphate 
was then added, and the excess of ferrous salt titrated with N /10-ceric sulphate, xylene cyanole 
FF being used as indicator. The colour changes from greenish-yellow to brown in the presence 
of excess of the ceric salt; the end-point is sharp and can be approached from either side. The 
final ceric sulphate titre is equivalent to the amount originally employed to oxidise the phthalo- 
cyanine. 

The results are summarised below. The last column gives the molecular weight assumed in 


the calculations: -. 
Found. Calc. M.W. 


% Oxidisable H in phthalocyanine 0°39, 0°38 0°39 514 
Mg in magnesium phthalocyanine (dihydrate) 43, 42 4°25 572 
Cu in copper phthalocyanine 11-2, 10°6 11-05 576 


” 


When the solution obtained in the oxidation of the magnesium compound was kept for 2 
days, long needles of phthalimide formed (yield, 87-59%), m. p. and mixed m. p. 228°. The 
mother-liquor on continuous extraction with ether for a further 5 days yielded a further 4-5% of 
phthalimide. Similarly, phthalocyanine itself yielded 89° of pure phthalimide. 





Experiments on the Synthesis of Anthocyanins. Part XXI. 1039 


Our thanks are due to Professor J. F. Thorpe, C.B.E., F.R.S., for his kindness in enabling us 
to carry out this work and for his encouragement and advice. We are also indebted to Imperial 
Chemical Industries Limited for grants and gifts of chemicals, to Dr. E. H. Rodd for many valu- 
able suggestions, to Dr. H. F. Harwood for advice on analytical matters, and to the Salters’ 
Company for a grant to one of us (A. R. L.). 


IMPERIAL COLLEGE, LONDON, S.W. 7. [Received, May 22nd, 1934.]} 





218. LHxperimenits on the Synthesis of Anthocyanins. Part XXI. 
3-B-Glucosidyldelphinidin Chloride. 


By (Miss) T. M. REyYNoLps and ROBERT ROBINSON. 


In order to cover the field of anthocyanin synthesis it was necessary to include the delphini- 
din derivatives and many attempts to obtain delphinidin 3-glucoside have been made in the 
course of the last three years. At every stage unusual difficulties were met and although the 
account of our eventual success will read very much like that of any other of the syntheses, 
the fact is that it has cost us an altogether disproportionate expenditure of time and 
labour. 

The first problem was the preparation of an w-hydroxy-3 : 4 : 5-triacyloxyacetophenone. 
Dr. L. F. Levy found that «-diazo-3 : 4 : 5-triacetoxyacetophenone, (AcO),C,H,-CO-CHN, 
(Bradley, Robinson, and Schwarzenbach, J., 1930, 793), could be converted into w-formoxy- 
3:4: 5-triacetoxyacetophenone, (AcO),C,H,*CO-CH,°O-CHO (I), by means of absolute formic 
acid, but he was unable to hydrolyse the formic ester group without affecting the rest of the 
molecule. 

He experimented also on the direct hydrolysis of the diazo-ketone with 50% formic acid 
on the steam-bath, but isolated the formoxy-ketone. He then tried, without success, 15% 
formic acid, dilute sulphuric acid, aqueous alcohol and 60° hydrofluoric acid as the 
hydrolytic agents. 

The work was taken up by Dr. H. S. Boyd-Barrett, who prepared w-diazo-3 : 4 : 5-tri- 
benzoyloxyacetophenone and the related w-acyloxy-ketones and studied the semi-hydrolysis of 
these substances but without the desired outcome. 

Mr. L. H. Kent also found this line unpromising and he worked with w-/olwenesulphonyl- 
oxy-, o-chloro-, and w-bromo-triacetoxyacetophenones in attempts to condense these substances 
with 2:3:4: 6-tetra-acetyl glucose. Mr. Kent then returned to the original idea and 
discovered the conditions necessary for the hydrolysis of the w-diazotriacetoxyaceto- 
phenone to a carbinol, (AcO),C,H,*CO-CH,°OH (II), under the influence of 50% formic acid. 
But the carbinol obtained at first was not sufficiently pure and we have found that all the 
circumstances of this process must be narrowly observed and controlled ; it is then possible 
to obtain consistent results. Furthermore, material isolated by the usual method, that is, 
by dilution of the reaction mixture with water, could not be obtained in a sufficiently high 
state of purity even after repeated crystallisation and the glucoside prepared from it could 
not be crystallised. The necessary modifications of the process are described in the 
experimental section. 

w-T etra-acetyl-B-glucosidoxy-3 : 4 : 5-triacetoxyacetophenone, 

(AcO),C ,H,*CO-CH,°O’C,H,O(OAc), (III), 
was prepared from w-hydroxy-3 : 4 : 5-triacetoxyacetophenone in the usual way. It was found 
to exist in two crystalline forms of m. p. 87—88° and 141—142° respectively, the higher- 
melting form being the more stable. The condensation of this glucoside with 2-O-benzoyl- 
phloroglucinaldehyde by means of hydrogen chloride in ethyl acetate solution proceeded 
smoothly, but much more slowly than in the cases previously described. The removal of 
the benzoyl and acetyl groups from the product also presented difficulties. The antho- 
cyanin was completely destroyed by treatment with cold aqueous barium hydroxide in the 
absence of oxygen under conditions which permitted the isolation of delphinidin chloride. 
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Slightly better results were obtained with 50% methyl-alcoholic barium hydroxide, but 
the product was not sufficiently pure to admit of the 
isolation of crystalline material. The use of absolute 
methyl-alcoholic barium hydroxide was, however, attended 
with a minimum of decomposition and gave a completely 
acyl-free delphinidin monoglucoside (IV). This was puri- 
fied through the picrate and then recrystallised several 
times as the chloride. The substance has been character- 

ised by means of colour reactions, absorption spectrum and distribution number. There 

can be little doubt that it is a naturally occurring anthocyanin, but it has not yet been 
separated in a pure condition from plant material. 

The isolation from Awobana paper of a delphinidin monoglucoside has been described 
by Kuroda (Proc. Imp. Acad. Japan, 1933, 9, 94), and Karrer and de Meuron (Helv. Chim. 
Acta, 1933, 16, 292) report the separation of a slightly impure delphinidin 3-monoglucoside 
from the mixture of pigments present in Viola tricolor. 

Vicin from a scarlet-flowered vetch (Karrer and Widmer, Helv. Chim. Acta, 1927, 10, 
67, 73) was stated to consist of a rhamnoside and a monoglucoside of delphinidin, and 
gentianin, the pigment of flowers of Gentiana acaulis, was described as a p-hydroxy- 
cinnamoy] derivative of delphinidin monoglucoside (idem, ibid.). Again, Karrer and Wid- 
mer (ibid., p. 9) fractionated the picrates of the mixed colouring matters of the bilberry 
(Heidelbeeren) and found that they consisted of a monoglucoside and a monogalactoside of 
delphinidin together with malvidin monoglucoside and possibly the glucoside or the 
galactoside of a delphinidin monomethy] ether. 

In view of the fact that all monoglucosides of other anthocyanidins so far isolated have 
been proved to be 3-glucosides, it is probable that our delphinidin 3-glucoside is identical 
with one or more of the naturally occurring anthocyanins mentioned above; it seems, 
therefore, to be worth naming. However, it will suffice at this stage to propose the 


expressions myrtillin-a and myrtillin-b for the particular glucoside and galactoside, respect- 
ively, of delphinidin that occur in the skins of bilberries. 

Myrtillin-a is almost certainly delphinidin 3-8-glucoside and further evidence on this 
point will be submitted later. 


EXPERIMENTAL. 


Substances prepared by Dr. H. S. Boyd-Barrett.—Tribenzoylgalloyl chloride, m. p. 124° after 
one crystallisation from carbon tetrachloride, was obtained in excellent yield by the action of 
boiling thionyl chloride on the acid. w-Diazo-3: 4: 5-benzoyloxyacetophenone separated when a 
chloroform solution of the chloride (1 mol.) was added to an ethereal solution of diazomethane 
(2-2 mols.). It crystallised from benzene as light yellow prisms, m. p. 169° (decomp.) (yield, 
almost theoretical) (Found: C, 68-3; H, 3-8; N, 5-2. C,.gH,gO,N, requires C, 68-8; H, 3-6; 
N, 55%). w-Formoxy-3: 4 : 5-tribenzoyloxyacetophenone offered difficulty in its preparation and 
the application of heat is undesirable : the diazo-ketone was mixed with absolute formic acid ; 
the product collected after 6 weeks crystallised from formic acid in colourless prismatic needles, 
m. p. 116—117° (Found: C, 68-5; H, 3-9. C3,H.O, requires C, 68-7; H, 3-8%). Many 
unsuccessful attempts were made to hydrolyse the formoxy-group. 

«-A cetoxy-3 : 4: 5-tribenzoyloxyacetophenone, obtained by heating the diazo-ketone with 
glacial acetic acid, crystallised from alcohol in pale yellow, rectangular plates, m. p. 138—140° 
(Found : C, 68-8; H, 4:2. C,,H,,O, requires C, 69-1; H, 4:1%). 

Substances prepared by Mr. L. H. Kent.—w-Diazo-3 : 4 : 5-triacetoxyacetophenone was decom- 
posed by means of p-toluenesulphonic acid in acetone solution at 40°, and the solvent removed. 
The residue could: with difficulty be induced to solidify on trituration with several changes of 
water, and then crystallised from light petroleum—acetone (5 : 1) in colourless needles, m. p. 134° 
(yield, 90%) (Found : C, 54-5; H, 4:3; S, 7-0. C,,H, 90,95 requires C, 54-3; H, 4:3; S, 6-9%). 
This substance is w-p-toluenesulphonoxy-3 : 4 : 5-triacetoxyacetophenone ; the 3: 4: 5-tribenzoyl- 
oxy-analogue forms colourless needles, m. p. 148°. The required carbinol could not be obtained 
from these sulphonic esters either by the usual methods of hydrolysis or by means of benzylamine. 
The triacetoxy-diazo-ketone was also decomposed by picric acid, but there is some doubt as to 
the nature of the product, m. p. 212—215°, which could be crystallised from acetic acid. 

It is remarkable that w-diazo-3 : 4 : 5-triacetoxyacetophenone does not react readily with 
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hydrogen bromide in chloroform solution, but in acetone liberation of nitrogen occurs at 0°. The 
solution was evaporated when gas was no longer evolved; the residue crystallised from alcohol 
as light lemon-yellow rhombs, m. p. 123° (mixed with diazo-ketone, m. p. 103°) (yield, 95% 
(Found: C, 45-3; H, 33; Br, 21-0. C,,H,,;0,Br requires C, 45-0; H, 3-5; Br, 21-3%). 
«w-Bromo-3 : 4 : 5-triacetoxyacetophenone is readily soluble in acetone, chloroform, benzene, and 
acetonitrile, sparingly soluble in ether, and very sparingly soluble in light petroleum. The 
w-chloro-analogue forms colourless rhombs, m. p. 114-5°, from alcohol, in which it is more 
sparingly soluble than the bromo-derivative (Found: C, 51-2; H, 3-9; Cl, 10-2. C,,H,,0,Cl 
requires C, 51-1; H, 3-9; Cl, 10-5%). Many attempts to condense these w-p-toluenesulphonoxy- 
and w-halogenated-acetophenones with 2: 3: 4: 6-tetra-acetyl glucose were made in order to 
obtain the required glucosides, but although indications of the desired reactions were obtained, 
the general scheme proved to be unsatisfactory and was abandoned in favour of a renewed attack 
on the lines described below. 

w-Formoxy-3 : 4 : 5-triacetoxyacetophenone.---Nhen pure formic acid (5 c.c.) was added to 
w-diazo-3 : 4 : 5-triacetoxyacetophenone (1 g.), the solid dissolved rapidly in the cold with vigor- 
ous evolution of nitrogen; the reaction was completed by heating at 55° for 10 minutes. Addi- 
tion of water (50 c.c.) precipitated a crystallising oil (0-7 g.). After three crystallisations from 
benzene, the product had m. p. 99—100° (Found : C, 53:3; H, 4:2. C,;H,,O, requires C, 53-3; 
H, 4:2%) (Dr. Levy precipitated the substance from the reaction mixture with dry ether and 
crystallised it from light petroleum in prismatic needles, m. p. 99—100°. Found: C, 53-5; H, 
4-5%). Boiling with aqueous alcohol for several hours did not effect the hydrolysis of this 
substance, although a similar procedure worked well in the case of the intermediate required for 
oenin (compare J., 1931, 2707). Other methods were tried but were equally unsuccessful. 

w-Hydroxy-3 : 4 : 5-triacetoxyacetophenone (I1).—Both the yield and the purity of the product 
are adversely affected by using larger quantities than those given below. 

Freshly distilled formic acid (25 c.c. of 50%) was added to w-diazo-3 : 4: 5-triacetoxyaceto- 
phenone (5 g.), and the mixture heated at 55—60° for 10 minutes with stirring. The initially 
rapid evolution of nitrogen almost ceased and the colourless or slightly yellow solution obtained 
was diluted with water (25 c.c.), cooled, and filtered through charcoal, the precipitate being 
discarded. The filtrates from three batches were combined, diluted with water (about 300 c.c.), 
and neutralised with solid potassium bicarbonate in the presence of chloroform. The neutral 
solution was extracted thrice with chloroform and the combined extracts were washed once with 
potassium bicarbonate solution and once with water, dried over sodium sulphate, and evaporated 
to a small volume (25—30 c.c.) under diminished pressure. The addition of light petroleum 
(2—3 vols.) precipitated an oil, which crystallised rapidly (12-5 g.) and was sufficiently pure for 
the preparation of the glucoside; recrystallised from benzene, it formed colourless needles, m. p. 
87—88° (Found: C, 54:5; H, 4-6; Ac, 42-6. C,,H,,0O, requires C, 54-2; H, 4:5; 3Ac, 41-6%). 

This w-hydroxy-3 : 4: 5-triacetoxyacetophenone is readily soluble in acetone, chloroform, ether, 
ethyl acetate, hot benzene, and hot alcohol, slightly soluble in water, and insoluble in light 
petroleum. It reduces Fehling’s solution in the cold, is insoluble in aqueous sodium carbonate, 
and gives no colour with ferric chloride in alcoholic solution. When heated for 5 minutes in a 
boiling water-bath with acetic anhydride (1-5 c.c.) and pyridine (0-5 c.c.), w-hydroxy-3 : 4: 5- 
triacetoxyacetophenone (0-3 g.) afforded w : 3: 4: 5-tetra-acetoxyacetophenone (m. p. 124—125° 
after recrystallisation from alcohol) in quantitative yield. No depression in m. p. was noted 
when this product was mixed with a specimen prepared directly from w-diazo-3 : 4 : 5-triacetoxy- 
acetophenone (Bradley, Robinson, and Schwarzenbach, /oc. cit.). 

w-Tetra-acetyl-B-d-glucosidoxy-3 : 4 : 5-triacetoxyacetophenone (II1).—Freshly prepared silver 
carbonate (25 g.) was added to a solution of w-hydroxy-3 : 4 : 5-triacetoxyacetophenone (10 g.) 
and tetra-acetyl-«-glucosidyl bromide (20 g.) in pure dry benzene (120 c.c.) at 40°, and the mix- 
ture was shaken vigorously and kept at 50—60° for 30 minutes. The product was filtered through 
charcoal, and light petroleum was added to the clear colourless filtrate, giving a syrup, which was 
washed twice with hot water, dissolved in methyl alcohol, and reprecipitated by the addition of 
water. The amorphous product was dissolved in hot 50% acetone, from which it crystallised in 
colourless needles (7 g.), m. p. 78—80°. 

The glucoside was recrystallised from methyl alcohol and when first prepared had a constant 
m. p. 87—88° (Found : C, 52-3; H, 5-1; Ac, 48-9.* C,,H;,0,, requires C, 52-5; H, 5-0; 7Ac, 


* Kindly carried out by Dr. H. Roth of Heidelberg, using the Kuhn—Roth micro-method (CrO, 
oxidation and estimation of C,H,O, formed). Derivatives of polyhydric phenols frequently give some- 
what high results. 
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47-0%). Laterasecond form, m. p. 141—142°, was obtained and it was then found that the low- 
melting form always passed into the high-melting form when its solution was seeded with the 
latter or was boiled for several minutes to remove all traces of solid before cooling. The reverse 
process could not be brought about and no intermediate m. p.’s were observed. Both forms had 
the same rotation, [«] if; green = — 26-0° (¢c = 2-000), in chloroform. 

The same phenomenon has been observed by Mr. J. Resuggan in the case of w-tetra-acetyl-8- 
d-glucosidoxy-3 : 4-diacetoxyacetophenone, which was described by Murakami, Robertson, and 
Robinson (J., 1931, 2668), m. p. 105—105-5°, and has now been obtained in a second form, 
m. p. 147°. 

3-8-Glucosidyldelphinidin Picrate-—A solution of w-tetra-acetyl-8-d-glucosidoxy-3 : 4 : 5-tri- 
acetoxyacetophenone (5 g.) and 2-O-benzoylphloroglucinaldehyde (Léon, Robinson, and Ses- 
hadri, J., 1931, 2682) (4 g.) in pure dry ethyl acetate (170 c.c.) was cooled to 0° and saturated 
with dry hydrogen chloride. A considerable proportion of the benzoylphloroglucinaldehyde 
crystallised, but dissolved again slowly; after being kept for 6 days in the refrigerator, the deep 
red solution was diluted with dry ether, and the dark red precipitate collected and washed with 
ether (5-5 g.). 

Crude benzoylacetylglucosidyldelphinidin chloride (2-5 g.) was dissolved in 0-5% methyl- 
alcoholic hydrogen chloride (15 c.c.) ina flask fitted with a dropping-funnel and with an inlet and 
an outlet tube; the latter was attached to a wash-bottle containing alkaline pyrogallol; the 
dropping-funnel also was fitted with inlet and outlet tubes. Air was removed from the apparatus 
by means of a stream of oxygen-free, dry hydrogen (alkaline pyrogallol; calcium chloride) and a 
methyl-alcoholic solution of anhydrous barium hydroxide (70 c.c., approx. 6%) was placed in the 
dropping-funnel (rendered air-free in the same way) and then run into the flask. The solution 
immediately became deep violet-blue and a blue precipitate separated; the appearance of the 
mixture remained unchanged throughout the experiment. The contents of the flask were stirred 
for 6 hours by means of a current of hydrogen and were then acidified by the addition of air-free 
methyl-alcoholic sulphuric acid (30 c.c.; previously titrated against the methyl-alcoholic barium 
hydroxide). The deep red solution was freed from barium sulphate by centrifuging and gluco- 
sidyldelphinidin chloride was precipitated by the addition of dry ether, collected, and washed 
with ether. The crude product was dissolved in hot 0-1% aqueous hydrochloric acid (40 c.c.), 
filtered, and hot 1% aqueous picric acid (100 c.c.) added. The well-crystallised picrate which 
separated was dried, triturated with ethereal picric acid until free from delphinidin picrate, and 
then recrystallised once from 0-5% aqueous picric acid. A specimen was recrystallised thrice 
from 0-5% aqueous picric acid and then washed well with ether (Found : loss in a high vacuum 
at 105°, 6-1. Found in dried material : C, 47-1; H, 3-1; N, 6-3. C,,H,,;0,,N3,2-5H,O requires 
H,O, 61%. C,;H,30,,N; requires C, 46-8; H, 3-3; N, 6-1%). 

3-8-Glucosidyldelphinidin Chloride (IV).—The purified 3-8-glucosidyldelphinidin picrate from 
the above experiment was decomposed by the addition of cold 1% methyl-alcoholic hydrogen 
chloride (40 c.c.). Part of the chloride separated and the remainder was precipitated by the 
addition of ether. It was thrice recrystallised by dissolving it in hot 0-5% aqueous hydrochloric 
acid, filtering, and adding sufficient 25% ethyl-alcoholic hydrogen chloride to the cooled solution 
to bring the concentration of acid to 5%. Deep purple, microscopic crystals separated over-night. 
The solubility decreased markedly with increasing purity and 300 c.c. of hot aqueous 0-5% 
hydrochloric acid were required for the final recrystallisation (yield of pure material, 0-6 g.). 
The hot aqueous solutions of picrate and chloride were filtered each time through fine filter-paper, 
as it was difficult to remove the last traces of barium sulphate; this fact rendered valueless the 
figures for intermediate yields (Found in material dried in a vacuum over phosphoric oxide at 
room temperature: C, 46-4; H, 4-6; Cl, 11-7. C,,H,,0,,Cl,H,O,0-8HCI1 requires C, 46-1; 
H, 4-4; Cl, 11-5%. Found: loss on drying in a high vacuum at 105°, 6-2%. Found in dried 
material: C, 49-8; H, 4-4; Cl, 10-5. C,,H,,0,,Cl + C,H. 90,,Cl, requires C, 49-4; H, 4-1; 
Cl, 10-4%). Crystallisation with attached hydrogen chloride is a common property of antho- 
cyanins and is the cause of much difficulty in interpreting the analyses. In the present case some 
of the hydrogen chloride is “‘ fixed ’’ on drying, probably by Cl replacing OH. The total loss was 
6:2%, of which 2-0% was found to be HCl. Therefore the loss due to H,O was 4-2% and 1H,O 
requires only 3-3%. This supports the theory of replacement of hydroxyl by chlorine on drying. 

The pure 3-glucosidyldelphinidin chloride was only very slightly soluble in 1% methyl- 
alcoholic hydrogen chloride and practically insoluble in ethyl-alcoholic hydrogen chloride. 

The distribution number (isoamyl alcohol and equilibrated 0-5% hydrochloric acid) was 
determined by the standard method. The weights indicated are those of pigment in 50 c.c. of 
the mixed solvents: 4-13 mg., 9-7; 4:5 mg., 9:3; 5-05 mg., 8-7; 5-51 mg., 8-2; 6-0 mg., 7-7. 
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These results show a concentration effect, but the graph log Cw/log Ca, is not a straight line. 
It would appear that, over the range examined, the degree of association is increasing in the 
aqueous layer and that some triple molecules are formed. 

The absorption spectrum was examined in a cell of 20 mm., a solution of the delphinidin 
glucoside (1-18 mg.) in 0-1% methyl-alcoholic hydrogen chloride (100 c.c.) being used. 

The colour reactions in solutions of graded pq were the following (Robertson and Robinson, 
Biochem. J., 1929, 28, 35): the solution in faintly acid methyl alcohol (5 mg. in 20 c.c.) was 
considerably bluer than an equivalent one : é, : - 
of chrysanthemin chloride, (a) 0-5% 
hydrochloric acid, rather bluish salmon- 
red, bluer than chrysanthemin, (1) cherry- 
red, fading; (3) bluer cherry-red, fading 
more rapidly; (5) reddish-violet; (7) 
browner reddish-violet ; (9) still browner ; 
(11) reddish-mauve, no great change; 
(13) rich bluish-violet, fading rapidly to 
slate, smoky grey, yellow; (15), (16), the 
same, colour changes increasing rapidity ; 
(17) blue, fades at once to nearly colour- 
less and then brownish-yellow. 

Chrysanthemin is much redder in the 
whole series but (17), fairly stable blue. 

After 1 hour: (1) faded a little; (3) 
much faded, redder than (5); (5) faded 
violet; (7) and (9) brownish-violet; (11) 0 . — 1 . , , i 
faded brown; (13), (15), (16), (17), brown- 4600 Nivetength 5600 6000 
yellow. 

After 24 hours: (1), (3), (5) as after 1 hour; (7) pale dull violet; (9) brownish-violet; (11), 
(13), (15), (16), (17) pale brownish-yellow. (1) had about one-third of the intensity of (a) which 
was unchanged. Addition of concentrated hydrochloric acid gave about 75% recovery of 
colouring matter in (1), (3), (5), (7), and (9); (11) very faint pink; (13)—(17), no recovery. 

When the methyl-alcoholic solution was added to saturated aqueous sodium carbonate, a blue 
colour was produced; this quickly changed to dirty green and then yellow. Saturated sodium 
acetate gave a very blue shade of violet. 

When a solution at pg 4-6 was heated, rapid full decoloration occurred; addition of hydro- 
chloric acid caused full regeneration of the colour. But with decoloration at py 11-0, the destruc- 
tion of pigment was rapid ; acidification immediately after full decoloration (loss of blue shade in 
brownish-violet) gave only a trace of recovered anthocyanin. 
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219. The Influence of Substituents on the Mercuration of Coumarins. 
By Kuverji G. NAIk and AMBALAL D. PATEL. 


MERCURY acetamide, which has been used as a mercurating agent for compounds con- 
taining a reactive methylene group (Naik and Shah, J. Indian Chem. Soc., 1931, 8, 29), 
is effective also in the mercuration of coumarins. It does not attack these directly, but only 
after the action of 5% sodium hydroxide solution upon them. The course of the reaction 
with coumarin may be represented by the scheme on p. 1044. 

Mercury acetamide has thus been made to react with the following substances (the 
numbers in parentheses indicate the compounds referred to in the tables) : (1) coumarin, 
(2) 7-hydroxy-4-methyl-, (3) 7-amino-4-methyl-, (4) 4: 7-dimethyl-, (5) 5 : 6-dihydroxy-4- 
methyl-, (6) 6-hydroxy-4-methyl-, (7) 6-nitro-, (8) 4: 6-dimethyl-, (9) 4: 8-dimethyl-, 
(10) 7-hydroxy-4 : 5-dimethyl-, (11) 7-hydroxy-4-methy]l-3-allyl-, (12) 7-hydroxy-3-benzyl- 

3Z 
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4-methyl-, (13) 7-hydroxy-4-phenyl-, (14) 3-carbethoxy-, (15) 3-acetyl-, (16) 3-benzoy]l- 
coumarin, (17) ketodicoumarin, (18) thiocoumarin, (19) 6-methyl-1 : 2-«-naphthapyrone, 
Hg-O-C(NH)-CH, 


[CH,°C(NH)-O"},Hg 
O 5%NaOH OH > OH 
feu CH:CH:-CO,Na CH,°C(NH)-O-H H°CH:-CO,Na 
-H 





| svat 


HO-Hg 0 Hg-OH 


co — NaOH H 
HO-H JL <—— HO-H H:CH:CO,Na 
H 


(20) 6-methyl-3 : 4-8-naphthapyrone. The effect of substituents in the coumarin ring on 
their mercuration is well marked. When the oxygen of the carbonyl group is replaced 
by sulphur, mercuration takes place in alcoholic solution without the aid of alkali. Coum- 
arins containing a carbethoxy- or a carbomethoxy-group in position 3 give dimercury 
derivatives, but those containing a benzoyl group or CO-C,H,O, (as in ketodicoumarin) in this 
position give only monomercurated compounds. Substituents in position 4 have scarcely 
any influence, dimercury derivatives being produced. When position 5 or 7 is occupied by 
a hydroxy- or an amino-group, dimercury derivatives are obtained, but 7-methylcoumarin 
gives a monomercury derivative only. When position 6 is substituted different products 
are obtained according to the nature of the substituent: with a methyl substituent, a 
monomercury derivative is obtained; a nitro-substituent is expelled and a monomercury 
derivative produced; a hydroxy-substituent is converted into O-Hg-OH. A coumarin 
with methyl in position 8 yields a monomercury derivative substituted in position 6. 
6-Methyl-1 : 2-«- and -3 : 4-8-naphthapyrone yield each only a monomercury derivative. 

All these compounds are more or less soluble in dilute sodium hydroxide solution. The 
carbon—mercury link is not broken by cold dilute hydrochloric acid. They do not give 
mercuric sulphide readily on treatment with hydrogen sulphide. Potassium iodide 
solution decomposes them with the quantitative liberation of alkali hydroxide. 

The bishydroxymercuri-compounds are converted into sulphatomercuri-derivatives 
(I) by 10% sulphuric acid, and their solutions in dilute aqueous sodium hydroxide give 
chloromercuri-derivatives (II) and mercaptomercuri-compounds (III) when treated with 
dilute hydrochloric acid and with carbon disulphide, respectively. 


Hg-OH HO-Hg HO-Hg 

o¢ 0 Y 
SO 

HCY ” a i an Oe: 


(I.) ' (II.) (III.) 

Mercuric acetate was made to react with solutions of the coumarins mentioned above 
in 5% aqueous sodium hydroxide. Its action on coumarin-6-sulphonic acid was also 
examined. The course of the reaction with coumarin is similar to that depicted above, 
the final product containing HgOAc in positions 6 and 8. 

On treatment with dilute hydrochloric acid and with hydrogen sulphide the bisacetoxy- 
mercuricoumarins give results similar to those obtained with the bishydroxymercuri- 
coumarins. Treatment with potassium iodide solution, however, liberates only two 
equivalents of alkali instead of four : 


CyH,0,(Hg-OAc), -+ 8KI + 2H,O “> C,H,0,(HgOAc) + K,HgI, + CH‘CO,K + 4KI + 
heated 
KOH + H,O —-> C,H,0, -+ 2K,Hgl, + 2CH,-CO,K + 2KOH. 


6 : 8-Bisacetoxymercuricoumarin, when treated with sodium thiosulphate solution, is 
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converted into a compound, CHO. 8 >CH,02 (IV), which readily gives a sulphato- 


mercuri-derivative (compare Dimroth, Ber., 1902, 35, 2853; Maynard, J. Amer. Chem. Soc., 
1924, 46, 1510; Pesci, Gazzetta, 1899, 29, 394). 

The effect of substituents on the mercuration of coumarins by mercuric acetate is, in 
general, similar to that in the case of mercury acetamide. The main differences are : 
(1) 6-nitrocoumarin yields 6 : 8-bisacetoxymercuricoumarin; so also does coumarin-6- 
sulphonic acid; (2) 3-acetyl-4-methylcoumarin gives a bisacetoxymercuri-derivative ; 
(3) 4-phenyl-3-allyl (or benzyl)coumarin yields a hydroxymercuri-acetoxymercuri-deriv- 
ative. Compounds of the last type, when treated with potassium iodide solution, liberate 
only three equivalents of potassium hydroxide. 6-Acetoxymercuri-4 : 7-dimethylcoumarin, 
similarly treated, liberates one equivalent of alkali. 

The constitutions assigned to the mercury compounds now described are based on the 
following considerations : 

(1) The mercury-containing substituent has not opened the ethylenic link, because 
(a) the behaviour of the compounds towards sodium carbonate and bicarbonate is like that 
of coumarin itself, (b) cinnamic acid, which contains a double bond in a similar position, 
is not mercurated when similarly treated (Biilmann, Ber., 1902, 35, 2576; 1910, 43, 574), 
and (c) the compounds decolorise potassium permanganate solution as do the coumarins. 

(2) The mercury atom has entered the nucleus, because (a) all attempts to mercurate 
coumarin directly failed, but when the hydroxyl group was generated by means of 5% 
sodium hydroxide solution, the phenolic compound was mercurated at once. A phenolic 
hydroxyl group not only facilitates mercuration, but also appears to exert an orienting 
influence (Mameli, Gazzetta, 1922, 52, i, 352; ii, 18, 23, 113; 1926, 56, 948), mercur- 
ation taking place in the #- or o-positions to it: these become positions 6 and 8 when the 
coumarin ring is formed. That the mercury is in positions 6 and 8 is further proved by 
the facts that coumarins with a substituent in position 5 or 7 give dimercurated compounds, 
whereas those with a substituent in position 6 or 8 give only monomercurated derivatives. 
(b) From a study of known mercury compounds, such as those of allocinnamic acid, it 
appears that the mercury atom in the nucleus is not removed by dilute hydrochloric acid 
or hydrogen sulphide (Whitmore, ‘‘ Monograph on Mercury Compounds”’). (c) The 
reaction of the compounds with potassium iodide solution is of the same type as that of 
the mercurated phenols (Whitmore, of. cit.). (d) Iodination of dimercurated coumarin 
gave a tri-iododihydrocoumarin, which on oxidation furnished 3 : 5-di-iodosalicylic acid. 

From the following facts, it appears that the mercury-containing substituent in position 
6 is more reactive than that in position 8: (a) the reaction of a bishydroxymercuricoumarin 
with potassium iodide solution liberates two equivalents of potassium hydroxide in the 
cold and two more on heating; (5) in the reactions with carbon disulphide, dilute hydro- 
chloric acid, and 10% sulphuric acid, only one of the two substituents is attacked; (c) 
6-nitrocoumarin on mercuration is converted into 6-hydroxymercuricoumarin. 


EXPERIMENTAL. 


The coumarins required for the work were prepared mostly by the condensation of phenols 
with 8-ketonic esters in presence of sulphuric acid; a few were obtained by the condensation of 
salicylaldehyde with 6-ketonic esters in presence of piperidine. For the preparation of 7-hydr- 
oxy-3-allyl- and -3-benzyl-coumarin phosphorus oxychloride was used as condensing agent, with 
excellent results (Naik and Trivedi, J. Indian Chem. Soc., 1929, 6, 801). 

6 : 8-Bishydroxymercuricoumarin.—Coumarin (2 g.) was dissolved in 5% sodium hydroxide 
solution (100 c.c.), and the excess of alkali neutralised with dilute acetic acid. The yellow 
precipitate obtained on addition of a solution of mercury acetamide (Scholler and Schrauth, 
Ber., 1909, 42, 784) (10 g.) in water was washed with water, alcohol, and ether (Table I, 
No. 1). 

6 : 8-Bishydroxymercuricoumarin is insoluble in most organic solvents, but dissolves in dilute 
aqueous sodium hydroxide. A suspension (0-3365 g.) in water (50 c.c.) was treated with a 
solution of potassium iodide (3 g.), and the liberated alkali titrated (phenolphthalein) against 
0-0686N-hydrochloric acid; in the cold 1-90 equivs., and after heating a further 2-05 equivs., 
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The total of 3-95 equivs. indicates that the rupture of the C—Hg link was 


were neutralised. 
complete. 

The addition of dilute hydrochloric acid to a solution of the mercury compound in aqueous 
hydroxide gave a white bulky precipitate, consisting of the chloromercuri-compound (II), 
which was washed with water and alcohol (Found : Cl, 6-3. C,H,;O,;Hg,Cl requires Cl, 5-9%). 

Heated for } hour in 10% sulphuric acid, the mercuration product gave a white precipitate, 
the sulphatomercuri-compound (I), which was washed with water and alcohol (Found: S, 2-9. 
C1 gHy9O,9Hg,S requires S, 2-65%). 

A few drops of carbon disulphide were added to an alkaline solution of the mercuration 
product, the mixture was shaken for a few minutes, and the excess of alkali neutralised with 
dilute acetic acid. The yellow precipitate obtained (Table III, No. 1) was washed with 
water, alcohol, and ether. 

The mercuration product was heated with 0-1N-iodine for 15 minutes. The brown precipitate 
formed was crystallised from alcohol (Found: I, 71-9. C,H;O,I, requires I, 72-4%) and 
oxidised with alkaline potassium permanganate; 3: 5-di-iodosalicylic acid, m. p. 220—222°, 
was produced. 

6-Hydroxymercurithiocoumarin.—Thiocoumarin (1 g.), dissolved in alcohol, was treated with 
an alcoholic solution of mercury acetamide (5 g.). The yellow product (Table I, No. 18) was 
washed with hot water, alcohol, and ether. 

6 : 8-Bisacetoxymercuricoumarin.—Mercuration of coumarin with mercuric acetate was 
carried out in aqueous solution through the neutral sodium salt. The yellow precipitate (Table 
II, No. 1) was washed with alcohol and ether. It was in solublein all organic solvents, but 
soluble in dilute sodium hydroxide solution. 

Its suspension (0-516 g.) in water was treated with a solution of potassium iodide (2 g.) and 
the liberated alkali was titrated against 0-0492N-hydrochloric acid; in the cold 15-5 c.c., and 
hot, a further 17-5 c.c., of the acid were required. In all, 2-03 equivs. of the alkali were liberated, 
indicating the complete rupture of the C—Hg link. 

The bisacetoxymercuri-compound (1 g.), suspended in a solution of sodium thiosulphate, 
was heated for } hour, and kept for 8 days. The black precipitate which had formed was 
removed, and the filtrate boiled for 2 hours. The red precipitate (IV) thus produced was 














TABLE I. 
Reaction Products of Coumarins and Mercury Acetamide. 
Temp. 
of colour % Hg % Hg 
No. Coumarin derivative produced. Formula. Colour. change. found. calc. 
1 6: 8-Bishydroxymercuri- C,H,O,Hg, Yellow 225° 4696 69:2 
2 7-Hydroxy-6:8-bishydroxymercuri- C,,H,O;Hg, Orange 270 65:3 65°7 
4-methyl- 
3 7-Amino-6: 8-bishydroxymercuri- C,9H,O,NHg, Deep red 253 654 65°8 
4-methyl- 
4 6-Hydroxymercuri-4 : 7-dimethyl- C,,H,,0,;Hg Light yellow 261 52°00 = 413 
5  5-Hydroxy-6-oxyhydroxymercuri- C,,H,O,Hg, Deep yellow 160 64:2 64:1 
8-hydroxymercuri-4-methyl- 
6 Oxyhydroxymercuri-4-methyl- C,,H,O,Hg Brown 218 50-4 51:0 
7  6-Hydroxymercuri- 9H,O,Hg Yellowish-brown 218 55°4 55-2 
8  8-Hydroxymercuri-4 : 6-dimethyl- C,,H,,0,;Hg Light yellow 198 511 51°3 
9  6-Hydroxymercuri-4 : 8-dimethyl- 11H,,0;Hg Yellowish-brown 243 50°9 51:3 
10 7-Hydroxy-6: 8-bishydroxymercuri- C,,H,,0;Hg, Buff — 64:8 64-4 
4; 5-dimethyl- 
11 7-Hydroxy-6:8-bishydroxymercuri- C,,H,,0O;Hg, Deep orange-red — 62-2 61°8 
4-methyl-3-allyl- 
12 7-Hydroxy-6: 8-bishydroxymercuri- C,,H,,0;Hg, Deep red 272 56°8 57:2 
3-berizyl-4-methyl- 
13. +7-Hydroxy-6: 8-bishydroxymercuri- C,;H,,O;Hg, Deep red 260 59°3 59°7 
4-phenyl- 
14 6: 8-Bishydroxymercuri-3-carboxy- C,,H,O,Hg, Lemon-yellow 251 65°0 64:3 
15 6: 8-Bishydroxymercuri-3-acetyl- C,,H,0;Hg, Yellow — 64°1 64°5 
16 6-Hydroxymercuri-3-benzoyl- C,,.H,,O,Hg Deep yellow 230 42°8 42:4 
17. ‘6: 6’-Bishydroxymercuriketodi- 19H ,0,Hg, Yellow 235 53°6 = 533 
18 6-Hydroxymercuri-thio- C,H,O,SHg Yellow -- 52-7 §2°9 
19 Hydroxymercuri-6-methyl-1:2-a- C,,H,O;Hg Light red 161 476 47:0 
naphthapyrone 
20 Hydroxymercuri-6-methyl-3:4-8- C,,H,,O,;Hg Light yellow 188—198 47:4 47:0 


naphthapyrone 
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TABLE II. 
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Reaction Products of Coumarins and Mercuric Acetate. 





Decom- %Hg % Hg 
No. Coumarin derivative produced. Formula. Colour. position. found. calc. 
1 6: 8-Bisacetoxymercuri- C,3H,,0,Hg, Yellow 248° 60°85 60°5 
2 ae : 8-bisacetoxymercuri- C,,H,,0,Hg, Deep yellow 208 586 57°9 
4-methyl- 
3 7-Amino-6 : 8-bisacetoxymercuri- C,4H,;0,NHg, Deep red 270 3=58°45 =—57°9 
4-methyl- 
4 6-Acetoxymercuri-4 : 7-dimethyl- C,;H,,0,Hg Faint pink — 46-1 46:3 
5 5-Hydroxy-6-oxyacetoxymercuri- C,,H,,0,Hg, Deep yellow 145 56°9 = 565 
8-acetoxymercuri-4-methyl- 
6 6: 8-Bisacetoxymercuri- C,3H,,O,Hg, Yellow -- 59°85 60°5 
7  6-Oxyacetoxymercuri-4-methyl- C,,H,;,0;Hg Brown 230 456 46:1 
8  8-Acetoxymercuri-4: 6-dimethyl C,3H,,0,Hg Yellowish 238 4860 46°77 = 463 
9  6-Acetoxymercuri-4 : 8-dimethyl- C,3H,,0,Hg —_ — 466 463 
10 7-Hydroxy-6: 8-bisacetoxymercuri- C,;H,,0;,Hg, Yellow 210 56°9 566 
4; 5-dimethyl- 
11 7-Hydroxy-6-hydroxymercuri-8- C,;H,,0,Hg, Orange-yellow 212 584 9-579 
acetoxymercuri-4-methyl-3-allyl- 
12. 7-Hydroxy-6-hydroxymercuri-8- CypH,;,0,Hg, Deep red — 546 54:05 
acetoxymercuri-3-benzyl-4-methy]- 
13. 7-Hydroxy-6-hydroxymercuri-8- C,,H,,0,Hg, Deep red — 558 = 562 
acetoxymercuri-4-phenyl- 
14 6:8-Bisacetoxymercuri-3-carboxy- C,,H,,O,Hg, Yellow 260 57°70 56°65 
15 6: 8-Bisacetoxymercuri-3-acetyl- C,;H,,0,Hg, Yellow 215 574 56°8 
16 6-Acetoxymercuri-3-benzoyl- isH,,0,;Hg Deep yellow 190 39°22 393 
17 6: 6’-Bisacetoxymercuriketodi- C,3H,,0,Hg, Yellow 192 475 479 
18 6-Acetoxymercuri-thio- 11H ,0,SHg Pink 252 #479 47°6 
19 Acetoxymercuri-6-methyl-1 : 2-a- C,.H,,0,Hg Light red 220 «42:1 8 42°7 
naphthapyrone 
20 Acetoxymercuri-6-methyl-3 : 4-f- C,,H,,0,Hg Light yellow 196 42:3 42°7 
naphthapyrone 
21. +6: 8-Bisacetoxymercuri- Cy3H,0,Hg, Yellow _ 61:0 60°5 
(from coumarin-6-sulphonic acid) 
TABLE III. 
Reaction Products of Mercurated Coumarins (Table I) and Carbon Disulphide. 
Decom- %S %S 
No. Coumarin derivative produced. Formula. Colour. position. found. calc. 
1 6-Mercaptomercuri-8-hydroxy- C,H,O,SHg, Yellow 182° 53 5:4 
mercuri- 
2 7-Hydroxy-6-mercaptomercuri- C,)9H,0,SHg, Deep red 187 485 5°10 
8-hydroxymercuri-4-methyl- 
16 6-Mercaptomercuri-3-benzoyl- CigH,O;SHg Red — 6°9 6°6 
17 6: 6’-Bismercaptomercuriketodi- Cy9Hy.0;S.Hg, —_ a 85 8:2 
19 Mercaptomercuri-6-methyl- C,4H,)0,SHg — a bi 73 


1 ; 2-a-naphthapyrone 


collected, washed with alcohol, and dried. 
C,,H,O,Hg, requires Hg, 58-1%). 

Action of Iodine on 7-Hydroxy-6 : 8-bisacetoxymercuri-4-methylcoumarin.—The compound 
(1 g.), suspended in water (50 c.c.), was treated slowly with a solution of iodine and heated until 
no further absorption was observed. The product, crystallised from alcohol, melted at 172° 
(Found : I, 68-6. C,)H,O,I, requires I, 68-5%). 

6-A cetoxymercurithiocoumarin.—When alcoholic solutions of thiocoumarin (1 g.) and mer- 
curic acetate (5 g.) were mixed, a pinkish precipitate (Table II, No. 18) separated; it was 
washed with alcohol and ether. 


It became black at about 195° (Found: Hg, 58-5. 
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220. Physicochemical Studies of Complex Formation involving Weak 
Acids. Part X. Complex Formation between Tartaric Acid and 
(a) Arsenic Acid, (b) Arsenious Acid, (c) Antimonous Hydroxide, 
in Acid and Alkaline Solutions. The Dissociation Constants of 
Arsenious and Arsenic Acids. 
By H. T. S. Britton and PATRICIA JACKSON. 


ALTHOUGH it has long been known that complex tartrates of the tartar emetic type, 
R(XO)C,H,O, (R = NH,, Na, K; X = As", Sb"), exist, and that in solution they 
have much higher rotatory powers than their corresponding alkali hydrogen tartrates, 
their nature is still in doubt. Hiadrich (Z. physikal. Chem., 1893, 12, 494; see also Svan- 
berg, Medd. K. Vetenskapsakad. Nobel-Inst., 1918, 3, No. 26, 1) attempted to establish 
the mode of ionisation of tartar emetic in solution by determination of the equivalent 
conductivity at different dilutions, but found that A499, — Agg = 42. Svanberg states 
that the antimonyl tartrate complex is not appreciably hydrolysed. Kahlenberg (Z. 
physikal. Chem., 1898, 17, 603) concludes from the conductivities of potassium arsenyl 
tartrate solutions that dilution causes considerable hydrolysis. Landolt (Ber., 1873, 6, 
1077) finds that in alkaline solutions the rotatory powers of potassium and sodium arsenyl 
tartrates are very similar to those of the corresponding normal alkali tartrates, and 
concludes that the complex tartrates must be decomposed into the alkali arsenite and 
tartrate. Grossmann (Z. physikal. Chem., 1906, 57, 533) found that tartar emetic solutions 
became levorotatory on being made alkaline, and attributed this to displacement of the 
hydrogen atoms of the alcoholic groups. With either sodium hydrogen carbonate or 
carbonate the rotation is smaller, but it never becomes levorotatory. 

Lowry and Austin (Phil. Trans., 1922, A, 222, 249) state that, regarded from the 
standpoint of Drude’s equation, the rotatory dispersion of tartar emetic is definitely 
“simple,” whereas “ complexity ”’ is strongly developed in tartaric acid and its esters. 

Although Pelouze (Ann. Chim. Phys., 1842, 6, 63) prepared a complex tartrate 
involving quinquevalent arsenic, viz., K(AsO,)C,H,O,,24H,O, no enquiry into its possible 
complex nature has been made. The structure of complex salts of the emetic type has 
been the subject of much conjecture (see, ¢.g., Reihlen and Hezel, Annalen, 1931, 487, 213). 


Dissociation Constants of Arsenic and Arsenious Acids.—Before commencing our investig- 
ation, we determined the dissociation constants of these two acids by glass electrode titration. 
The existing knowledge of their mode of ionisation is scanty, probably owing to the difficulty 
of determining hydrogen-ion concentrations of arsenical solutions. The difficulty is now 
removed by the introduction of the glass electrode, and Hughes (J., 1928, 491) has used it to 
measure the pg values at 25° at half-neutralisation of the second stage of arsenic acid, viz., 
6-70, and of the first stage of arsenious acid, viz., 9-07. As the solutions were 0-025M, it 
follows that px, of H;AsO, = 6-70, and px, of H,;AsO, = 9-07. Using indicators, Goldfinger 
and Schweinitz (Z. physikal. Chem., 1932, B, 19, 219) find the latter value to be 9-4 + 0:3, 
whereas, by making spectroscopic determinations of the ion concentrations of solutions of 
arsenious oxide in alkali of various concentrations, they find pg, = 3 xX 10°* (1—6 x 10"). 
Conductivity has led to widely differing results for arsenious acid; e.g., Wood (J., 1908, 93, 415) 
and von Zawidzky (Ber., 1903, 36, 1429) found 2-65 x 10° and 2-1 x 10° respectively at 25°. 
For arsenic acid, Luther (Z. Elektrochem., 1907, 13, 294), by means of electrical conductivity 
at 25°, obtained.the value 5 x 10° for K,, whereas Washburn (J. Amer. Chem. Soc., 1908, 30, 
31; 1913, 35, 681) found 48x 10°. The latter stated that K, and K; for arsenic acid were 
probably lower than the respective values for phosphoric acid, whereas Blanc (J. Chim. 
physique, 1920, 18, 28) calculated K, = 4 x 10° and K; = 6 x 10° from conductometric 
titration curves. 

Table I gives data obtained by titrating a solution of arsenic acid with sodium hydroxide 
at 18° by means of the glass electrode and the ballistic galvanometer circuit. The pg and px 
values calculated therefrom (see Britton, ‘‘ Hydrogen Ions,’’ 1932) are recorded for each 
successive addition of 0-125 equiv. of alkali. The titration curve is very similar to that of 
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TABLE I. 
Titration of 100 c.c. of 0°01214M-H,AsO, with 0:°0995N-NaOH. 
NaOH, equivs. 0-125. 0-250. 0-375. 0-500. 0-625. 0-750. 


First stage of neutralisation. 

2°42 2°52 2°62 j 2°98 

2-29 2°28 2°23 ; 2°25 
Mean px, = 2°25; K, = 5°62 x 10°. , 


Second stage of neutralisation. 

6°31 6°56 6°75 

6°78 6°78 6°75 
Mean px, = 6°77; K,= 1°70 x 10-7. 


Third stage of neutralisation. 
10°51 10°83 11-04 11-22 11°36 11°45 11°55 
11°51 11°49 11-49 11°54 11°58 11°55 11°58 


Mean pa, = 11°53; K,; = 2°95 x 1077, 


phosphoric acid and contains two well-defined inflexions corresponding with the formation of 
the mono- and the di-sodium salt. The value of K, is slightly higher than those obtained by 
Luther and Washburn. That of K, is in agreement with the single measurement of Hughes, 
and also shows that, evidently owing to weakness of the ionisation, Blanc’s value is in error. 
Arsenious acid on titration with alkali behaves as a very weak monobasic acid, the salt 
NaH,AsO, being formed. This is marked by an inflexion. The titration curve is almost 
identical with that of boric acid. Further addition of alkali gives strongly alkaline solutions, 
the pq values of which cannot be determined by means of the glass electrode with sufficient 
accuracy to permit of the calculation of K,and K;. In any case these constants are extremely 
small, much smaller than 10- (cf. Goldfinger and Schweinitz), and consequently the secondary 
and tertiary arsenites are considerably hydrolysed in solution. Table II gives px, values based 
on the pq values obtained during glass-electrode titrations at 18° using (i) the ballistic galvano- 
meter circuit, and (ii) the thermionic electrometer valve circuit (Harrison, J., 1930, 1530). 
The two methods gave almost identical values, although the use of the condenser-ballistic 


TABLE II. 
Glass electrode titrations of 
(i) 100 c.c. of 0-01704M-H,AsO, with 0-0995N-NaOH (ballistic galvanometer) ; 
(ii) 50 c.c. of 0-09135M-H,AsO, with 0-2005N-NaOH (electrometer triode). 


NaOH, equivs. 0°125, 0°25. 0°375. 0°5. 0°625. 0°75. 0°875. 
8°42 8°77 9°04 9°28 9°50 9°74 10°06 
9°25 9°26 9°28 9°28 9°26 9°21 
Mean px, = 9°26; K,= 5°50 x 1077, 
8°74 9°02 9°26 9°49 9°71 10°06 
9°22 9°24 9°26 9°27 9°23 9°21 
Mean pg, = 9°23; K, = 5°89 x 10-7, 


galvanometer involves the extraction of a little current from the cell during the charging of 
the condenser, whereas the use of the valve enables measurements to be made on open circuit. 
Polarisation errors inherent in the condenser method are apparently compensated for by the 
fact that the calibration of the electrode is carried out under exactly parallel conditions. 

Whereas the mean value, 5-7 x 10-'°, for K, for arsenious acid is a little smaller than that 
indicated by Hughes’s pg value and a little larger than that recorded by Goldfinger and 
Schweinitz, it is very different from the values found by means of conductivity by Wood and 
von Zawidzky. 

The Alleged Complex Formation between Quinquevalent Arsenic and Tartaric Acid.—In view 
of the fact that a complex salt has been reported by Pelouze (/oc. cit.), it was thought possible 
that arsenic pentoxide would affect the rotatory power of tartaric acid in the course of its 
neutralisation with sodium hydroxide. A series of solutions corresponding with different 
stages in the neutralisation of 0-1M-tartaric acid + 0-1M-arsenic acid was investigated at 25°. 
In every case the observed rotation was equal to that caused by the tartaric acid at 
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the particular stage of neutralisation. It is therefore unlikely that complex formation 
occurs (cf. Henderson and Ewing, J., 1895, 67, 102), although no electrometric work has been 
carried out. As Pelouze’s salt was prepared by the dissolution of arsenic oxide in potassium 
hydrogen tartrate, it seems probable that arsenic acid is sufficiently strong to displace tartaric 
acid thus: KHT + H,AsO,—> KH,AsO, + H,T, so that, unless care was taken, crystallis- 
ation would yield an equimolecular mixture of the primary arsenate and tartaric acid. Such 
a mixture would have the composition K(AsO,)C,H,O,,2H,0, 1.e., very nearly that of Pelouze’s 
salt. 

Solutions of Tartaric Acid and Arsenious Acid.—Rotatory power. For the purpose of study- 
ing the effect of arsenious oxide on the rotatory power of solutions of tartaric acid during its 
neutralisation at 25° with sodium hydroxide, five series of solutions, neutralised to different 
extents, were prepared; each was 0-1M with respect to the initial tartaric acid and either 
0-025, 0-05, 0-075, 0-1, or 0-1775M with respect to arsenic. The molecular rotations [M]%;, 
(? = 4 dm.) shown in Table III are calculated on the basis of the original tartaric acid concen- 
tration. As shown in Part VIII (this vol., p. 1000), [M] = apg. [lc = ans, /4 X 0-1. 





TABLE III. 

Effect of Arsenious Acid on the Rotation of Tartaric Acid during Neutralisation. 
{H,T] = 0-1 0-1 0-1 0-1 0"1 0-1 
[H;AsO,] = 0 0-025 0°05 0°075 0°10 0°1775 

[NaOH] 
[HT] ° 
0 2°60° 2°56° 2°87° 2°92° 3°21° 3°72° 
0°25 3:07 3°82 4°40 
0°5 3°75 5°37 6°92 
0°75 4°52 6°90 9°15 16°57 
1-00 5°10 5°67 7°87 10°42 12°82 18°49 
1°25 16°17 
1:50 5°88 6°47 7°35 8°87 
1°75 
2-00 7:00 6°87 6°72 6°42 6°20 8°60 
2°258 5°62 
2°50 7:00 6°97 7-02 6°75 6°51 5°80 
2°75 
3°00 7°00 7:02 6°96 7:00 6°15 
3-775 
4:00 7:00 7:00 7°00 6°90 
4:50 7-02 
5:00 7:00 


Owing to complex formation, boric acid is much more soluble in solutions of tartaric acid 
than in water. The solubility of arsenious and antimonous oxides is similarly increased, but 
not to such an extent. Arsenious oxide, like boric acid, increases the rotations of tartaric 
acid, as shown by the data in the first line of Table III. The curves given in Fig. 1, marked 
with the ratios of [H,AsO,]/[H,T], show, with the exception of the 0-25 graph, that maximum 
rotations are produced when 1 equiv. of alkali is present. The heavy line, marked 0, represents 
the neutralisation of tartaric acid, and it will be observed that in the 0-25 graph somewhat 
higher rotations were given with 1—2 equivs. of alkali. The maximum rotations shown in 
Table III reveal that the rotation of 0-1M-sodium hydrogen tartrate is increased 2-51 times 
(from 5-10° to 12-82°) by the inclusion of 1 mol. of arsenious acid in the solution. By using 
larger proportions of the acid greater rotations are realised, but the relative increases per mol. 
of acid are smaller, being 1-98 for 2 mols. (20-25°) and 1-36 for 4 mols. (27-85°). This is seen 
more clearly by means of the curve marked As in the inset in Fig. 1. The shape of the curve 
suggests that the reaction might be expressed by equilibria governed by the equation 2NaHT + 
As,O, == Na,(As,0;)(HT),, or perhaps 2NaHT + As,O, == 2Na(AsO)T + H,O. 

Another interesting point is that the solutions containing 2 equivs. of sodium hydroxide 
are less dextrorotatory than those of sodium tartrate alone. With larger amounts of arsenious 
oxide than are recorded in Table I, the rotations become still lower, ¢.g., with 3-705 mols. it is 
4-67°. (At this stage the complex solutions are of minimum stability; in fact, with more 
concentrated tartrate solutions, arsenious oxide is precipitated when this proportion of alkali 
has been added.) 

Addition of alkali beyond 2 equivs. causes a linear increase in rotation until, at the stage 
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corresponding to NaH,AsO,, it is equal to that of the alkaline solution of sodium tartrate 
alone. This is clearly due to the extreme weakness of the second and third stages of ionisation 
of arsenious acid. Incidentally, the fact that arsenious is a weaker acid than tartaric acid in 
either of its two stages shows that the increased solubility of arsenious oxide in sodium hydrogen 
tartrate solutions cannot be attributed to a normal acid-base reaction as had been previously 
suggested in the case of arsenic oxide. 

Electvometric measurements. These are illustrated in Fig. 2. The upper curves represent 
conductometric titrations of 75 c.c. of 0-1M-tartaric acid + *M-arsenious acid solutions 
with 0-2771N-sodium hydroxide at 25°. 
The lowest curve during the first half 
of the neutralisation, and ending with ~ 
a “break” with 2 equivs. of alkali, is SA 
that of tartaric acid alone. In order 
of increasing conductivity are the / 2 
curves for which x = 0-025, 0-05, 0-075, 
and 0-1775. 

It is seen that arsenious acid, 
although its conductivity in aqueous 
solution is negligible compared with 
that of a 0-1M-tartaric acid solution, 
increases the conductivity of the latter ; 
with 0-25 and 0-5 mol. of arsenious 
acid the increases are too small to be 
measured; with 0-75 mol. the increase 
is 0-1 x 10° mho, and with 1-775 
mols. it is 0-66 x 10 mho. Never- 
theless, the increased strength of the 
complex acid makes itself apparent in 
the first haives of the titration curves. 
When I equiv. of alkali has been added, 
i.e., corresponding with 

NaHT,#H,AsO,, 
the specific conductivities all become 
equal and continue so until 2 equivs. 
of alkali have been added. With 
further alkali the first stage of ionis- 
ation of arsenious acid undergoes 
neutralisation which is terminated by 
“ breaks,’’ followed by lines having the 
slopes due to excess of alkali. These 
curves therefore indicate that complex 
formation occurs during the reaction 
with 0—1 equiv. of alkali, but not in 
alkaline solutions. 2 

Similar conclusions are forthcoming 0 Zz 
from the py curves, obtained by means NaOH, equivs. 
of the glass electrode and the electro- 
meter triode circuit for a similar set of titrations, the only difference being that the initial 
volumes were 50 c.c. instead of 75c.c. Of the pg curves in Fig. 2 (lower set) the heavy line 
relates to tartaric acid alone. The effect of arsenious oxide is slightly to imcrease the 
hydrogen-ion concentration at first, the pq curves lying below that of the tartaric acid. 
Soon after 1 equiv. of alkali has reacted, the curves reverse their order with respect to that 
of tartaric acid, and immediately after 2 equivs. of alkali are added the titration curves 
become those of the arsenious acid, the pg values then set up not being influenced by the 
sodium tartrate previously formed. 

It appears from both the rotation and the electrometric curves that complex formation 
occurs in acid solutions until the alkali suffices to form the hydrogen tartrate; it is then at a 
maximum, the extent depending on the proportion of arsenious oxide present. With greater 
amounts of alkali, the complex undergoes decomposition, but this does not become complete 
until the alkali suffices to form both the normal sodium tartrate and sodium dihydrogen arsenite. 


Fic. 1. 
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Solutions of Tartaric Acid and Antimonous Oxide.—Antimonous oxide has extremely feeble 
amphoteric properties : it dissolves in solutions of strong acids and strong bases provided that 
excess of either acid or base be present; yet it will dissolve to an appreciable extent in tartaric 
acid, and the presence of tartrates increases the solubility of the oxide in alkaline solutions. 
The solubility in acid solutions is greatly increased when sufficient alkali is added to convert 
the tartaric acid into the hydrogen tartrate, and it is from such solutions that the class of salts 
known as the “ emetics ” may be crystallised. When added to emetic solutions, acids (e.g., 
nitric and hydrochloric), alkalis, and alkali carbonates cause precipitation. Alkalis in larger 
quantities, however, bring about redissolution of the hydrated antimonous oxide, but the 

quantities of alkali required for this 
Fic. 2. purpose are much smaller than those 

12 necessary when tartrates are absent. 

Rotatory power. Owing to the 
‘ limited solubility of antimonous oxide 
M1 in tartaric acid, it was more con- 
venient to prepare solutions corre- 
sponding to various stages of neutral- 
isation of tartaric acid from the free 
acid, sodium emetic, sodium hydrogen 
tartrate, and sodium tartrate, and in 
some cases to add suitable quantities 
of either hydrochloric acid or sodium 
hydroxide. The concentrations of 
sodium chloride thereby introduced 
(noted in Table IV) were too small 
to have any appreciable effect on the 
rotations. 

Table IV gives the rotations ob- 
served for those sections of the 
neutralisation of 0-1M-tartaric acid 
and #M-antimonous hydroxide in 
which precipitation did not occur. 
In all cases, precipitation took place 
in the region of the complete neutral- 
isation of the tartaric acid, and redis- 
0 solution did not begin until several 

! equivalents of alkali in excess had 
ng been added. Solutions containing 
low ratios of antimonous hydroxide 
underwent precipitation only on 
1 a standing. It was possible therefore 
NaOH, equivs. to take polarimetric readings before 
c precipitation occurred. In Fig. 3 the 
molecular rotations are plotted against the number of equivalents of alkali present, and the 
periods during which precipitation occurred are indicated by broken lines. The curves are 
marked by the molecular ratios of antimony hydroxide to total tartaric acid. 

Unlike the arsenious-tartaric acid rotation curves, the maximum in the antimony curves 
coincides with 1 equiv. of alkali in one case only, viz., for the equimolecular mixture of tartaric 
acid and antimonous hydroxide, which corresponds to the sodium emetic NaHT,Sb(OH);. 
Incidentally, it happens that an M/10-solution of sodium hydrogen tartrate is then nearly 
saturated with respect to antimonous hydroxide. Table IV gives the rotations for the 5461 
line for the equimolecular mixture, and these also show a maximum with 1 equiv. of alkali. 

The rotations when smaller amounts of antimonous hydroxide are dissolved in 0-1M-sodium 
hydrogen tartrate solutions are lower, as seen in Fig. 3, or more clearly from the two higher curves 
of the inset, which were constructed from the following data for both the 5461 A. and the D line: 
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Effect of adding antimonous hydroxide to 0-1M-sodium hydrogen tartrate at 25°. 
Sb(OH),, mols. /I. ... 0-01 0°02 0°025 0°05 0°06 0°075 0°08 0°10 
D 6-95° 983° —-11°82° 2280° 27-40 34'88° —36°50° = 47°86° 
13°86° 27°01° 41:22° 56°89° 
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Table IV (v) gives rotation data (} = 2; ¢ = 20°) based on observations of Grossmann 
(loc. cit.) on a solution containing antimonous hydroxide in tartaric acid in the approximate 
molecular ratio 1 : 3, whence he considered the solution to consist of ‘‘ Antimontriweinsaure.” 


His results are plotted (curve 0-322) 
in Fig. 3 and are in general agree- 
ment with the other curves. 

The heavy graph, “H,T,” 
represents the rotations at 25° 
(sodium D line) during the neutral- 
isation of tartaric acid alone; in its 
initial section it is nearly parallel 
to those of the antimony hydr- 
oxide—tartaric acid graphs, showing 
that, in contrast to the boric and 
the arsenious acid curves, the 
influence of the antimony is re- 
flected in a general elevation of 
the tartaric acid curve. With 
increasing amounts of boric acid, 
alkaline tartrate solutions became 
less dextrorotatory than the sodium 
tartrate alone, and even levo- 
rotatory with high boric acid 
content. With antimonous hydr- 
oxide this effect is very much more 
pronounced, as seen from Fig. 3, 
so much so that even with 0-2 mol. 
of antimonous hydroxide to 1 mol. 
of tartaric acid there is a small 
levorotation. The effect of the 
antimony content is more evident 
from the lowest curve in the inset. 

Electrometric measurements. 
These were confined to pg titrations 
by means of the glass electrode 


Molecular rotations. 


Fic. 3. 
o/s. 


2 5 r 


3 4 
NaOH, equivs. 


at room temperature. In Fig. 4 is plotted the titration curve of 100 c.c. of 0-02M-tartaric 
acid + 0-01086M-antimonous hydroxide [i.e., H,T : Sb(OH), = 1: 0-5429] with 0-1040N-sodium 
hydroxide. Such a high antimony content could only be obtained by several hours’ boiling, 


Fic. 4. 


0 5 WW 18. 20 25 30 35 40 


0-104N-NaOH,c.c. 


filtering the solution, and making it 
up to volume. By comparing the 
titration curve with that of tartaric 
acid alone, it is seen that the intro- 
duction of antimonous hydroxide 
causes the ionisation of the first stage 
of tartaric acid to be slightly strength- 
ened. The main effect, however, 
occurred during the final portion of 
the second stage of neutralisation. 
The inflexion with 28 c.c. marks the 
beginning of reaction with the tartrate 
combined with the antimonous hydr- 
oxide, whereas the final inflexion at 
37-6 c.c. not only coincides with the 
point at which the antimonous hydr- 
oxide began to precipitate but corre- 
sponds nearly with the complete 


decomposition of the antimony-tartrate complex, the theoretical end-point being 38-42 c.c. 
Moreover, the pg range within which the complex was decomposed was abnormally high, 
lying between 7 and 8. A similar observation was made by Britton and Robinson (J., 1933, 
422) in connexion with their work on niobium-oxalic acid complexes. 
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TABLE IV. 


Molecular Rotations, [M]?", of Solutions 0°1M-Tartaric Acid + xM-Antimony Hydroxide, 
Sb(OH) , at Various Stages of Neutralisation. 
(i) x = 0-02. 
Ty. 0-2 0-472 0°88 1-0 1°152 1-56 2-24 2-92 3-60 
2 
av” + 284° + 333° + 3-85° + 3-93° + 404° + 424° — 0°04° — 0:89° — 0°88° 
(Mie + 710° + 832° + 962° + 983° +10°10° +10-60° — 010° — 2-23° — 2-20° 
(ii) + = 0°06. 
Le) 0 0-6 1-0 1-4 1°57 1-74 
([H,T) (0°06.M-NaCl) 
ap + 984° +10°29° +10°96° +10°96° + 830° + 594° 
[M]p +24°60° +25°72° +27-40° +27-40° +20°75° +14°85° 
(iii) x = 0-08. 
are 0°39 0-80 1-0 1072 1344 4:88 
af] (0-041 M-NaCl) 
ap +14:50° +14°60° +14-60° +14:96° +12-69° —10-60° 
[Me +36°25° +36°50° +36°50° +37:40° +31:72° —26-50° 
(iv) « = 0-10. 
re 0-738 —0°825 1-0 5°132 9264 14-12 
[H,T) (0°0262  (0°0175 
M-NaCl) M-NaCl) 
4+18°51° +18°70° +19°14° —12-49° —12-64° —12-03° 
+46°27° +46°86° +447-86° —31-24° —31-60° —30-08° 
+22-76° —14-99° —15°17° —14-72° 
+56°90° —37-48° —37-93° —36-80° 


(v) * = 0°0322 at 20° (Grossmann). 
Caen? 0-615 0-922 1-23 1-54 1-85 2-16 2-46 3°67 6-15 
2 
a®” (7 9) 4 256° + 280° + 2-92° + 2-92° 4 2-049 +4 132° +4 0-742 — 1-40? — 140° 
rule” 412°8° +4140° 41469 +146° +1029 + 66° 437° — 70° — 7-0? 


The curve, “‘ Na Emetic,” in Fig. 5, which refers to the electro-titration of 50 c.c. of 0-1M- 
sodium emetic with 0-2M-sodium hydroxide, shows that the initial solution has py 4-42, and 
that on treatment with alkali a rapid increase in pq occurs, until the same range, Py 7—8, is 
reached, and then when the stoicheiometrical amount of alkali has been added to convert all 
the sodium hydrogen tartrate contained in the sodium emetic into normal sodium tartrate, 
the final inflexion, indicating the presence of free alkali in the solution, is produced. Precipit- 
ation of antimonous hydroxide, however, began at pq 7-50, when 10 c.c., instead of the 25 c.c. 
required for complete decomposition of the complex, had been added. The curve 0-5 Sb is 
that of the titration of 50 c.c. of 0-1M-sodium hydrogen tartrate + 0-05M-antimonous 
hydroxide with 0-2M-sodium hydroxide. The pg of the solution was 3-47, which is also that 
of a sodium hydrogen tartrate solution of the same concentration. (The lowest curve in Fig. 5 
shows the change in pg on neutralisation if no antimonous hydroxide is present.) As in Fig. 4, 
there occurs a well-defined inflexion indicating the beginning of attack on the antimony-— 
tartrate complex. Decomposition again takes place, mainly between pg 7 and 8, but owing 
to the relatively small antimony content, precipitation is delayed until the solution has reached 
fy 11, and slightly more than the correct amount of alkali has been added to convert the 
hydrogen tartrate into the neutral tartrate. 

It appears from the position of the inflexions in the alkali titration curves that 1 mol. of 
antimonous hydroxide must enter into some type of combination with 1 mol. of alkali hydrogen 
tartrate. Such combination seems to be complete and to be independent of the concentrations 
of the reactants. In other words, the formation of the complex is not determined by equilibria 
governed by the law of mass action, which seems to apply in the case of boric and arsenious 
acids. This might possibly account for the more rapid increase in rotation of sodium hydrogen 
tartrate produced by antimonous hydroxide than by arsenious acid, as shown by the curves 
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inset in Fig. 1. It is probably owing to the stability of the antimony complex that its decom- 
position does not begin until all the uncombined sodium hydrogen tartrate (present in the 
solution because the amount of antimonous hydroxide is insufficient to convert it wholly into 
the 1: 1 complex) has reacted with the added alkali. This explanation would also account 
for the fact that the maximum rotations, in the case of tartaric acid solutions containing less 
than one mol. of antimonous hydroxide, lie further 

towards the sodium tartrate point as the antimony Fic. 5. 

ratio is lessened. 

Grossmann (loc. cit.) specially emphasises the fact 2 | ghz 
that both sodium carbonate and sodium hydrogen ] NY 
carbonate when added to potassiuin emetic solutions / 
did not cause them to become levorotatory, but merely 11 
less dextrorotatory. This is undoubtedly due to the fl 
fact that these reactants are salts of carbonic acid, ; 
which in its first stage undergoes neutralisation between 10 
pu 4:5 and 8-5, px, being 6-5. Any reaction between 
potassium emetic and sodium hydrogen carbonate must 9 
therefore result in the liberation of free carbonic acid, 
and buffer action will occur within this range, which 
happens to be that wherein the emetic itself suffers 
decomposition. This explains why the buffer action 
shown by the curve, NaHCOQ,, in Fig. 5, corresponding 
to the titration of 50 c.c. of 0-1M-sodium emetic with 
0-2M-sodium hydrogen carbonate, should lie between 
?u 7 and 8, and also why precipitation should be 
delayed until nearly 5 equivs. of sodium hydrogen 
carbonate are added. Owing to the greater weakness At 
of the second stage of carbonic acid, pg, = 10-2, and at 
the consequent hydrolysis of sodium carbonate solu- 
tions, it might be expected that the decomposition 
effected by sodium carbonate would be greater, as 
higher pg values would be more quickly established. - ; 

This is illustrated by the curve, Na,CO,, in Fig. 5, which 1 Nad. Hf ha 5 
gives the change in pq when 50 c.c. of 0-1M-sodium On, Cquive. 
emetic are titrated with 0-1M-sodium carbonate. 

The fact that Grossman was unable to obtain levorotatory solutions with sodium carbonate 
and hydrogen carbonate must be attributed to the fact that the solutions are not rendered 
sufficiently alkaline. It appears certain that the complex formation existing in alkaline 
solutions is different in nature from that in acid solutions. It seems quite definite that the 
latter complex is composed of 1 mol. each of sodium hydrogen tartrate and antimonous 
hydroxide. 
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221. Physicochemical Studies of Complex Formation involving Weak 
Acids. Part XI. Complex Formation between Tartaric Acid and 
(a) Molybdic Acid, (b) Tungstic Acid. 
By H. T.S. Britton and Patricia JACKSON, 


GERNEZ (Compt. rend., 1887, 104, 785; 105, 85; 1889, 108, 942) investigated the changes in 
rotatory power of solutions of tartaric acid in the presence of alkali molybdates in increasing 
concentrations. Maximum rotations were obtained when the acid and salts were mixed 
in equimolecular proportion and this fact was considered to point to the formation of 
definite complex salts. The same method was adopted by Rosenheim and Itzig (Ber., 
1900, 33, 707) with tartaric acid and alkali molybdates and polymolybdates, and also 
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alkali tungstates and polytungstates; in all cases, the results resembled those of Gernez, 
equivalence being reckoned with respect to the alkali metal. On stoicheiometric grounds, 
the complex salts which give these maxima might be considered as containing one molecule 
of sodium tartrate and varying amounts of either molybdic oxide, v7z., 1, 2, 2-33, 2-4, 
4; or tungstic oxide, viz., 1, 2-4. Similar conclusions may be drawn from Itzig’s observations 
(ibid., 1901, 34, 1372) on the maximum rotations set up by the inclusion of varying pro- 
portions of either sodium molybdate or ammonium paramolybdate or sodium tungstate or 
paratungstate in solutions of sodium hydrogen tartrate. The method was employed by 
Quinet (Compt. rend., 1908, 147, 203) with tartaric acid and sodium molybdate, but, as 
Grossmann (Z. anorg. Chem., 1908, 60, 50; Grossmann and Potter, Ber., 1905, 38, 3874) 
has pointed out, his experimental data are very probably erroneous. Klason and Kohler 
(Ber., 1901, 34, 3946) extended Itzig’s work and found that the maximum rotations given 
by sodium hydrogen tartrate depend on other factors besides the amount of alkali metal, 
such as the ratio of molybdic acid, concentration of the active substance, and the temperature 
of the solution. 

Compounds of the general formula R,'(XO,)C,H,O, (R = alkali metal; X = Mo, W) 
have been prepared by Rosenheim and Itzig in the crystalline form. In solution, their 
specific rotations increase with increasing concentration. On the other hand, Henderson 
and Barr (J., 1896, 69, 1455) prepared a series of salts, XO,(NaC,H,O,)., by dissolving 
either tungstic or molybdic oxide in boiling alkali hydrogen tartrate solutions. The 
following work shows that complexes exist in solution corresponding to Rosenheim and 
Itzig’s compounds. 

That complex formation occurs when molybdic acid is dissolved in tartaric acid solutions 
is evident from the increases in optical activity, conductivity, and hydrogen-ion 
concentration (see Mazzucchelli, Atti R. Accad. Lincei, 1910, 19, ii, 439; Mazzucchelli, 
Ranucci, and Sabatini, Gazzetia, 1913, 48, ii, 26; Rosenheim and Bertheim, Z. anorg. Chem., 
1903, 34, 442; Grossmann and Kramer, Ber., 1903, 36, 1606; Z. anorg. Chem., 1904, 41, 
43; Rimbach and Niezert, zbid., 1907, 53, 397; Wintgen, zb:d., 1912, 74, 281; Rimbach 
and Ley, Z. physikal. Chem., 1922, 100, 393). 

It was considered that the method devised by Gernez and subsequently used by 
Rosenheim is open to a fundamental objection, for it involves two variables superimposed 
upon one another. By inserting sodium molybdate in increasing amounts in tartaric 
acid solutions of constant concentration, two factors are simultaneously introduced, each 
of which affects the optical activity of the tartaric acid. First, the increasing alkali-metal 
ratio will increase the neutralisation of the tartaric acid and, as shown by the present authors 
(this vol., p. 1001), the rotation will be enhanced; and secondly, the ratio molybdic 
acid : tartaric acid is made to vary continuously, which, owing to varying amounts of 
tartaric acid entering into complex formation, will also raise the rotatory power. Moreover, 
unless free alkali be added to the tartaric acid—alkali molybdate mixtures, any evidence 
of complex formation occurring during the complete neutralisation of the two acids will 
not be obtained. 

The present rotation experiments are confined to 0-1M-tartaric acid solutions, so as to 
eliminate any effects that alkali-metal ions may have (cf. Part VIII, this vol., p. 998). The 
optical activity of tartaric acid in the presence of constant amounts of either molybdic 
or tungstic acid has been studied throughout, and beyond, the neutralisation of the two 
acids. In the case of both molybdic and tungstic acids, maximal rotations were given by 
proportions corresponding to the formation of complexes of the general formula 
Nag(XO,)zC,H,O,, whilst quinhydrone-electrode titrations provide conclusive proof that 
x may be unity and may also assume higher values. 


EXPERIMENTAL. 


Optical Rotatory Power.—Table I gives the rotations (45461 A.) at 25° of three series of solutions 
of tartaric and molybdic acid, in which the molecular ratios of the two‘acids were severally 
1 : 0-25, 1: 0-5, and 1: 0-75, in various degrees of neutralisation with sodium hydroxide. The 
molecular rotations are plotted in Fig. 1, against the number of equivs. of alkali added, being 
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denoted by the heavy lines marked 0-75 Mo, 0-5 Mo and 0-25 Mo. The solutions were prepared 
from sodium molybdate, tartaric acid, sodium hydroxide, and, in the case of the initial solutions 
of the three series, hydrochloric acid in appropriate quantity. The concentrations of sodium 
chloride thereby introduced, shown in the tables in parentheses, are too small to have any appre- 
ciable effect on the rotation. Fic, 1 

The curve given at the bottom of ae 
Fig. 1 (see Part VIII) is that of the 
neutralisation of 0-1M-tartaric acid. 
Each of the molybdic-tartaric acid 
curves shows that maximum rotations 
are given by solutions containing 2 
equivs. of alkali. It will be seen later 
that this alkali has united with the 
tartaric acid to form normal sodium 
tartrate, which in turn has combined 
with the molybdic acid, thus 

Na,(MoO,),C,H,O,. 

Another interesting observation is that 
further alkali results in rapid diminu- 
tion of rotatory power until the alkali 
is sufficient to neutralise the molybdic 
acid as sodium molybdate, Na,MoO,, 
the rotations then becoming exactly 
equal to that of the parent sodium 
tartrate. The addition of further alkali 
gives no change in rotation. Hence it 4 
is inferred that the complex molybdo- , 
tartrate, formed whilst the fe is Na OF, equive. 
still incompletely neutralised, is entirely broken down in alkaline solution into normal sodium 
tartrate and sodium molybdate. 


Molecular rotations. 


TABLE I. 
Solutions of 0°1M-tartaric acid + 0°025M-MoO, + *M-NaOH. 
ee 0 025 050 10 15 20 30 40 5-0 
xM-NaOH 0 0025 005 O10 O15 0-20 0-30 0:40 0°50 
(0°05M-NaCl) 
Gods, 8°74° 907° 947° 10°19° 10°85° 10-94° 2-79° 2°78° 2-79° 
[Mn 21-85° 2267° 23°67° 25-47° 27-12° 27-35° 6:97° 695° 6-97° 
Solutions of 0°1M-tartaric acid + 0°05M-MoO, + *#M-NaOH. 
N 
Caer 0 0-5 10 15 20 25 40 50 
2 
xM-NaOH 0 005 O1 O15 020 0:25 0-40 0°50 
(0:1M-NaCl) 
Gods, 13-48° 15:13° 17-74° 19-07° 19-82° 10°95° 2°81° 2-80° 
[M] Sn 33°7° 37°82° 44:35° 47°67° 49°55° 27-37° 702° 7-00° 
Solutions of 0°1M-tartaric acid + 0°075M-MoO, + *M-NaOH. 
CLT? 0 05 1-0 15 2-0 2°5 30 40 50 
xM-NaOH 0 005 O10 O15 020 0:25 030 0:40 0-50 


(0°15M-NaCl) 
17-95° 19°49° 22-31° 26-44° 28-19° 19°57° 10-95° 2-80° 2-80° 


Gone. 
[M3501 44°87° 48°72° 55°77° 66°10° 70°47° 48°92° 27:37° 7:00° 7-00° 


Table II gives similar data corresponding to the neutralisation of 0-1M-tartaric acid in the 
presence of 0-25, 0-5, and 0-75 mol. of tungstic acid. The molecular rotations, which are plotted 
as thin lines in Fig. 1, and marked by 0-75 W, 0-5 W, and 0-25 W respectively, again reveal 
maxima with 2 equivs. of alkali and rotations which are identical with those of sodium tartrate 
alone when 2-5, 3, and 3-5 equivs. respectively of alkali are added—such amounts being those 
necessary to convert the tungstic acid quantitatively into sodium tungstate. As the solutions 
are rendered increasingly alkaline the rotations remain constant, as for the other series, 
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TABLE II. 
Solutions of 0°1M-tartaric acid -+- 0°025M-WO, + *M-NaOH. 

[NaOH] K ' ° : 
(HT) 0 0-5 1-0 1-5 2-0 
xM-NaOH 0 0-05 0-1 015 0-20 

(0°25M-NaCl) 
Gove. 632° 6-74° 7°30° 804° 867° 
[M ]ése1 15°80° 16°85° 18°25° 20°10° 21-67° 


Solutions of 0°1M-tartaric acid + 0°05M-WO, + *M-NaOH. 


[NaOH] : 4 , ° . 
(H,T] 0 0°5 10 15 2-0 3°0 
xM-NaOH 0 0°05 01 0°15 0-20 0:30 

(0°-1M-NaCl) (0°05M-NaCl) 
ove. 10°32° 10°72° 11-54° 12°38° 12°84° 2-80° 
[M] ie 25°80° 26°80° 28°85° 30°95° 32°10° 7:00° 
Solutions of 0-1M-tartaric acid + 0°075M-WO, + *M-NaOH. 
O 
nTy 0 05 1-0 15 20 25 30 35 40 
2 
xM-NaOH 0 0°05 01 0°15 0-2 025 03 0°35 0°4 
(0°15M-NaCl) (0°1M-NaCl) (0°05M-NaCl) 
Gobs. 14-59° 15-09° 15°65° 16°62° 17°45° 12°99° 821° 2°83° 2-81° 
[M Jean 36°47° 37°72° 39°12° 41°55° 43°62° 32°47° 20°52° 7:07° 7:02° 


The first two solutions in the neutralisation of 0-1M-tartaric acid and 0-075M-tungstic acid 
were unstable, for on standing for a day they became cloudy and subsequently underwent 
partial precipitation. Mutarotation was observed only in the case of these two solutions. 


Fic, 2. 





8 









































2 





















































~ 
140 
05 10 15 20 
Acid, ¢.c¢. HCl, equivs. 


‘ 0:3504 WAG ed 











Electrometric Measuremenis.—The possibility of complex formation occurring between 
molybdic acid (and tungstic acid) and tartaric acid was investigated in the first place by following 
the change in pg, as indicated by the quinhydrone electrode at 18° during the titration of sodium 
molybdate (and sodium tungstate) with tartaric acid. The upper curve to the left of Fig. 2 
shows the py change during the successive addition of 0-1M-tartaric acid to 50 c.c. of 0-1M- 
sodium molybdate solution, whereas the lower curve represents the titration of 50 c.c. of sodium 
molybdate with 0-1967N-hydrochloric acid. Similarly, the corresponding curves in Fig. 3 
relate to sodium tungstate under identical conditions. 
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The titration curves of the sodium salts with hydrochloric acid are similar to those described 
by Britton and German (J., 1930, 1249, 2154), and show that the solutions become distinctly 
acid some time before the end-point (at 50-8 c.c.) is reached. In the tartaric acid curves, however, 
the mid-points of the inflexions correspond with the addition of 2 equivs. (50-0 c.c.) of alkali. 
Moreover, there is a tendency for higher pg values to be set up during the reaction with tartaric 
acid. Thereafter the pg values are such as would be caused by buffer action between the added 
tartaric acid and some sodium tartrate. 

It might be considered that the incidence of these inflexions at 2 equivs. of alkali points to 
the formation of complex salts, Na,.XO,C,H,O, (X = Mo or W), but this is not quite the case, 
for the py values subsequently set up suggest the existence of a little sodium tartrate in the 
solution. Hence the reactions cannot be completely expressed in the form Na,MoO, + H,T——> 
Na,T,MoO, + H,O and Na,WO, + H,T —> Na,T,WO, + H,O. An estimate of the amount 
of the sodium tartrate which had not thus reacted with the molybdic and tungstic acids can be 
made from a consideration of the amounts of tartaric acid that had to be added in excess of 
2 equivs. to bring the solutions to (1) fg = px, of tartaric acid (i.e., to a stage corresponding 
to three-fourths neutralisation of tartaric acid), (2) pg = $(px, + px,) of tartaric acid (viz., 
to the stage of its half-neutralisation) (see Britton, “‘ Hydrogen Ions,” 1932). Thus, in the 
molybdate titration, pg 4-0 (i.e., x,) was reached when 55-0 c.c. of tartaric acid had been added, 
and consequently the 5 c.c. in excess must have been buffered by an amount of sodium tartrate 
produced by the reaction of 15 c.c..of tartaric acid with the sodium molybdate. 

Hence it follows that, of the 50 c.c. of tartaric acid required to react with sodium molybdate, 
50 — 15 = 35c.c. reacted to produce sodium tartrate which apparently, by combining with the 
molybdenum trioxide, was unable to exert any buffer action. Up to this stage the reaction 
might be expressed thus: Na,MoO, + 0-7H,T —> 0-7Na,T,MoO, + 0-3Na,MoO,. Incidentally, 
it happens that the mid-point of the hydrochloric acid curve corresponds to an equivalent 
amount of hydrochloric acid having failed to react. During the subsequent addition of tartaric 
acid, sodium tartrate appears to have been formed, and the molybdic acid probably was involved 
in complex formation. The same amount of free sodium tartrate is indicated by the amount 
of excess tartaric acid required to reach py 3-5, i.e., $(4-0 + 3-0), 65 c.c. of acid being added. 

In the tungstate titration, fy 4-0 and 3-5 are given with 54-0 and 61 c.c. respectively of 
tartaric acid. Hence, the former result points to 50 — (3 x 4) = 38 c.c., and the latter to 
50 — 11 = 39 c.c. of tartaric acid having reacted to form sodium tartrate which immediately 
combined with the liberated tungstic acid. The mean, 38-5 c.c., shows that 1-54 equivs. of 
tartaric acid by reaction led to complex formation, and again, such an amount of a mineral 
acid, e.g., hydrochloric acid, would have formed a fairly stable sodium polytungstate indicated 
by the point of the lower inflexion of the tungstate—hydrochloric acid curve. That complex 
formation does not occur during the last stages of the reaction with either sodium molybdate 
or tungstate seems to be associated with the fact that then the solutions are just becoming 
appreciably acid. The two sets of curves given at the right of Figs. 2 and 3 respectively refer 
to titrations with 0-3504N-hydrochloric acid of 50 c.c. of solutions that were each 0-1M with 
respect to sodium tartrate and 0-025, 0-05, 0-075, 0-1, 0-15, and 0-2M with respect to (1) sodium 
molybdate and (2) sodium tungstate. The individual curves are marked by the molecular 
ratios of sodium molybdate or sodium tungstate to sodium tartrate. 

The curves in Fig. 2 show that well-defined inflexions were produced in the 0-25, 0-5, 0-75, 
and 1 titrations when the hydrochloric acid was exactly that required to react with the sodium 
molybdate. In the 1-5 and 2 titrations the inflexions appeared some time before the stoicheio- 
metrical amounts of hydrochloric acid had been added. Moreover, the fq values during the 
initial stages were appreciably higher than those that are characteristic of the straightforward 
decomposition of sodium molybdate with hydrochloric acid, as is seen from the left diagram 
of Fig. 2. That these observations are also true of the tungstate—tartrate titrations is shown by 
Fig. 3. 

It is particularly instructive that the inflexions should occur with 2 equivs. of hydrochloric 
acid per mol. of either sodium molybdate or tungstate when the molecular ratio of the molybdate 
or tungstate to sodium tartrate does not exceed unity. As shown by the left-hand diagrams of 
Figs. 2 and 3, these inflexions (i.e., when complex formation does not occur) are produced 
approximately at 1-5 equivs. of acid. It seems highly probable that these inflexions coupled 
with the initial pg’s are to be accounted for by the molybdic or tungstic oxide uniting with the 
sodium tartrate: e.g., Na,T -+- MoO,» Na,MoO,T. That these complex salts are formed in 
the 1: 1 ratio (i.e., NagT : XO,) seems to be proved by the fact that, when less sodium tartrate 
4a 
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is present than is necessary to give this ratio, the inflexions appear before the 2 equivs. of 
hydrochloric acid are added. 

Further proof of the composition of the two complex tartrates is forthcoming from the 
py Values set up after the inflexions. Thus, as before, the tartaric acid will be three-quarters 
neutralised when the solution has acquired a py of 4 and half-neutralised at pg 3-5. In these 
titrations, however, hydrochloric acid is used, and consequently these stages of neutralisation 
will result from replacement of the sodium tartrate present in the solutions. Table III, which 
was compiled directly from the titration graphs, gives the amounts of hydrochloric acid that 
were added to bring the solutions to py 4-0 and pg 3-5 (cols. 3 and 6 respectively). Cols. 4 and 7 
give the quantities of hydrochloric acid that were necessary in excess of the amounts, given in 
col. 2, to react with the alkali molybdate or tungstate. By assuming that the molybdic and 
tungstic acids, liberated by addition of 2 equivs. of hydrochloric acid, immediately reacted with 
2 equivs. of sodium tartrate present in the solution to form Na,MoO,T or Na,WO,T, then 
the amount of sodium tartrate existing in the solution is known. To bring the solution to py 4 
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one-quarter of this sodium tartrate must have been converted into tartaric acid and sodium 
chloride. Actually, the solution will consist of an equimolar mixture of sodium tartrate and 
sodium hydrogen tartrate; e.g., in a 0-25Na,XO,,Na,T titration, 0-25 mol. of XO, will be set 
free on adding 0-5 mol. of hydrochloric acid. The 0-25 mol. of XO, combines with 0-25 mol. 
of sodium tartrate to form Na,XO,T, leaving 0-75 mol. of sodium tartrate in solution to give 
rise to buffer action on adding more hydrochloric acid. As 50 c.c. of 0-1M-sodium tartrate 
require 28-54 c.c. of 0-3504N-hydrochloric acid for the complete replacement of the tartaric 
acid, it follows that in the 0-25 titrations the 0-75 mol. of sodium tartrate would require ? of 
28-54 = 21-41 c.c. To bring the solution to p, 4-0, back-titration must be carried one-quarter 
of the way, i.e., by adding } x 21-41 c.c. = 6-4 c.c. of hydrochoric acid. Similarly, to bring 
the solution to py 3-5 (half-neutralisation) } x 21-41 = 10-7c.c. must be added. The theoretical 
excesses, recorded in cols. 5 and 8 of Table III, are calculated in this way, and when they are 
compared with the amounts, obtained directly from the curves, show that the underlying 
assumptions are fully justified. 

The final portions of the titrations of sodium molybdate and sodium tungstate with tartaric 
acid seem to indicate that some molybdic and tungstic acid might enter into the complex salt 
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Wage. TABLE III. 
Titration HCl, c.c., to HCl, C.c., HCI, c.c., 
Na,XO,q decompose _ to set up Excess HCl, c.c. to set up Excess HCl, c.c. 

H,T Na,XOQ,. pu 4:0. Obs. Calc. Pa 3°5. Obs. Calc. 
Sodium molybdate-sodium tartrate titrations with hydrochloric acid. 

0-25 7:14 12-7 56 5-4 17'8 

0°50 14°27 18°3 4:0 3°6 .21°6 

0°75 21-41 23-4 2-0 1-8 2 

1-00 28°54 28°7 0-2 0 
Sodium tungstate-sodium tartrate titrations with hydrochloric acid. 

0°25 17°14 12-5 5-4 5: 18-0 10- 

0°50 14:27 17°6 3°3 3°6 21°6 7 

0°75 21°41 23°2 1°8 1: 25°6 4: 

1-00 28°54 29-0 0°5 0 
in amounts greater than 1 mol. per mol. of sodium tartrate. In the 1-5 and 2-0 Na,XO, : NaT 
titrations, it would be expected that if the complex salts, Na,XO,T, alone were formed, the 
back-titrations of the 0-5 and 1 mol. of Na,XO,, that were not involved in the formation of the 
complex salts, would follow the normal courses of molybdate and tungstate py titration curves. 
The inflexions are, however, somewhat delayed; e.g., in the 1-5 and 2-0 molybdate—tartrate 
titrations the inflexion is produced with 1-7 and 1-5 equivs. of acid respectively, whilst in the 
titration without tartrate, the same stage of the inflexion occurs with 1-4 equivs. of hydrochloric 
acid. It is probable that these delays, though small, are the result of the formation of complex 
molybdotartrates containing more than 1 mol. of molybdic acid as governed by some such 
equilibria as xMoO, + Na,MoO,T == Na,(MoQ,),,; T. This reaction would account for the 
fact that the rotatory power of 0-1M-sodium tartrate solutions to which various amounts of 
molybdic acid have been added continues to increase regularly up to the saturation of the solution. 
It does not remain constant when more than | mol. of molybdic acid has been added to 1 mol. 
of sodium tartrate, such as would be expected if Na,MoO,T alone existed. Similar observations 
hold in the case of the tungsten complex. 


CONCLUSION. 


The polarimetric results show that both molybdic and tungstic acids behave similarly 
in forming complexes with sodium tartrate. The gradual formation of complex salts 
during the neutralisation of the tartaric acid is shown by the increase in rotation. When 
sufficient alkali is added to convert the complex salts into sodium tartrate and sodium 
molybdate, or tungstate, the optical activity becomes equal to that of sodium tartrate 
alone, and remains so when the solution contains excess alkali. Complex formation 
is then undoubtedly non-existent. The pg values (Figs. 2 and 3) of solutions of sodium 
molybdate or tungstate and sodium tartrate are, however, higher than those that could 
be attributed to either of the solutes alone. Regarding the complexes formed in acid and 
neutral solutions, the #g curves confirm the optical data and also indicate that the salts 
Na,(MoO,)C,H,O, and Na,(WO,)C,H,O, are stable in neutral and acid solutions. In 
presence of excess of either alkali molybdate or tungstate they appear to combine with 
further amounts of the respective abnormal acid. This agrees with the regular increase 
in rotatory power of solutions of sodium tartrate caused by increasing proportions of either 
molybdic or tungstic acid. 

On referring to the sets of rotation—neutralisation curves in Fig. 1, it is seen that the 
curves, obtained by Gernez, Rosenheim, and others, represent, apart from changes in 
optical activity, two variables. These curves, then, are constructed from a number of 
points each lying on parallel neutralisation curves of tartaric acid containing various 
proportions of molybdic acid. Sodium molybdate generally reduces the rotation of 
Na,(MoO,)C,H,O,, and therefore the maximum rotation will occur when the sodium 
molybdate and tartaric acid are present in equimolar proportion. In a similar 
manner, and as found by Rosenheim and Itzig, the maximum rotations, though much 
greater, will be given with equimolecular quantities of tartaric acid and sodium quadri- 
molybdate, NagMo,0,3. Presumably this maximum value should indicate the formation 
of Na,(MoO,),C,H,O,. In view of the stability of the salts, Na,(MoO,)C,H,O, and 
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Na,(WO,)C,H,O,, and also of the fact that molybdic and tungstic acids respectively 
are able to enhance their rotatory powers, it seems probable that in the presence of these 
acids there occurs further combination, which is determined by the equilibria 
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222. The Non-existence of Cadmous Compounds. 
By WINIFRED R. A. HOLLENsS and JAMES F. SPENCER. 


THE literature contains somewhat conflicting accounts of cadmous compounds and sub- 
compounds of cadmium. Morse and Jones-(Amer. Chem. J., 1890, 12, 488) prepared the 
substances Cd,Cl,, Cd,Br,, and Cd,,I,3, by fusing the anhydrous halide with excess of 
metallic cadmium in nitrogen. They consider the first of these to be a mixture of 1 mol. 
of cadmous with 3 mols. of cadmic chloride. Mellor (‘‘ Comprehensive Treatise, etc.,” 
IV, p. 548), without offering any evidence, regards these compounds as probably solid 
solutions of cadmium in the corresponding halide. Aten (Z. physikal. Chem., 1910, 73, 
593) examined the fusion curve of mixtures of cadmium and cadmic chloride and failed 
to find any evidence of the existence of cadmous chloride or of any sub-chloride; he also 
noted the presence of free cadmium in the solidified melts. 

It is claimed that the above-named halides give cadmous hydroxide when treated 
with water for prolonged periods, and this substance on dehydration gives a yellow cadmous 
oxide, Cd,O. Tanatar (Z. anorg. Chem., 1901, 27, 433), by heating cadmium oxalate at 
300° in carbon dioxide, obtained a green sub-oxide, Cd,O, whilst Tanatar and Levin (J. 
Russ. Phys. Chem. Soc., 1902, 34, 495), by a similar treatment of a basic oxalate, obtained 
cadmous oxide. Glaser (Z. anorg. Chem., 1903, 36, 1) claims to have obtained a sub- 
oxide of unstated composition by the reduction of cadmic oxide with hydrogen at 240°, 
and Brislee (J., 1908, 93, 162) finds a break in the time-reduction curve at the composition 
corresponding with cadmous oxide on heating cadmic oxide with carbon monoxide at 
300°. Denham (J., 1919, 115, 556) finds that cadmous oxide may be obtained in small 
quantity by the methods of Morse and Jones and of Tanatar (/occ. cit.), and he shows that 
the compound, Cd,O, contains free metal, which on removal by distillation gives an appar- 
ently pure cadmous oxide, the yield, however, never exceeding 4%. He also finds that 
the material obtained by the methods of Glaser and of Brislee contains free cadmium, and 
removal of the metal by distillation leaves cadmic oxide. 

We have examined the above substances with the object of ascertaining whether they 
are definite compounds or mixtures. 

The sub-chloride, Cd,Cl,, is shown to be a mixture Cd + 7CdCl,. Von Hevesy and 
Léwenstein (Z. anorg. Chem., 1930, 187, 266) confirm Aten’s fusion results and show that 
the solubility of metallic cadmium in molten anhydrous cadmic chloride is 0-18 and 0-195 
atom per mol. at 600° and 635° respectively. At the temperature of preparation of the 
sub-chloride (ca. 550°) the solubility extrapolated from von Hevesy’s values is 0-158 atom 
per mol., which practically corresponds with the free cadmium in the 1 : 7 mixture. Morse 
and Jones (/o¢: cit.) by the action of dilute hydrochloric acid obtained hydrogen correspond- 
ing to the sub-chloride, but a 1 : 7 mixture must give the same volume of hydrogen by the 
same treatment. 

The atomic susceptibility of cadmium in the sub-chloride is — 27-3 x 10, the mean 
value calculated from a series of 30 cadmic compounds investigated by us being — 25-1 X 
10°*, which indicates that cadmium contained in this substance is also bivalent. 

Cadmous hydroxide, prepared by Morse and Jones’s method, contains more cadmium 
than is required by the formula CdOH and the composition varies in different preparations. 
This fact is probably to be attributed to the solubility of cadmic hydroxide in water. The 
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material obviously contained free metal, for when we attempted to hasten its formation 
from the sub-chloride by centrifuging with water, the product settled to a crystalline 
metallic layer and a white suspension of cadmic hydroxide. Washing with very dilute 
hydrochloric acid left a residue of metallic cadmium which corresponds in amount with 
that required by an equimolecular mixture of cadmium and cadmic hydroxide. In this 
case also, grinding with mercury removed free cadmium from the material. 

The sub-oxide, Cd,O, prepared by Tanatar’s method, was not uniform and had not 
the composition allotted to it; also it contained free metal, as did the oxide Cd,O. The 
temperature of dehydration of the latter was the same as that of cadmic hydroxide. 

The evidence submitted indicates that the sub-chloride of Morse and Jones is a mixture 
of cadmium and cadmic chloride in the molecular ratio 1 : 7, and that the so-called cadmous 
oxide and hydroxide are equimolecular mixtures of the metal and the corresponding cadmic 
compounds. 

EXPERIMENTAL. 

Cadmium sub-chloride was prepared by melting 12 g. of anhydrous cadmic chloride with 
6 g. of cadmium and heating the molten mass, with shaking, for 5 hours at about 550° in nitrogen. 
Excess cadmium was allowed to settle, and on cooling, the sub-chloride was obtained as a grey 
mica-like crystalline mass, which appeared homogeneous to the naked eye but under the micro- 
scope showed crystalline metallic particles (Found : Cl, 35-58. Calc. for Cd,Cl,: Cl, 35-65%). 
When ground in a mortar, the material left metallic streaks. It dissolved very slowly in dilute 
hydrochloric and sulphuric acids, but with nitric acid there was rapid evolution of oxides of 
nitrogen. When the dry substance was rubbed with distilled mercury in a mortar, the metallic 
globules removed, and the mercury distilled, cadmic oxide remained. A weighed quantity of 
the sub-chloride was washed with cold absolute alcohol on a sintered-glass crucible until the 
filtrate was free from chloride, and the grey residue of metallic cadmium was weighed (Found : 
Cd, 8-14. Calc. for 7CdCl, + Cd: Cd, 8-05%). 

The mass susceptibility of the sub-chloride was determined by Gouy’s method, as modified 
by Sugden (J., 1932, 161) and then by Trew and Watkins (Trans. Faraday Soc., 1933, 29, 1310). 
The mean of ten determinations gave — 0-357 x 10-* (limits — 0-355 and — 0-359 x 10-). 
This value lies at the point corresponding to a mixture Cd + 7CdCl, on the susceptibility— 
composition graph for mixtures of the two substances, constructed from the newly determined 
mass susceptibilities: Cd — 0-167 x 10-* (limits — 0-166 and — 0-167 x 10), CdCl, 
— 0-375 x 10 (limits — 0-372 and — 0-376 x 10). 

Cadmous hydroxide was prepared by the exhaustive washing of freshly prepared powdered 
sub-chloride with water until the filtrate was free from chloride (Morse and Jones), and the 
residue dried over phosphoric oxide. The product was a grey heterogeneous powder which 
gave metallic streaks when rubbed ina mortar. Total cadmium was determined by conversion 
into the sulphate, and electrolysis of the sulphate solution by a current of 1-4—1-6 amps. and 
4-5—4-8 volts with a rotating platinum cathode (Fischer, ‘‘ Elektroanalytische Schnellmethoden,”’ 
1908) (Found: Cd, 88-08, 89-20. Calc. for CAOH: Cd, 86-8%). The free cadmium was 
determined by washing a weighed quantity on a sintered-glass crucible with 0-3N-hydrochloric 
acid until the filtrate was free from chloride [Found: free Cd, 44-4, 42-1. Calc. for Cd + 
Cd(OH),: Cd, 43-42%]. 

Attempts to determine the mass susceptibility failed because, on packing the tube, free 
cadmium adhered to the walls and consequently the material was not evenly distributed over 
the magnetic field; further, in the process of packing, the tube became strongly electrified. 

Cadmous oxide was prepared by dehydrating cadmous hydroxide in nitrogen; the loss of 
water began at 260° and was complete at 280°. Rose (Pogg. Ann., 1830, 20, 152) gives 300° as 
the dehydration temperature of cadmic hydroxide. A repetition of this determination under 
the conditions stated above gave figures identical with those for cadmous hydroxide. Different 
preparations varied in colour from olive-green to yellow; the composition was variable, and 
the cadmium content deficient (Found: Cd, 90-89, 90-31. Cd,O requires 93-35%). Grinding 
with mercury removed free cadmium, and an estimation made as in the case of the hydroxide 
gave free cadmium, 46-04 (Calc. for Cd + Cd,O: Cd, 46-68%). Similar conditions to those 
with the hydroxide prevented a determination of the mass susceptibility. 


The authors thank the Imperial Chemical Industries Ltd. and the Chemical Society for grants. 
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223. The Synthesis of Coeroxonones. 
By FREDERICK E.: KING. 


DECKER (Annalen, 1906, 348, 231) has shown that 1-phenoxyanthraquinone is converted 
by sulphuric acid into a dark red oxonium salt, coeroxonium sulphate (I), and several new 
aryl ethers of 1-hydroxy- and 1 : 5-dihydroxy-anthraquinone were synthesised (Decker and 
others, ibid., p. 233; 1907, 356, 317) with a view to their conversion into coeroxonium 
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Ore HSO O 
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(II.) (III.) 

compounds. His experiments, however, do not appear to have included the preparation 
of anthraquinone ethers with methoxylated aryl substituents, and it will be seen that some 
of these, e.g., resorcinol derivatives, possess still further synthetical possibilities. In the 
first place, the simple ethers such as (II) on ring-closure and demethylation should afford 
quinones of the type (III) which are related to the coeruleins, ¢.g., ccerulein A (IV) or (V), 
a class of dyes prepared from the phthaleins: on the other hand, the 1 : 5-resorcyl ethers 
can be regarded as the intermediates for an entirely new series of quinones having its 
prototype in (VI, R = H). 
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With these considerations in mind, erythroxyanthraquinone 3'-methoxyphenyl ether 
(II, R = H), obtained from 1-chloroanthraquinone and the sodium salt of resorcinol mono- 
methyl ether, was submitted to the action of sulphuric acid under the conditions prescribed 
by Decker (oc. cit.). Instead of the water-soluble coeroxonium salt, the product was a dark 
red-brown precipitate of coeroxonone-3 : 9 (III, R = H) * which, however, had no dyeing 
properties. Similarly, 1: 5-dichloroanthraquinone afforded anthrarufin di-3'-methoxy- 
phenyl ether, and this was converted into the blue-black coerdioxonone-3 : 11 (VI, R = H), 
which is a strong vat dye. 

The failure of (III, R = H) as a dye, despite its resemblance to the coeruleins, suggested 
that hydroxyl groups are the factor essential for dyeing properties. Accordingly, deriv- 
atives of pyrogallol were next investigated. 

* The nomenclature is Decker’s and the figures refer to the position of the quinone oxygen atoms, 
but in preference to his scheme of numbering, which is based on the relationship of the coeroxonium 
compounds to 9-phenylanthracene, the system of Patterson (J. Amer. Chem. Soc., 1925, 47, 543) is 
employed. 
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The sodium salt of pyrogallol dimethyl ether and 1-chloroanthraquinone in a nitrogen 
atmosphere yielded erythroxyanthraquinone 2’ : 3'-dimethoxyphenyl ether (II, R = OMe), 
quantitatively transformed in one operation into 4-hydroxycoeroxone-3 : 9 (III, R = OH), 
a weak green dye characterised by an acetyl derivative. The related 4: 12-dihydroxy- 
coerdioxonone-3 : 11 (VI, R= OH), which was prepared from anthrarufin bis-2’ : 3’-di- 
methoxyphenyl ether, is a maroon dye resembling its analogue (VI, R = H). 

It has been reported (D.R.-P. 294,447) that coerulein A and certain dimethylamino- 
quinones related thereto undergo condensation with aromatic bases, even at the ordinary 
temperature, and this property has been ascribed to the hydroxylated quinonoid ring 
which is present in these substances. The effect of aniline on the new compounds, (III, 
R = OH) and (VI, R = OH), was therefore investigated, but no reaction was observed ; 
the quinone (III, R = OH) was dissolved by the boiling base but crystallised unchanged 
on cooling, while (VI, R = OH) was hardly soluble. 


EXPERIMENTAL. 


Evrythroxyanthraquinone 3'-Methoxyphenyl Ether (11, R = H).—Resorcinol monomethy] ether 
(Perkin, Ray, and Robinson, J., 1926, 945) and an equivalent of concentrated aqueous sodium 
hydroxide afforded the sodium salt (7 g.), which was thoroughly mixed with 1-chloroanthra- 
quinone (10 g.) and heated in an oil-bath at 150—160°. The dark red viscid product, when 
washed with boiling water and twice crystallised from acetic acid (charcoal), gave a brown solid 
(9—10 g.), m. p. 127—130°, and by further crystallisation from benzene, the pure erythroxy- 
anthraquinone 3'-methoxyphenyl ether was obtained as golden-yellow rectangular leaflets, m. p. 
130—131° (Found: C, 76-1; H, 4:5. C,,H,,O, requires C, 76-4; H, 4:2%). The compound 
has the anticipated high solubility in non-hydroxylic solvents except ether and ligroin; it is 
only moderately soluble in alcohols. It dissolves readily in cold concentrated sulphuric acid, 
and the solution is dark red. 

Coeroxonone-3 : 9 (III, R = H).—Erythroxyanthraquinone 3’-methoxyphenyl ether (3-5 g.) 
and sulphuric acid (70 g. of 75%) were heated under reflux in an oil-bath at 180°, in the first 
experiment, for 12 hours. A red-black precipitate, m. p. ca. 300°, was obtained by the addition 
of ice and water (200 g.), and was purified by extraction in a Soxhlet apparatus with chloroform, 
followed by two crystallisations from large volumes of xylene. Coeroxonone-3 : 9 forms dark 
maroon needles with metallic lustre, m. p. (capillary) 310° following slight decomposition below 
this temperature (Found: C, 80-2; H, 3-1. C, 9H 0; requires C, 80-5; H, 3-3%). The 
quinone is very slightly dissolved by high-boiling solvents, acetic acid, and chloroform to deep 
red solutions, and is otherwise insoluble. With alkaline hydrosulphite a scarlet vat is formed, 
but it has no dyeing power. 

Anthrarufin Di-3’-methoxyphenyl Ethery.—A mixture of the sodium salt of resorcinol mono- 
methyl ether (12 g.) and 1: 5-dichloroanthraquinone (8 g.) was heated for an hour at 160°. 
After washing with hot water, the black tarry product was boiled with acetic acid (ca. 40 c.c.) 
(charcoal) and filtered. The brown solid separating from the filtrate was recrystallised from 
acetic acid, but the material retained some dichloroanthraquinone until purified through ethyl 
acetate. Pure anthvarufin di-3'-methoxyphenyl ether crystallises in golden-brown pointed 
tablets, m. p. 177—178° (Found : C, 74-3; H, 4-6. C,,H. 0, requires C, 74:3; H, 44%). The 
double ether resembles the monoresorcyl compound in its ready solubility. The suiphuric acid 
solution is an intense purple-red. 

Coerdioxonone-3 : 11 (VI, R = H).—Addition of ice (50 g.) to the dark purple-red solution 
obtained by heating the anthrarufin ether (1-9 g.) with sulphuric acid (40 g. of 75%) at 180° 
for 6 hours, gave a blue-black precipitate (1-8 g.). By extraction in a Soxhlet apparatus the 
coerdioxonone was obtained as a dark green microcrystalline powder, which formed intense 
magenta-coloured solutions with nitrobenzene, acetic acid and chloroform, although only very 
sparingly soluble. On account of its insolubility in organic media, the quinone was purified 
through its solution in hot sulphuric acid (75%), which was filtered (sintered glass filter) and 
diluted with water. The precipitate, after being washed with hot water and alcohol, contained 
sulphuric acid, which was largely removed by warm potassium acetate (Found: C, 63-6; 
H, 3-1; S, 6-6. C,.H,,0,,H,SO, requires C, 64-2; H, 2-6; S, 6-6%. Found for a specimen 
after potassium acetate treatment: C, 77-4; H, 3-4. C.gH,,0O, requires C, 80-4; H, 3-1%). 

Erythroxyanthraquinone 2’ : 3'-Dimethoxyphenyl Ether (II, R = OMe).—Pyrogallol dimethyl 
ether (Baker and Smith, J., 1931, 2544 )(7-5 g.) and 1-chloroanthraquinone (10 g.) were mixed 
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to a paste with a solution of sodium (1 g.) in alcohol (25 c.c.) and heated in an oil-bath. The 
alcohol was removed in a slow current of nitrogen, and after 30 minutes at 150—160°, the dark 
brown melt was cooled, powdered, and washed with hot water. Once crystallised from acetic 
acid, the product (11 g.) had m. p. 161—163°; it was obtained in yellow elongated tablets, 
m. p. 165°, from ethyl acetate (Found : C, 73-5; H, 4-5. C,.H,,O, requires C, 73-5; H, 4:4%). 
Erythroxyanthraquinone 2’ : 3'-dimethoxyphenyl ether is readily soluble in benzene and toluene, 
and dissolves in most other organic solvents except light petroleum. It forms with cold sulphuric 
acid a red-brown solution. 

4-Hydroxycoeroxonone-3 : 9 (III, R = OH).—The solution obtained by heating the fore- 
going erythroxyanthraquinone dimethoxyphenyl ether (3 g.) and sulphuric acid (50 c.c. of 
80%) under refiux in an oil-bath at 180—190° for 6 hours, when poured into water, gave a green- 
black solid (2-8 g.). This was crystallised from xylene, and the pure hydroxycoeroxonone formed 
dark blue, long, rectangular plates with metallic lustre, of high but indefinite m. p. (Found ne C, 
76-4; H, 3:5; OMe, nil. CoH 0, requires C, 76-4; H, 3-2; OMe, 0-0%). High-boiling 
solvents dissolve the quinone to blue or blue-green solutions. It is insoluble in aqueous sodium 
hydroxide, but dissolves easily in warm hydrosulphite solution, the crimson vat dyeing cotton 
and silk a pale green colour. The compound was dissolved in boiling aniline, forming a deep blue 
solution; the solid which separated on cooling was the unchanged quinone. Acetic anhydride 
(10 c.c.) was boiled with the quinone (1 g.) for several minutes until the solution was dark red. 
The solid which separated on cooling was removed and crystallised from acetic acid, whereby 
the acetyl derivative was obtained as maroon-coloured short needles, m. p. 235—-240° (decomp.) 
(Found: C, 74-0; H, 3-8. C,,H,,0, requires C, 74:2; H, 3-4%). 

Anthrarufin Bis-2' : 3'-dimethoxyphenyl Ether —A well-mixed paste of 1 : 5-dichloroanthra- 
quinone (6 g.) and pyrogallol dimethyl ether (8-5 g.) with a solution of sodium (1-2 g.) in alcohol 
(25 c.c.), in a nitrogen atmosphere, was heated in an oil-bath. After evaporation of the alcohol, 
the bath temperature was increased to 160—170° for 40 minutes. The powdered product, 
when washed with hot water, dried, and crystallised from ethyl acetate and from toluene, gave 
an orange-yellow solid (5—6 g.), m. p. 177—180°. Several recrystallisations from either solvent 
afforded the pure anthrarufin ether in orange-yellow hexagonal plates, m. p. 183°, which slowly 
acquired a red-brown tint (Found: C, 70-1; H, 4:9. C,,H,,O, requires C, 70-3; H, 4-7%). 
Benzene and chloroform readily dissolve the substance, which is soluble in most solvents except 
petroleum. The sulphuric acid solution is purple-red. 

4: 12-Dihydroxycoerdioxonone-3:11 (VI, R= OH).—The foregoing anthrarufin ether 
(3-9 g.) and sulphuric acid (75 c.c. of 80%), heated under reflux at 180—190° for 6 hours, gave 
by addition of water, an almost black powder, practically insoluble in organic solvents. It was 
purified by precipitation with water from a filtered solution (sintered glass filter) in sulphuric 
acid (75%), and washing with water and alcohol. As with its analogue (VI, R = H), the 
purified quinone contained sulphuric acid (Found: C, 66-9, 66-5; H, 3-2, 3-0; S, 3-0. 
CygH,04,$H,SO, requires C, 66-5; H, 2-8; S, 3-4%). The crimson solution in alkaline hydro- 
sulphite dyes cotton and silk a maroon colour. 

From a boiling acetic anhydride solution of the quinone, a small amount of maroon-coloured 
microcrystalline powder was obtained which, on account of its limited solubility, could not be 
purified. It dissolved in concentrated sulphuric acid to an olive-green solution, changing in 
2—3 minutes to the intense purple-red characteristic of the free hydroxycoerdioxonone. 

The quinone is only very sparingly soluble in boiling aniline, forming a dark red solution 
with a green fluorescence. 


The author is indebted to Professor R. Robinson, F.R.S., at whose suggestion this work was 
undertaken, and to Imperial Chemical Industries for materials and a grant. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, May 23rd, 1934.] 





224. The Constitution of Tannins. Part II. Structure and the 
Synthesis of Bis-(5: 7 : 3’ : 4'-tetrahydroxy)flavpinacol. 
By ALFRED RUSSELL and JouN TopD. 


It has been shown (this vol., p. 218) that reduction of 2 : 4 : 3’ : 4’-tetrahydroxychalkone 
with zinc dust and dilute alcoholic acetic acid produces an amorphous substance quali- 
tatively indistinguishable by its reactions from typical phlobatannins. The reduction 
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product must be either 4:7 : 3’: 4’-tetrahydroxyflavan or the corresponding bis-4 : 4”’- 
compound, and phlobatannins must be constituted in the same way. 

Since catechin (3:5:7: 3’: 4'-pentahydroxyflavan) and all similarly constituted 
compounds are crystalline, it is likely that the above amorphous reduction product (and 
similar reduction products of other 2-hydroxychalkones already described) is most correctly 
represented by the bis-4:4’’-formula. It is known, moreover, that reduction of ketones 
with zinc dust and acetic acid commonly produces compounds of the bis-type; ¢.g., benzo- 
phenone gives benzpinacol and xanthone gives dioxyxanthylene (Gurgenganz and von 
Kostanecki, Ber., 1895, 28, 2310). 

Furthermore, benzylideneacetophenone (chalkone) by reduction in like manner produces 
a colourless crystalline compound, m. p. 197° (corr.), having the empirical formula 
C,;H,,;0. The simple (unimolecular) reduction products of chalkone are diphenylallyl 
alcohol, m. p. 56—57° (Hiroschi Nomura, Bull. Soc. chim., 1925, 37, 1245), hydrochalkone, 
m. p. 72°, and hydrochalkol, b. p. 330° (Hiibner and Herries, Annalen, 1897, 296, 326; 
Pfeiffer, Kalckbrenner, Kunze, and Levin, J. pr. Chem., 1928, 119, 109). Molecular-weight 
determinations for the reduction product of chalkone give the values 446, 448, and 452 
(Cy9H2g0. requires M, 418); it is therefore also a polymeride of the bis-type. A number 
of reactions of this bis-reduction product of chalkone have been examined briefly (see 
Experimental). Similar high-melting reduction products of 2:3: 4: 4’-tetramethoxy- 
chalkone and of 4’-hydroxychalkone (this vol., p. 218) must similarly be of the bis-type. 

It is likely, then, that reduction of 2-hydroxychalkones by the same method also causes 
polymerisation. Direct measurements of the hydrogen absorbed during reduction of 
2-hydroxychalkones with zinc dust and dilute alcoholic acetic acid are in complete accord 
with this view ; it is clear that one molecule of chalkone absorbs two equivalents of hydrogen 
on reduction to flavan, whilst for the pinacol structure only one equivalent of hydrogen is 
needed. 

To measure the hydrogen absorbed during the reduction of chalkones, a procedure 
similar to that employed in the valuation of zinc dust was adopted. In every case the 
amount of hydrogen absorbed corresponded to the amount required for the production of the 
bis-type of compound. It may now be concluded that the reduction products of 2-hydroxy- 
chalkones are the bis-4:4’’-compounds derived from the flavan corresponding to the 
chalkone; there is no immediate reason for supposing polymerisation by other than a 
4:4’-bond. Since the reduction products of 2:4: 3’: 4’-tetrahydroxychalkone (this 
vol., p. 218) and of 2: 4:6: 3’ : 4’-pentahydroxychalkone (presently described) are quali- 
tatively indistinguishable by their reactions from typical phlobatannins, these must be 
constituted in the same way. 

Phlobatannins are, then, polyhydroxy phenolic derivatives of a parent substance, 
flavpinacol (V; R, R’=H). The system of numbering used to designate the positions 
of the hydroxyl groups in the flavan is retained. Thus, the reduction product of 
2:4:3':4’-tetrahydroxychalkone (formerly 4:7: 3’: 4’-tetrahydroxyflavan) becomes 
bis-(7 : 3’ : 4’-trihydroxy)flavpinacol (V; R-=OH, R’=H) and the phlobatannin 
presently described is bis-(5: 7 : 3’ : 4'-tetrahydroxy)flavpinacol (V; R, R’ = OH). 

The following natural phlobatannins all give green colours with ferric salts and, by 
fission with fused alkali, phloroglucinol and protocatechuic acid (or catechol by decarboxyl- 
ation of this acid) as decomposition products. The number of individuals may not be so 
great as the list indicates : Barbitamao, callutannic acid, canaigre, cherry, Kola, filitannic 
acid, fraxitannic acid, hop, chestnut, larch, mangrove, oak bark, oenotannin, pinicortannic 
acid, quinotannic acid, rhatany, rhodotannic acid, sorbitannic acid, fragarianin, tanne- 
cortepinic acid, tormentilla, willow, and spruce. 

Bis-(5 : 7 : 3’ : 4’-tetrahydroxy)flavpinacol must possess the fundamental hydroxylated 
pattern of all these natural phlobatannins. Substitution of the hydrogen in the hydroxyl 
groups of the “ phloroglucinol residue ’’ might account for individual differences between 
the natural tannins without altering the fission products. Substitution of the hydrogen in 
the hydroxyl groups of the “ catechol residue” is unlikely, as this would deprive the 
product of iron-greening properties. Various nuclear substituents such as carboxyl, 
formyl, methyl, etc., are similarly possible. 
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For the synthesis of bis-(5: 7 : 3’ : 4’-tetrahydroxy)flavpinacol, phloracetophenone 
tribenzoate (I) was condensed with protocatechualdehyde dibenzoate (II) to give 
2:4:6:3' : 4’-pentabenzoyloxychalkone (III), which was hydrolysed to the corresponding 
2:4:6:3': 4’-pentahydroxychalkone (IV). This, by reduction in the usual way, gave 
bis-(5 : 7 : 3’ : 4’-tetrahydroxy)flavpinacol (V; R, R’ = OH). 
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In the following table the qualitative reactions of the synthetic substance are compared 
with those of natural hemlock tannin; the tests, except the first one, were carried out in 
0-5% aqueous solution, which was, in each case, light orange-yellow. For comparison, 
the tests with gallotannin are given in the fourth column. 


Reagent. 
Alcoholic FeCl, 
Aqueous FeCl, 


Gelatin 
Lead acetate 


Boiling 5% HCl (phlo- 
baphene reaction) 
Bromine water 


Calcium hydroxide 
Sodium sulphite 
Nitrous acid 


Copper sulphate 

Copper sulphate +- 
NH, aq 

Aqueous ammonia 

HCHO + HCl 

Potass. dichromate 

K,Fe(CN), + NH, aq. 


Solvent. 
Water 
EtOH, MeOH, EtOAc, 
Me, co 
Et, oO, C,H,, ligroin, 
CHCl, 


Sodium *hydroxide 


Bis-(5 : 7: 3’: 4’-tetra- 
hydroxy) flavpinacol. 
Dark blue-green colour 
Dark blue-green colour, 

oe to dark ppt. 


Hemlock tannin. 
Dark green colour 
Dark green colour, 

i to dark ppt. 


Light-coloured ppt. sol. 
in acetic acid 

Red ppt. in 10—15 
mins. 

Heavy yellow ppt. 


Light- -coloured ppt. sol. 
in acetic acid 
Red ppt. in 10—15 
mins, 
Heavy 
ppt. 
Faint pink colour 
Pink colour Pink colour 
Immediate Immediate 
ppt. ppt. 
Faint green colour Faint green colour 
Heavy dark ppt. Heavy dark ppt. 


orange-yellow 
Faint pink colour 


red-brown red-brown 


Soln. darkens slowly 
Ppt. on warming 
Dark brown ppt. 
Orange-red colour 


Soln. darkens slowly 
Ppt. on warming 
Dark red-brown ppt. 
Orange-red colour 


Solubilities. 
Soluble; conc. solns. Soluble; conc. solns. 
red; dil. solns. yellow red; dil. solns. yellow 
Readily sol. to dark red Readily sol. to dark red 
solution solution 
Insol. Insol. 


Readily sol., dark soln., 


Readily sol., dark soln., 
bleached by acid 


bleached by acid 


Gallotannin. 


Dark blue-black ppt. 
Dark blue-black ppt. 


Ppt. 

Light-coloured ppt. sol. 
in acetic acid 

Nil (no red colour; 
ppt.) 

No ppt. 


no 


Nil 

Nil 

Colour changes to red; 
no ppt. 

Light-green ppt. 

Dark ppt. 


Soln. darkens slowly 

No ppt. 

Brown ppt. 

Transient lilac colour, 
changing to dark ppt. 


In addition to the above tests, hide powder absorbed the product quantitatively from 


aqueous solution ; and a piece of cleaned and scraped sheepskin immersed in a concentrated 
solution showed no sign of decomposition after 4 months and assumed the characteristics 
of leather. In control tests decomposition proceeded rapidly after a few days. 
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EXPERIMENTAL. 


Reactions of the Chalkone Reduction Product, C3,H,,0,.—(1) It decolorises permanganate 
and bromine water and is therefore unsaturated. Estimation of the unsaturation by the 
pyridine sulphate-bromine method (Rosenmund and Kuhnhenn, Z. Unters. Nahr. Genussm., 
1923, 46, 154) indicates the formation of a dibromide, C;,H,,O,Brz. 

(2) With boiling alcoholic potash it loses a molecule of water to give a substance crystallising 
in fine colourless needles, m. p. 112° (Found: C, 89-5; H, 6-0. C3,H,,O requires C, 90-0; 
H, 6-0%). 

(3) With boiling alcoholic sulphuric acid, by loss of water, two isomeric products result : 
(a) identical with the above, m. p. 112°; (b) m. p. 178°, stout needles (Found: C, 89-4; 
H, 6-0%). Both (a) and (d) are unsaturated and give dibromo-derivatives. 

(4) With phosphorus and hydrogen iodide in boiling acetic acid, two products are obtained, 
m. p. 161° (Found: C, 89-1; H, 6-7. C3 ,H,,O requires C, 89-5; H, 6-6%), and m. p. 189° 
(Found: C, 88-8; H, 6-9. C39H,,O requires C, 89-2; H, 6-9%). 

(5) It gives no keto-derivatives. 

Measurement of the Hydrogen absorbed during the Reduction of Chalkones.—A small flask 
(50 c.c.) was joined through a reflux condenser to the top of a gas burette, a suitable mass of the 
chalkone with an excess (at least ten times the mass of the chalkone) of zinc dust was weighed 
into it, and a known volume of alcoholic acetic acid (15%) added. An exactly similar control 
apparatus (no chalkone) was prepared, the internal volume of each being the same, and the 
two flasks were heated to boiling in the same bath of hot water. Hydrogen was evolved and 
heating was continued with occasional shaking until the difference between simultaneous 
burette readings became constant (1—1} hours) and the characteristic chalkone colour had 
disappeared. After cooling, the difference in burette readings (corrected) represented the 
volume of hydrogen absorbed by the chalkone in reduction. The results are tabulated below : 
the amounts of zinc dust and acetic acid were varied slightly in different cases, but were always 
the same for experiment and corresponding control. The conditions were made as nearly as 
possible comparable with the qualitative experiments, although it was not possible to arrange 
for the portionwise addition of the zinc dust (this would lengthen the time necessary for the 


reduction). 
H absorbed, H required, c.c. 

Chalkone. vo Se c.c. Flavan. Pinacol. 

2-Hydroxy-3 : 4-dimethoxy j 10°35 17°8 8°9 
11-1 17:2 . 

16:0 
28:2 


oa 


” 


” : 1 . 


— 

~] 

to 
— 


— 
He He OO NOH BD DONS 


COATS WI ROO =] 
“10002 @ eh OO tS Ww 

8 PII D i DD 

FS OD > & He BD G9 He =3 0 Hm OD OD 
NNREAONK DWE SLS 


See 


2-Hydroxy-3 : 4-dimethoxy 
2:4:6: 3’: 4’-Pentahydroxy 


— 


Owing to the strongly acidic character of 2: 4: 3’ : 4’-tetrahydroxy- and 2: 4:6: 3’: 4’- 
pentahydroxy-chalkone, in order to obtain intelligible results on reduction in a closed system, 
it was necessary to replace the acetic acid used normally by 0-6% alcoholic hydrogen chloride. 
That this change produces no change in the reduction product was shown by qualitative experi- 
ments and by measurements on 2-hydroxy-3 : 4-dimethoxychalkone with the same acid. The 
values obtained are the last three in the table. 

2:4:6:3' : 4’-Pentahydroxychalkone.—A solution of phloracetophenone tribenzoate (9-6 g. ; 
1 mol.) and protocatechualdehyde dibenzoate (8-0 g.; slight excess over 1 mol.) in dry ethyl 
acetate saturated at 0° with anhydrous hydrogen chloride became yellow, orange and finally 
clear light red. It was protected from moisture and kept at 0° for 12 hours and the solvent was 
then evaporated on the water-bath. The residual transparent reddish-brown syrup was boiled 
with 150 c.c. of alcohol for removal of initial materials, the alcohol decanted when cold, and 
the residue washed with cold alcohol. 2: 4:6: 3’ : 4’-Pentabenzoyloxychalkone separated from 
much alcohol in pale yellow nodules (Found: C, 72-9; H, 4:3. Cs 9H;,0,, requires C, 74-2; 
H, 40%. Cs 9H ;,0,,;,EtOH requires C, 73-0; H, 4:45%). 
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A boiling solution of 2: 4: 6: 3’ : 4’-pentabenzoyloxychalkone (11-5 g.) in alcohol (350 c.c.) 
was treated, in a nitrogen atmosphere, with aqueous potassium hydroxide (9 g., 11 mols., in 350 
c.c.) dropwise during 4 hours, alcohol distilling at an equal rate. The product was cooled, 
acidified, and (now removed from the nitrogen atmosphere) treated with sodium chloride and 
extracted with ethyl acetate. The dark red extract was dried (sodium sulphate) and evaporated ; 
the residue was extracted with benzene (Soxhlet) until all the benzoic acid had been removed 
and then with acetone. On removal of the acetone 2: 4:6: 3’ : 4’-pentahydroxychalkone was 
obtained, which crystallised from dilute alcohol in orange-brown microscopic prisms, m. p. 245° 
after sintering at 215°. For analysis the chalkone was dried over sodium hydroxide for 2 hours 
at 100°/15 mm. (Found: C, 63-0; H, 4:3. C,;H,,O, requires C, 62-5; H, 4-2%). 

Bis-(5 : 7: 3’ : 4'-tetrahydroxy) flavpinacol.—To a boiling solution of 2:4: 6: 3’: 4’-penta- 
hydroxychalkone (1-5 g.) in alcohol (30 c.c.), glacial acetic acid (7 c.c.) and zinc dust (5 g.) 
were added portionwise during 15 minutes. The solution, which changed from opaque red- 
brown to transparent pale orange-brown, was filtered, cooled rapidly, diluted with water (300 
c.c.), saturated with sodium chloride, treated with bicarbonate, and extracted with ethyl acetate. 
The dark brown extract was dried (sodium sulphate) and evaporated to dryness in a vacuum, 
The orange-red vitreous residue powdered to a light red, amorphous solid. For analysis, it 
was dried over sodium hydroxide for 2} hours at 100°/15 mm. (Found: C, 62-3; H, 4-65. 
C39H,,O0, requires C, 62:2; H, 4-5%). 


We are grateful to Mr. T. Currie, B.Sc., for making some of the gas burette measurements, 
and one of us (A. R.) thanks the Carnegie Trust for a Teaching Fellowship. 


THE UNIVERSITY, GLASGOW. [Received, April 4th, 1934.] 





225. The Action of Optically Active Alcohols on Ketens. 
By ALEX. MCKENZIE and EDwin W. CuHRISTIE. 
Unper the title “‘ Ein Beitrag zur Frage der asymmetrischen Synthese,” be (Monatsh., 
1919, 40, 301) —— the — of (—)menthol on phenyl-/-tolylketen, C,H, Lage = C20 + 


Cy9Hy)°OH —> C,H HB >C<Co. O-CipH ip’ where a new asymmetric atom. is " generated. 


The selection of phenyl-p- tolylketen was made because the (—)menthyl esters of the 
isomeric phenyl-f-tolylacetic acids had previously been investigated (McKenzie and 
Widdows, J., 1915, 107, 702). 

Weiss obtained a yellow syrup, b. p. 190—196°/1 mm., [«]p — 45-4° in acetone. It 
could not be induced to crystallise, and gave on analysis C, 82-73; H, 8-11 (calc. for 
C.5H 3.0, : C, 82-36; H, 8-85%). 

McKenzie and Widdows had already described (— )menthyl (+ )phenyl -p-tolylacetate 
(I) as feathery needles, m. p. 53—54°, giving in acetone [«]}*" — 53-0 

The discrepancy between the values for the specific rotatory power led Weiss to the 
following conclusions: (1) the action of (—)menthol on phenyl-f-tolylketen proceeds one- 
sidedly, the yellow syrup being optically pure (—)menthyl (+-)phenyl--tolylacetate (I) ; 
(2) the action presents an example of asymmetric synthesis; (3) the crystalline ester of 
McKenzie and Widdows had obviously undergone partial racemisation, and was accord- 
ingly optically impure. 

The experimental evidence which Weiss has submitted in support of those claims is far 
too slender to carry conviction, but he himself does not appear to have prosecuted any 
further experiments on his ingenious topic. Since the study of asymmetric synthesis, 
more particularly in its relationship to asymmetric induction, had been resumed by one of 
us and his colleagues within recent years, we have now extended the former observations 
on the (—)menthy]l esters of r-, (+) and (—)phenyl-g-tolylacetic acids. The data recorded 
by McKenzie and Widdows for (I) were confirmed. Weiss’s contention that the ester 
of McKenzie and Widdows was optically impure is incorrect. The diastereoisomeric 
(—)menthyl (—)phenyl-f-tolylacetate (II) had m. p. 57-5—58° and gave [«]}” — 58-0° in 
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acetone. The m. p. given by McKenzie and Widdows was 57—58°, but they did not 
record the rotatory power. 

It is possible to distil (II) under diminished pressure without causing its rotatory power 
to be impaired. 

(—)Menthyl dl-phenyl-p-tolylacetate (III) was obtained as a solid, m. p. 33—34°, by 
mixing equal amounts of the diastereoisomerides (I) and (II) in acetone. Its specific 
rotatory powers for 4 5893 and 2 5461 in acetone are in agreement with those calculated 
from the figures for (I) and (II) on the basis of the principle of optical superposition : thus, 
[«Jp found, — 55-5° (calc. — 55-5°); [a];4g, found, — 65-8° (calc. — 65-75°). There is no 
dubiety regarding the optical purity of these three esters. 

(III) is resolvable into its diastereoisomerides (I) and (II) by several crystallisations 
from aqueous alcohol, optically pure (II) being obtained as the more sparingly soluble of 
the two esters. 

The product of McKenzie and Widdows from the action of (—)menthol on d/-phenyl- 
p-tolylacetyl chloride was obtained by them at first as an oil. This gradually solidified, 
and the solid ester, m. p. 54—55°, [a], — 59-2° in acetone, is designated by them as 
(—)menthyl r-phenyl-f-tolylacetate. The possibility of resolution into diastereoisomerides 
was recognised at the time, but the conclusion drawn that the ester is partially racemic is 
wrong, as we now find; resolution had actually occurred during the manipulation, but 
McKenzie and Widdows had missed detecting this. The original laboratory record of 
Miss Widdows states that the crude oil had solidified slowly on keeping for several weeks 
and that the solid had been separated from the adhering oil by draining the latter on a 
porous plate. This solid after one crystallisation from alcohol actually consisted of nearly 
pure (II), and was practically unchanged in rotatory power after crystallisation. This 
mistake made by McKenzie and Widdows is easily understood ; the resolution of a d/-ester 
from an oil without the use of a solvent is an unusual phenomenon. 

Following the experimental procedure described by Weiss, we then carried out the 
action of (—)menthol on phenyl-f-tolylketen. The keten was prepared on Staudinger’s 
lines from di-phenyl-f-tolylchloroacetyl chloride, which is obtained from r-phenyl-f-tolyl- 
glycollic acid, a convenient method for preparing this acid being described. The product 
from the synthesis with the keten was (III), and there was no evidence to support the 
contention of Weiss that the action had proceeded one-sidedly with the formation of (I). 
The oil obtained by Weiss was clearly insufficiently purified, and was doubtless contamin- 
ated with some by-product from the keten synthesis. Similarly, when (—)borneol was 
used in place of (—)menthol, (—)bornyl d/-phenyl-p-tolylacetate was obtained as an oil, 
which was identical with the compound prepared from the interaction of (—)borneol and 
dl-phenyl-p-tolylacetyl chloride. 

Even if Weiss had been successful in proving that the action of (—)menthol on phenyl- 
p-tolylketen had proceeded one-sidedly with the formation of (I), such an action would 
not constitute a true asymmetric synthesis. In the experience of Weiss the acid resulting 
from the saponification of his oil was devoid of optical activity ; it consisted of r-phenyl- 
-tolylacetic acid. Had the oil consisted of (I), the same result would have been arrived 
at, since McKenzie and Widdows had shown that (I) is particularly susceptible to racemis- 
ation with alcoholic alkali. It seems necessary to emphasise the point that an asymmetric 
synthesis was not experimentally realised, inasmuch as this erroneous claim had been 
accepted by others. Thus, inter alia, in the Ann. Reports, 1920, 17, 74, the reviewer 
states with reference to the action in question ‘“‘ This represents one of the simplest and 
least unexceptionable examples of asymmetric synthesis which has been placed on 
record.” Unfortunately, the error is not only repeated but accentuated in statements 
made in three recent text-books, namely, those of Wittig (‘‘ Stereochemie,”’ 1930, p. 40), 
of Freudenberg [‘‘ Stereochemie,”’ 1932 (Section by Ebel, p. 582)], and of Goldschmidt 
(“‘ Stereochemie,”’ 1933, p. 29), where each of these authors reports that Weiss had actually 
obtained an optically active phenyl-g-tolylacetic acid from the keten synthesis, a claim 
which was never made even by Weiss himself. 0 

A tentative criticism of the research of Weiss is submitted by P. D. Ritchie in his recent 
comprehensive monograph on “‘ Asymmetric Synthesis and Asymmetric Induction ”’ (S¢. 
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Andrews University Publication XXXVI, Oxford University Press, 1933). On theoretical 
grounds it is suggested by Ritchie that it is rather unlikely that the action could in reality 
have taken place one-sidedly. In the scheme 


Ph:C-C,H 
Ph by (—)CieH,s"OH a V7? by (—-)CuHwOH Ph. * H 
C,H >C<fo, CyHig f5 * CH, (SS COyCygHig 
(II.) (I.) 

the carbon atom C is contained in a molecule which does not assume a disymmetrical 
environment until the combination with (—)menthol has actually occurred. There would 
thus appear to be no obvious reason why the additive reaction should favour the formation 
of either (I) or (II) at the expense of the other. The case is different from that investigated 
by Marckwald and McKenzie (Ber., 1901, 34, 469) where two diastereoisomeric esters were 
formed at different rates when r-mandelic acid was esterified by (—)menthol. Here, 
mandelic acid had an asymmetric carbon atom before combination with menthol took 
place. A comparison of Weiss’s reaction with McKenzie’s asymmetric syntheses from 
optically active a-ketonic esters reveals one significant difference. In the latter experi- 
ments the atom C which is to be rendered asymmetric is actually already a portion of a 
dissymmetric molecule, R°CO-CO-OR*; it is therefore under the directing or “‘ inducing ” 
influence of the optically active radical R* before it is itself transformed into a fixed 
asymmetric centre by the action either of Grignard agents or of reducing agents. 

Further, Ritchie has attributed the failure of Smiles (J., 1905, 87, 450) to effect an 
asymmetric synthesis of a quadrivalent sulphur compound to a similar cause. Smiles 
acted on methyl ethyl sulphide with (—)menthyl bromoacetate, and found that an 
optically inactive thetine was formed when the additive compound was saponified and the 
on removed : 


EDs + CH<CG,. CygHyy EDS<CH, ‘COyCigHiy ED O<cH HO 
(optically inactive) 
A similar result was obtained recently by Menon and Guha (Ber., 1931, 64, 544) on the 


lines : 


CHyCHs sca CH,.CH, me 
CH,CHMe>> + sol CyoHyy > CH-CHMe> aor COpCygHig 





CH, CH & -O— 
CH," -CHMe> S< H,-~ , 


(optically ‘esau 


Finally, Weiss’s choice of an aromatic keten was in our opinion unfortunate. A con- 
clusive proof that the action had proceeded either totally one-sidedly or at least partially 
so, would have been supplied by the isolation of a substituted acetic acid in an optically 
active state. Such a proof is practically excluded when phenyl-f-tolylketen is chosen, 
since the esters of the optically active phenyl-f-tolylacetic acids undergo racemisation on 
saponification with alcoholic alkali, containing as they do two aromatic groups attached to 
the asymmetric carbon atom and at the same time there is a hydrogen atom in the 
a-position to the -CO,°C,,H,, group. 

In an attempt to settle the point Dr. P. D. Ritchie in this laboratory acted on methyl- 
ethylketen with (—)menthol. The crude (—)menthyl «-methyl-n-butyrate obtained gave 
optically inactive «-methyl-n-butyric acid when saponified by alcoholic potash. Now, if 
the (—)menthy] ester either of the (+) or of the (—)acid had been formed exclusively in 
the synthesis from the keten, or if a mixture of the two menthy] esters in unequal quantities 
had been formed, the effect of saponification would still have been to give an optically 


* 
active acid in either of these cases, since, although in aries H,, there is a hydrogen 
, — i O2°C iH ig 
atom in the «-position to the -CO,°C,9H,, group, there are two aliphatic groups attached to 





The Action of Optically Active Alcohols on Ketens. 1073 


the asymmetric carbon atom, and such a system, as is known from the work of one of us on 
catalytic racemisation, undergoes no racemisation under the influence of alcoholic alkali. 
It appears, therefore, that this reaction produced the (—)menthyl (+)ester and the 
(—)menthyl (—)ester in equal quantities. It was not found possible to purify completely 
the crude ester from the additive reaction by repeated distillation (prior to saponification) 
owing to the presence of by-products. But on one occasion an almost pure specimen with 
about 96% of the optical activity of the (—)menthyl ester of optically inactive «-methyl- 
n-butyric acid was obtained. 

In the three examples, therefore, which have been studied where a keten is acted on 
by an optically active alcohol, the evidence points to the formation of the ester of the 
dl-acid in each case. With these results before us, the suggestion made by Ritchie in his 
criticism of Weiss’s work receives some confirmation. 


EXPERIMENTAL. 


r-Phenyl-p-tolylacetyl Chloride-—The chloride used in previous work by McKenzie and 
Widdows (loc. cit.) and by McKenzie, Roger, and McKay (J., 1932 2597) was an oil, which has 
now been obtained crystalline. 20 G. of r-phenyl-p-tolylacetic acid (1 mol.) were warmed for 
2 hours with 32 g. of thionyl chloride (3 mols.), purified by dimethylaniline (Besthorn, Ber., 
1909, 42, 269). The excess of thionyl chloride was removed under diminished pressure at the 
ordinary temperature, and the resulting brownish oil was kept under diminished pressure 
over soda-lime for 2 days. The solid which had separated was removed from the adhering oil 
and crystallised from light petroleum (b. p. 60—80°), yielding 7 g. of r-phenyl-p-tolylacetyl 
chloride in hexagonal prisms, m. p. 74—75° (Found : Cl, 14-5. Calc. for C,;;H,,OC1: Cl, 14-5%). 

(—)Menthyl (+-)Phenyl-p-tolylacetate (1)—The preparation of this ester from (+-)phenyl- 
p-tolylacetic acid obtained by the resolution of the r-acid with cinchonidine was repeated. 
After three crystallisations of the crude ester from aqueous alcohol, (—)menthyl (+-)phenyl- 
p-tolylacetate was obtained as rosettes of feathery needles, m. p. 52—53°, and its rotatory power 
was determined in acetone (/ = 2, c = 5-0445): a%” —5-35°, [a]? — 53-0°; aff, — 6-33°, 
[a]3%m — 62-7°. McKenzie and Widdows give [a]}* — 53-0° for c = 5-746, the m. p. recorded 
being 53—54°. The influence of temperature on the rotatory power of its solution in acetone 
is only very slight within the range 2—33°. In carbon disulphide (/ = 2, c = 4-5425): af” 
— 3-98°, [a]f” — 43-8°; aff, — 471°, [a], — 51-8°. In ethyl alcohol (/ = 2, c = 4-251): 
an” — 5-72°, [a]? —67-3°; opis —6-74°, [a]BS° — 79-3°. 

(—)Menthyl (—)Phenyl-p-tolylacetate (I1).—(—)Phenyl-p-tolylacetic acid was prepared 
by the resolution of the r-acid with quinine. The crude ester was crystallised twice from 
rectified spirit, from which it separated in long hexagonal prisms, m. p. 57-5—58°, whereas 
McKenzie and Widdows give 57—58°. In acetone (/ = 2, c = 5-1915): a} —6-02°, [a]p° 
— 58-0°; aZij, — 7:14°, [«]#;, —68-8°. In carbon disulphide (/ = 2, c = 4-487): af” — 4-61°, 
[a] — 51-4°; a2, — 5-46°, [x], — 60-8°. In ethyl alcohol (/ = 2, c = 5-323): af” — 7-36°, 
fa} — 69-1°; of, — 8-76°, [x], — 82-3°. 

The rotatory power is not recorded by McKenzie and Widdows, but the following details are 
available from the laboratory record of Miss Widdows. In acetone (/ = 2, c = 4-716): ap 
— 5-45°, [a]p — 57-9°, a value practically identical with that just recorded. 

A specimen was distilled at 210—212°/4 mm.; the colourless distillate began to solidify very 
quickly, and the m. p. and rotatory power were unaltered. 

Since, like its diastereoisomeride, it is very susceptible towards traces of alcoholic potash, 
which cause asymmetric catalytic racemisation, the importance of taking the necessary pre- 
cautions during the preparation of these esters is emphasised. Thus, when two drops of 
alcoholic potash (0-841N) were added to a solution of the ester (II) in ethyl alcohol which gave 
[a] 5% — 82-6° (c = 5-323), the activity fell from «2%, — 8-80° to — 8-48° after 68 hours, whence 
[a}2%, — 79-6°. Some transformation into the isomeric ester had occurred. The product after 
removal of the solvent melted indefinitely between 33° and 54°. It had a distinct odour of 
menthol, so that ‘‘ Umesterung ” had occurred, as well as asymmetric catalytic racemisation. 

When (I) was treated similarly, the observed rotation increased from a3, — 6-72° to aff 
— 6-98° (c = 4-2510). The product consisted mainly of (III), the m. p. being 30—34°, and the 
odour of menthol was again detected. 

Formation of (—)Menthyl dl-Phenyl-p-tolylacetate (III) from iis Diastereoisomerides.—A 
mixture of 0-4828 g. of (I) with an equal weight of (II) was made up to 20 c.c. with acetone, 
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and the rotation determined (/ = 2, c = 4-828): aji™ — 5-36°, [a]? — 55-5°; agin — 6-35°, 
[az — 65-°8°. The solvent was then removed under diminished pressure at the ordinary 
temperature; the oil solidified in the course of several days. (—)Menthyl d/-phenyl-p-tolyl- 
acetate (III) forms clusters of radiating needles, m. p. 33—34°. ‘ 

This ester was also obtained by esterifying r-phenyl-p-tolylacetic acid by heating with 
(—)menthol for 12 hours on the steam-bath in the presence of hydrogen chloride. By fraction- 
ation of the crude product, an oil with [a]? — 55-5° and [a]33, — 66-4° (c = 5-6) in acetone was 
obtained. These values agree with those just recorded. 

The Resolution of (—)Menthyl dl-Phenyl-p-tolylacetate (I1I).—The preceding oil gradually 
solidified. The product showed signs that it had undergone resolution, since, when it was 
crystallised from aqueous alcohol, the value after three crystallisations rose to [a]p — 57-5° 
(¢ = 1-383). 

A solution of 23 g. of r-phenyl-p-tolylacetyl chloride (1 mol.) in benzene was added gradually 
to a solution of a mixture of 14-7 g. of (—)menthol (1 mol.) and 11-1 g. of pyridine (1-5 mols.) 
in benzene. A white solid separated, which was possibly an addition compound of the acid 
chloride and pyridine (cf. McKenzie and Gow, J., 1933, 705). The mixture was boiled for 1 
hour and distilled in steam, the residue extracted with ether, the ethereal solution shaken with 
aqueous sodium bicarbonate to remove phenyl-p-tolylacetic acid, the ether expelled from the 
dried solution, and the oil distilled under diminished pressure, giving a blue ester. The fraction, 
b. p. 240—245°/12 mm., crystallised from aqueous alcohol in colourless feathery needles, m. p. 
30—32°. On several crystallisations from aqueous alcohol, the m. p. of successive crops 
gradually rose, as also did the rotatory power. After four crystallisations, the ester had [a]j}* 
— 58-6° and [a], — 68-9° for c = 0-6315 in acetone, and after one additional crystallisation 
the m. p. was 57—58°, alone or mixed with an authentic specimen of (II). 

r-Phenyl-p-tolyiglycollic Acid.—In preference to Weiss’s method (loc. cit.) we adopted the 
following : y-Mandelic acid was converted into benzoylformic acid by oxidation with alkaline 
permanganate. The Grignard reagent prepared from 104 g. of p-bromotoluene (3 mols.) was 
added with mechanical stirring within an interval of 3 hours to an ethereal solution of 30 g. of 
benzoylformic acid (1 mol.). A bulky yellow solid, which gradually assumed a reddish tint, 
separated. After 3 hours’ boiling, and decomposition of the additive complex with ice and dilute 
sulphuric acid, the product from the ethereal layer was distilled in steam to remove p-ditolyl, 
and the hot aqueous layer was decanted from the undissolved residue. On cooling, colourless 
needles of r-phenyl-p-tolylglycollic acid separated, and additional quantities were obtained by 
passing steam several times over the semi-solid residue and decanting the aqueous extracts. 
The various crops were united and crystallised from water. Yield, 27 g. The acid tends to 
separate from glacial acetic acid as an oil, but may be crystallised as rosettes of needles from 
light petroleum (b. p. 80—100°)-acetone. It gave a blood-red coloration when dissolved in 
concentrated sulphuric acid, and after drying in a vacuum at 85° it had m. p. 133—134°, whereas 
Weiss gives 131—133°. The acid may also be prepared from ethyl benzoylformate, but this 
method does not appear to present any advantage over that described. 

Interaction of Phenyl-p-tolylketen and (—)Menthol.—An ethereal solution of d/-pheny]l- 
p-tolylchloroacetyl chloride (14 g., prepared from phosphorus pentachloride and r-phenyl- 
p-tolylglycollic acid) was acted on by zinc turnings (4-9 g.) under the conditions described by 
Weiss. An ethereal solution of (—)menthol was added to the ethereal solution of phenyl- 
p-tolylketen, the yellow colour of which persisted after 24 hours. The mixture was shaken 
with water, the ether expelled, and the unattacked menthol removed by distillation in steam. 
The residue was extracted with ether, and the ethereal solution shaken with aqueous potassium 
bicarbonate to remove the phenyl-p-tolylacetic acid formed by the action of water on unchanged 
keten. The ethereal solution was dried, the ether expelled, and the resulting brownish oil kept 
in a vacuum for 3 days. In acetone: [a] — 46-8° (c = 6-3155), whereas the product obtained 
by Weiss gave at the corresponding stage [a]?” — 45-37° (c = 8-044) in acetone. This impure 
ester with [«]}}° — 46-8° was distilled under diminished pressure three times, and a fraction, 
b. p. 195—203°/4 mm., was collected as a colourless oil, which solidified after several weeks. 
After one crystallisation from aqueous alcohol, feathery needles, m. p. 33—34°, were obtained 
(Found : C, 82-2; H, 8-9. C,;H,,0, requires C, 82-4; H, 89%). This ester was (—)menthy! 
dl-phenyl-p-tolylacetate (III). When mixed with the synthetic ester already described, there 
was no depression of the melting point. In acetone (/ = 2, c = 2-3835): a? —2-65°, [a]}” 
— 55-6°; aii’ — 3-13°, [«]5° —65-7°. These values for the specific rotatory power are in close 
agreement with those already given for the synthetic ester. 

(—)Bornyl dl-Phenyl-p-tolylacetate—The rotatory power of this ester had not been deter- 
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mined by McKenzie and Widdows. The preparation from d/-phenyl-p-tolylacetyl chloride has 
accordingly been repeated, and the ester obtained as a colourless oil, b. p. 235°/12 mm. and 
ny 1-5447. In acetone (/ = 2, c = 6-9605): af” —3-52° [a]? —25-3°; a2, —4-16°, [x], 
— 29-8°. After an additional distillation under diminished pressure, the oil gave in acetone 
(a]}) —25-9° and [a]3%, — 30-2° for c = 5-8155. This showed that no separation of the diastereo- 
isomerides had occurred under the influence of heat. 

Interaction of Phenyl-p-tolylketen and (—)Borneol.—A solution of dl-phenyl-p-tolylchloro- 
acetyl chloride (6 g.) in 120 c.c. of anhydrous ether was gradually added to zinc turnings (2-5 g.), 
the action becoming vigorous on gentle warming. On completion of the reaction, which was 
conducted in an atmosphere of dry carbon dioxide, a solution of (—)borneol (4 g.) in 50 c.c. of 
anhydrous ether was added, and the mixture kept at the ordinary temperature for 44 hours. 
The unattacked keten was then decomposed by the addition of water, and the ethereal layer 
separated. After expulsion of the ether the borneol was removed from the oil by steam, the 
residue extracted with ether, the ethereal solution shaken with potassium bicarbonate solution 
to remove phenyl-p-tolylacetic acid, and dried with anhydrous sodium sulphate. The resulting 
reddish oil (5 g.) after drying in a vacuum for 3 days had [a] —23-9° (c = 4-799) in acetone. 
On distillation a fraction was collected with [a«]}” —25-1° (c = 6-3205), and this on further 
distillation gave a coloviess oil, b. p. 230—235°/9 mm., nj};” 15452 (Found: C, 83-0; H, 8-3. 
Calc. for C,;H3,0,: C, 82-8; H, 8-3%). In acetone (/ = 2, c = 48045): a} — 2-40°, [a]?” 
— 25-0°; aj, — 2-87°, [«]3, — 29-9°. The product was thus (—)bornyl d/-phenyl-p-tolyl- 
acetate. 

(—)Menthyl dl-a-Methyl-n-butyrate——A solution of (—)menthol (15 g.) and d/-«-methy]l- 
butyryl] chloride (10 g.) in 100 c.c. of anhydrous ether was kept at the ordinary temperature for 
24 hours, and then gently warmed for 4hours. After one distillation under diminished pressure, 
the oil from the ethereal solution gave the practically pure ester (12 g.). Two subsequent distil- 
lations brought the optical activity and the refractive index to constant values. (—)Menthyl 
dl-x-methyl-n-butyrate has b. p. 131—132°/18 mm. and njf° 1-4492. it gave a?” —11-88° 
and a2, — 13-96° (1 = 0-2). In benzene (/ = 2, c = 10): a?’ — 12-89°, [a]®” — 64-4°; a2, 
— 15-13°, [«]%, — 75-6°. The rotation for 4 5893 is thus in close agreement with Rupe’s value 
[a]7?” — 63-97° in benzene (Annalen, 1909, 369, 338). 

dl-«-Bromo-a-methylbutyryl Bromide.—15-6 C.c. of bromine (4 mols.) were added very 
gradually to a mixture of 15 g. of d/-«-methyl-n-butyric acid (1 mol.) and 2 g. of red phosphorus 
(0-5 mol.). When the vigorous reaction had subsided, the mixture was heated on the steam- 
bath for 1} hours, and the product distilled twice under diminished pressure. Yield, 33 g. 

dl-a-Bromo-a-methylbutyryl bromide is a colourless mobile liquid which fumes strongly in air 
(Found: Br, 65-6. C;H,OBr, requires Br, 65-6%). It has nj” 1-5101, and b. p. 70—71°/17 
mm., and 96—97°/50 mm. 

Interaction of Methylethylketen and (—)Menthol.—The keten was prepared by the action of 
zinc (38 g.) on an ethereal solution of d/-«-bromo-a-methylbutyryl bromide (68 g.) in the presence 
of a mixture of a little copper—bronze, magnesium, and aluminium turnings to act as an activator. 
The solution was acted on by (—)menthol (42 g.). The crude product was distilled in steam, 
and the ester obtained in the distillate together with menthol. The menthol was removed, and 
the residue fractionated, an oil being obtained with nj} 1-4487, b. p. 158—164°/42 mm., and 
a, — 13-34° (1 = 0-2). This is (—)menthyl dl-a-methyl-n-butyrate of about 96% optical 
purity, and after saponification with alcoholic potash, it gave optically inactive «-methyl-n- 
butyric acid with njf* 1-4083 and b. p. 172—173°/756 mm. 


One of us (E. W. C.) thanks the Carnegie Trust for the Universities of Scotland for the 
award of a Scholarship. We are also indebted to Dr. P. D. Ritchie, who carried out the experi- 
mental work on the interaction of methylethylketen and (—)menthol. 
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226. The Preparation and Constitution of the Thiostannates. Part II. 
Tetra- and Octa-sodium Dioxypentathiostannates. 


By Epwin E, JELLEY. 


As a result of an attempt to prepare sodium metathiostannate by the method of Kuhn 
(Annalen, 1852, 84, 110) and Horing (Pharm. Zig., 1851, 3, 120), who boiled sodium sulphide 
with an excess of materials capable of yielding stannic sulphide, two polynuclear thio- 
stannates were isolated which are characterised by the unusual stability of their anions. 
These salts do not appear to have been previously investigated, although H6ring seems to 
have obtained one of them, for he recorded that his preparations first deposited dirty 
white needles “‘ of tin and sodium sulphides.” 

By prolonged boiling of an excess of tin and sulphur in concentrated sodium sulphide 
solution, a detrasodium dioxypentathiostannate was formed of the empirical composition 
Na,Sn;S,902,18 or 20H,O. By adding two equivalents of sodium sulphide to one of the 
tetrasodium salt, an octasodium dioxypentathiostannate, NagSn;S4.02,32H,O, was obtained. 


EXPERIMENTAL. 


Preparation of Salts.—Tetrasodium dioxypentathiostannate was prepared by boiling 96 g. 
of crystalline sodium sulphide, 64 g. of sublimed sulphur, and 120 g. of tin foil (99% Sn) with 
not more than 300 ml. of water under reflux for about 50 hours until the evolution of hydrogen 
sulphide, at first copious, had ceased. Clean kieselguhr was added, and the solution filtered. 
On standing at 37°, the pale yellow, highly refractive filtrate afforded colourless prismatic 
crystals, which became opaque when cooled below 25°. If more water than that stated is used, 
reaction is very slow. Two preparations together yielded 158 g. of crystals. A considerable 
excess of stannic sulphide was dissolved by the concentrated solution, which set to a gelatinous 
mass on cooling. This difficulty was overcome by adding the calculated quantity of sodium 
sulphide to bring the ratio of sodium to tin to 4: 5, followed by several hours’ refluxing. The 
tetrasodium salt was also produced by boiling the calculated quantity of precipitated stannic 
sulphide in a concentrated solution of sodium sulphide or ortho- or meta-thiostannate, much 
hydrogen sulphide being liberated. A further method of producing the salt was by slowly 
adding 6 equivs. of N-hydrobromic acid to a solution of 5 equivs. of sodium metathiostannate 
with vigorous boiling. The liquid was evaporated to dryness in a vacuum, and sodium bromide 
was extracted by absolute alcohol. A concentrated solution of the tetrasodium salt deposits 
slender acicular crystals at room temperature. 

Octasodium dioxypentathiostannate was prepared by crystallising a solution containing 
8-02 g. of tetrasodium salt and 2-79 g. of sodium sulphide crystals. The yield of colourless 
acicular crystals was 9-6 g. It was established by optical measurements with the polarising 
microscope that a hot concentrated solution of the salt deposited crystals of sodium orthothio- 
stannate and of the tetrasodium salt. After a few hours at room temperature, these substances 
redissolved and the octasodium salt crystallised in theoretical yield. 

Analytical Methods.—Sodium, tin, and sulphur were determined by the methods described 
in Part I (J., 1933, 1580). As preliminary analyses of the tetrasodium salt showed that the ratio 
Na:Sn:S was 4:5: 10, the following alternatives were investigated: (1) that two atoms of 
oxygen were present; (2) that one of the tin atoms was linked to the other four; and (3) that 
two bivalent tin atoms were present. The liberation of hydrogen sulphide during the formation 
of the tetrasodium salt was evidence in favour of the first hypothesis. Two analytical methods 
were applied to this problem. (1) The salt was boiled with 12N-hydrochloric acid in an atmo- 
sphere of carbon dioxide; the resulting solution was without reducing properties. (2) Sulphur 
in the salt was determined as barium sulphate, and the result compared with direct and alkaline 
iodometric titrations according to the methods previously described. Obviously the titration 
of the salt in acid solution would consume iodine equivalent to 2S + 2Sn** + 2(Sn-Sn linkages), 
whereas the titration in boiling alkaline solution would equal 8S + 2Sn** + 2(Sn-Sn linkages). 
The titres corresponded exactly to the percentage of sulphur determined gravimetrically, so 
neither stannous tin nor a tin atom linked to the other four is present. 

Analyses. (1) Prismatic tetrasodium dioxypentathiostannate [Found: Na (mean of six 
determinations), 6-7; Sn (mean of eight), 43-5; S (mean of four), 23-7; Na:Sn:S= 
4-00 : 5-00: 10-09. Na,Sn,S,,0,,18H,O requires Na, 6-8; Sn, 43-6; S, 23-5%]. 
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(2) Acicular tetrasodium dioxypentathiostannate (Found: Na, 6-5, 6-6; Sn, 42-6, 42-5; S, 


23-0, 23-0. Na,Sn,S,,0,,20H,O requires Na, 6-6; Sn, 42-45; S, 22-9%). 


The above two salts 


when dried to constant weight at 180° gave the dihydrate (Found :S, 29-85. Na,Sn,S,,0,,2H,O 
requires S, 29-85%). 

(3) Acicular octasodium dioxypentathiostannate [Found : Na, 10-4, 10-3; Sn (mean of four), 
33-3; S (mean of three), 21-7; loss on heating, 24-5. Na,Sn,;S,,0,,32H,O requires Na, 10-4; 
This salt loses 8H,O when exposed to the air. 


Sn, 33-5; S, 21-7; 24H,O, 24-4%]. 


Chemical Properties.—The reactions of the dioxypentathiostannates with various reagents 
are contrasted with those of the ortho- and meta-thiostannates in the following table. 


Reagent. 
N/10-HCl 
6N-HOAc 


H,0, 


N/10-I, in KI 


K,Fe(CN), 


K;Fe(CN), + 
10% HOAc 


K,Cr,0, 


Pb(OAc), 


Pb(OAc), + 
HOAc 


TINO, 


TINO, in 25° 
HOAc fe 
AgNO, 


ZnSO, 
CoSO, 


Thiostannate. 


= 





Na,SnS,. 
Yellow ppt. 
White ppt. 


Yellow solution 
—>yellow ppt. 
—-> white ppt. 


Yellow ppt., sol. 
in excess ortho 
solution 


White ppt. 


White ppt. 


Ppt. of S; solution 
darkens to green 


Chocolate ppt. 
Chocolate ppt. 


Chocolate ppt. 
Red ppt. 


Brownish-black 
ppt. 

White ppt. 

Greenish-brown 
ppt. 


Na,Sn§3. 
Orange-yellow ppt. 
Deep yellow ppt. 


Yellow ppt. 
——>white ppt. 


Heavy yellow ppt. 
Yellow ppt. 


Yellow ppt. 


Ppt. of S; solution 
darkens to brown 


Reddish-brown ppt. 


Reddish-orange 
ppt., changes to 
reddish-brown 

Reddish-orange 
ppt.—>scarlet 

Orange-red ppt. 


Brownish-black 
ppt. 

White ppt. 

Brown ppt. 


NaySn 554903. 
No change 
No change 


White ppt. forms 
slowly 


White ppt. 


Clear, followed by 
slow gelation 


Clear for 1—2 mins. 
Deep __chrome- 
green ppt. on 
boiling 

Slowly darkens 
—-> opalescent 

Yellow ppt., 
changes to dark 
brown 

Pale yellow ppt., 
very slowly 
darkens 

Yellow ppt., 
darkens to orange 


Yellow ppt. 


Brownish-black 
ppt. 

White ppt. 

Greenish-brown 
coloration 


Na,Sn,S,.0;. 
No change 
No change 
White ppt. forms 
slowly 


White ppt. (faint 
yellowish tinge) 


Clear, followed by 
slow _ precipita- 
tion 

Clear for 1—2 mins. 
Pale chrome- 
green ppt. on 
boiling 

Slowly darkens 
—->opalescent 

Yellow ppt., 
changes to dark 
brown 

Pale yellow ppt., 
very slowly 
darkens 

Yellow ppt., 
darkens to orange 


Yellow ppt. 


Brownish-black 
ppt. 

White ppt. 

Greenish-brown 
coloration 


If a dilute solution of tetrasodium dioxypentathiostannate is titrated with N /10-hydrochloric 
acid against methyl-orange in either hot or cold solution, the colour change occurs for a titre 
equivalent to exactly half the sodium. The reactions with lead acetate, hydrogen peroxide, 
and acid ferricyanide also indicate that the dioxypentathiostannate anions possess greater 
stability than those of the ortho- and meta-salts. The tetrasodium salt dries to constant 
weight in 2 hours at 150—180°, giving an orange residue which readily dissolves in water to 
yield the original substance. It does not further lose weight on heating to 300°, but the anion 
is apparently disrupted, as only part of the residue then passes into solution, even on boiling, 
and much stannic sulphide remains undissolved. ' 
Optical Properties for } = 589 my.—Mixtures of thiostannates are best identified by optical 
means, for which purpose the following measurements are supplied. The birefringence of 1, 
4, 5, and 6 (see below) was determined with a Berek compensator, and the optic axial angles 
of 1 and 4 were measured on a Leitz universal stage. The refractive indices of 1 and 3 were 
determined by the immersion method with a probable error of + 0-002, but those of 2, 4, 5, 
and 6 were too high to be measured either by this method or on a crystal refractometer. The 
values were higher than 1-78, which was that of the most refractive liquid available. The 
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refractive indices of 2 and 4 fell, and those of 1, 5, and 6 rose, when the substance was left exposed 
to the air, variations which were traced to the gain or loss of moisture respectively. 


1. Na,SnS,,18H,O. Monoclinic prisms; positive biaxial. 2V = 68-2°; N, = 1-643; 
y = 1-663; N, — Ng = 0-0145. Elongation positive. 

2. Na,SnS,,3H,O. Tetragonal bipyramids, positive uniaxial; N,>18; N,—WN, 
extreme. 

. Na,SnS,,8H,0. Monoclinic (?) prisms; positive biaxial, 2V = ca. 66°; N, = 1-605; 
N, = 1-746. 

. Na,Sn,0,S,9,18H,O. Triclinic (?) prisms; negative biaxial; N mean = ca. 1-80; 
2V = 60°; N, — Ng = 0-0016; strong dispersion of optic axes. 

. Na,Sn,0,S,9,20H,O. Orthorhombic needles; negative biaxial, 2V small; N mean = 
ca. 1:79; Ng — N, = 0-019; elongation negative. 

. Na,Sn;O0,S,,.,32H,O. Orthorhombic needles; negative biaxial, 2V small; N mean = 
ca. 1-79; Ng — Nq = 0-024; elongation negative. 


DISCUSSION. 


The stability of the Sn,0,.S,9'" anion indicates a nuclear, rather than a chain, structure. 
Attempts to replace the two oxygen atoms by sulphur by heating the salt under pressure 
with hydrogen sulphide failed. If we assume that all the tin atoms are six-covalent as 
in the ortho- and meta-salts, there does not appear to be any reasonable alternative to the 
structural formula (I), which accounts for the presence of two oxygen atoms, and two 
molecules of firmly-attached water. 
~ 8- 


fH,0. > S OH, 

, er gi ; > . 
~ ieee een wl oe - S<—Sn—-O—Sn—>S 
ar wil H,07 t S {ou, 


H,O Ss 
t t | 4 a | 


S——Sn-=—S earereeaeen 
A _—s H,0, | ¥ | OH, 
but | | ft $ f § te 
o=9 > Sn=S s=$n—0—Sn=S oo a 
—sn—0— sn— —sn—-O— sn— A * 
S S me S H,O' s Ree A 
(I.) °; (II.) (III.) 


On the basis of this formula the sodium ions in both the (prismatic) salt (18H,O) and the 
acicular one (20H,O) must be exerting their maximum covalency of four, and it is probable 
that the two oxygen atoms are acting as donors to hydrogen of the two extra water mole- 
cules in the 20-hydrate. 

It might be supposed that the octasodium salt is merely a molecular compound of 
2Na,S with Na,(Sn;S,902,2H,O), but the very close chemical and optical similarity of the 
octasodium and tetrasodium salts rather indicates that the two extra sulphur atoms have 
entered the complex anion. Free sulphide ions in the aqueous solution would at once 
react with lead acetate and potassium ferricyanide, whereas no such reactivity is exhibited. 
It is therefore considered probable that the anion of the octasodium salt has the con- 
figuration (II). This formula does not account for the 8 molecules of firmly attached 
water, but the alternative (III) appears improbable, as the co-ordinated water is not 
necessary to satisfy the condition of six-covalency of the tin atoms, and it would leave 
eight sodium ions to share 24 molecules of water. Perhaps the heavy anionic charge is 
responsible for the retention of this water at elevated temperatures. 




















In conclusion, I wish to express my sincere gratitude to Professor J. R. Partington for his 
valuable advice and continued interest in this work. 
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227. On the Factors determining the Velocity of Reactions in Solution. 
Molecular Statistics of the Benzoylation of Amines. 


By E. G. WiLtiAMs and C. N. HINSHELWOOD. 


THE reaction between benzoyl chloride and aniline (Grant and Hinshelwood, J., 1933, 
1351) in hexane solution is rendered anomalous by a marked influence of the solid particles 
of product, which cause heterogeneous catalysis. In carbon tetrachloride solution the 
effect is much less, and the reaction is more nearly bimolecular. It now appears that in 
solvents where the velocity is considerably greater than in carbon tetrachloride or hexane, 
the homogeneous reaction quite outweighs the heterogeneous, and the anomalies disappear 
almost entirely. The bimolecular reaction is interesting in that it belongs to the class 
where the rate of change is much smaller than the possible rate of activation. 
The velocity constant of such a reaction is given by the equation 


1ONk=PZypeP8? 2. 2 2 ww we I) 


where N is Avogadro’s number, E the energy of activation, Z,, the number of encounters 
between molecules of the two reacting substances at unit concentration of each, k the 
velocity constant in g.-mols./1./sec., and P is a factor representing the probability that some 
condition beyond activation is fulfilled. This condition will include correct orientation 
of the molecules at the moment of reaction, the possible necessity for presence of solvent 
molecules, and any requirements about perturbing forces to overcome quantum-mechanical 
restrictions (cf. J., 1933, 1357). For the benzoylation of aniline in benzene solution, P 
is of the order 10-7. 

This paper deals with two problems. The first is to determine whether the large in- 
fluence of substituents in the benzene rings depends chiefly upon changes in E or changes 
in P, a question which becomes specially important in a reaction where P is so far removed 
from unity. The second is to explore further the nature of P itself. 


Kinetics of the Benzoylation of Amines in Benzene Solution.—The experimental method has 
already been described (Grant and Hinshelwood, /oc. cit.). The solvent used was A.R. benzene. 
Since numerous specimens gave concordant results, and experiments upon the addition of 
small quantities of water and other substances showed that these had little effect, no special 
purification was undertaken. Two specimens of aniline, dried over potassium hydroxide and 
fractionated several times, and a number of specimens of benzoyl chloride, some fractionated 
at normal pressure and some in a vacuum in an all-glass still, all gave concordant results. 
Toluidine, chloroaniline, the nitroanilines, and nitrobenzoyl chloride were recrystallised to 
constant m.p. p-Chloro- and p-methyl-benzoyl chloride were specially prepared from the pure 
acids by the action of thionyl chloride and were fractionated in a vacuum. The chloro-com- 
pound was further purified by freezing out. It gave the same results as another specimen 
made by the use of phosphorus pentachloride. In general, different specimens of the various 
substances gave results within about 2%, 7.e., the limits of experimental error, so it seems clear 
that accidentalimpurities play no part. The thermostats for 25°, 40°, and 70° could be regulated 
to within 0-05°. For 100° a special type of constant-level boiling water-bath was used, constant 
to within about 0-2°. For 5° a mixture of solid and liquid benzene in a Dewar vessel, and for 
15° a similar mixture of fine crystals and liquid glacial acetic acid, were used, the temperature 
being constant to within 0-1° in each case. 

The course of the reaction is expressed by the usual bimolecular formula, as shown in Table I, 
where ¢ is the time in minutes, x the % change, and & the constant (g.-mols. /I./sec.); @ is the 
initial concentration of the acid chloride, and b that of the amine in g.-mols./l.; @ is always 
equal to b/2. Hence 
” 1 f 1 ao ae * 100 
~ 2x 602 \(100— 2%) 100) ~ a 





k 


The three examples given in Table I are typical of all. 
The anomalous influence of dilution found with hexane has almost disappeared in benzene. 


Table IT gives the variation of k with dilution. Dilution I represents a = 0-01, b = 0-02, 
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TABLE I. 


Aniline and benzoyl chloride Aniline and ~-chlorobenzoyl /#-Nitroaniline and p-nitrobenzoyl 
at 25°0°. chloride at 25-0°. chloride at 70-0°. 
a= 0°005, b = 0°01. a= 0°0025, b = 0°005. a = 0°005, b = 0°01. 

1002. , 3 1002. ’ t. k x 104. 
7°41 . 10°7 210 8°81 
7°44 : 10°7 474 8°79 
7°45 5 10°5 792 9°01 
7°61 . 10°3 1242 8°96 
7°75 , 10:1 1920 8°68 
7°72 . 10°2 2952 8°47 
7°46 4680 8°32 


x. 
10 
20 
30 
40 
50 
60 
70 


_™/ 


th mS ato 
NAAAAA a: 


She 


dilutions II and III representing one-half and one-quarter of these concentrations respectively. 
The constants are mean values of series such as those given in Table I. 


TABLE IIT. 


k x 10° at 25° for various reactants at different dilutions. 


Dilution I. Dilution IT. Dilution ITI. 


Aniline, benzoyl chloride 7°55 6°88 
p-Chloroaniline, benzoyl chloride 1°63 1-50 
Aniline, p-nitrobenzoy] chloride 60°7 58°1 
p-Toluidine, benzoyl chloride 33°4 29°8 
m-Nitroaniline, benzoyl chloride 0°0444 0°0441 


To allow for such small trend as the constant shows, allresults, which for practical convenience 
had to be determined at different dilutions, are corrected to corresponding dilutions by the aid 
of this table before being compared with one another. 

The influence of temperature is given in Table III, the substituents denoting those in the 
aniline and in the benzoyl chloride; the constants recorded are corrected for the small expansion 
of benzene with temperature. The values of E are found by plotting log k against 1/7 in the 
usual way. 


TABLE III. 


Mean values of k x 10° for various temperatures. 
Substituent. 
Acid 
Amine. chloride. Dilution. 5:0°. 
p-NO, III 28-6 
H Ill 13°4 
p-Cl Ill 4°65 
H II 3°08 
H II 0°68 





t 


25:0°. 40°0°. 
58:1 87:1 
29°8 55°2 
10°4 17°8 
7°55 12-2 
3°91 7°46 
1°63 2°98 
0°0097 0°0214 
0:00421 0°0110 


— 
bo 
ce2 
aaSs 


Pld td 


p-NO, II _ 
H I 


Influence of Substituents on the Factors determining the Reaction Velocity.—Table IV gives 
the values of the energy of activation and the values of , for dilution ITT, at 25° for all the pairs 
of compounds investigated. 


TABLE IV. 


Influence of substituents on E and on the reaction rate. 
Substituént. Substituent. 


Amine. Acidchloride. 100k,,. E. Amine. Acid chloride. 100k,;. E. 
H p-NO, 58°1 5900 p-Cl H 1-50 7,600 
p-CH, H 29°8 6800 m-NO, H 0°044 10,500 
H p-Cl 10°4 7000 p-NO, p-NO, 0°0097 10,400 
H H 6°88 7350 p-NO, H 0°0042 11,800 
H p-CHy 3°91 7800 








Qualitatively, the influence of the substituents is what might be predicted from Robinson’s 
theory of the reactivity of organic compounds. The present problem is to decide which of the 
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factors in equation (1) is chiefly responsible for the changes in velocity. If the substituent 
influences E principally, leaving P more or less constant throughout the series, then 


In(k/Zazn) =constant— E/RT . ...... . (2) 


Zap = N*.6%_ (8eRT/M)*, where 1/M = 1/m, + 1/mp, Gap being the mean diameter, and 
m, and mg the respective molecular weights. For the series of compounds, o, x will be taken 
as nearly constant. For comparative purposes at a given temperature, relation (2) reduces to 


2-303 log k.M* = constant — E/RT 


In Fig. 1 the value of log (k.M* x 10*) is plotted against the observed value of E. It is im- 
portant to note that the line is made to pass through the point representing the two unsubstituted 
compounds, and has the theoretical slope 2-303 RT required by the formula. 
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Correlation between variations in velocity and changes in the activation energy. 


It is evident that the variations in velocity are in the main accounted for by the changes in 
the energy of activation. This result is specially interesting in the present example where P 
is so far removed from unity that very wide variations in it might have been expected. What- 
ever the nature of P, we may conclude that it remains of the same order of magnitude in any 
given solvent, and that the very marked internal electronic displacements in the benzene ring, 
caused by the substituents, may change E considerably, while having far less effecton P. Such 
variations in P as do occur are not surprising : it is only remarkable that they are not greater. 

A similar test can be made for a reaction of quite a different type, viz., one depending upon 
interaction of solvent and solute, with the results of Cain and Nicoll (J., 1902, 81, 1434) on the 
decomposition of various diazo-compounds in aqueous solution. Unfortunately, some of the 
measurements were made over too limited a range of temperature to allow calculation of ac- 
curate E values. All that has been done, therefore, is to plot E against the logarithm of the 
relative speed of decomposition at 60°, as shown in Fig. 2. The line has the theoretical slope 
of 2-3 x 1-98 x 333. It can be seen that, if changes in E are not the whole effect of the sub- 
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stituents, they are at least the most important factor. Correction of the E values for variation 
of the viscosity of water with temperature (see Moelwyn-Hughes, ‘‘ Kinetics of Reactions 
in Solution,’’ Oxford, 1933, p. 20) would change the slope slightly, but the data are not accurate 
enough for elaborate treatment. 


Relation between E and the Polarity of Substituents——Nathan and Watson (J., 1933, 890, 
1248) have shown that for certain re- 


Fic. 2. actions of aromatic compounds contain- 
32,000 ing a variable substituent X, log(#/Z,p) 
m-NO. shows a functional relation with the 
30,000 Z dipole moment, p, of C,H,;X. Changes 
in log(k/Zap) were assumed to measure 
28,000 Op-50,H _ changes in E, i.e., P was assumed con- 
. plier stant. Since the reactions dealt with 
26,000 Pel _— were of the type for which P is usually 
: Pe of the order unity (Grant and Hinshel- 
24.000 HO wood, J., 1933, 258; Moelwyn-Hughes, 
: op. cit.), this procedure was reasonable. 
22.000 m-CH; Nevertheless, it is not without interest to 
: 7 2 3 plot directly observed values of E against 
loa. V. win the same way. This has been done, 
G0 . in Fig. 3, for the two series of reactions, 
Values derived from Cain and Nicoll’s measurements on C,H;;NH, with p-X°C,H,COCI and 
decomposition of diazo-compounds. p-X-C,H,NH, with C,H,°COCI, all in 

benzene solution. 


Further Investigation of the Nature of the Factor P.—The rate of reaction is much smaller 
than that of activating collisions between the reactant molecules. Since, e.g., in nitro- 
benzene the rate is about 100 times as great as in carbon tetrachloride, it is obvious that 
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the solvent plays a fundamental part in determining the interaction. The question arises 
whether the ratio of the number of molecules reacting to the number of activating collisions 
is simply measured by the probability that the appropriate solvent molecules should be 
present during the encounter. Light can be thrown on this question by studying the 
effect on the reaction in a relatively inert solvent of increasing amounts of a much more 
active solvent. With benzene as a solvent, the addition of nitrobenzene causes a linear 





determining the Velocity of Reactions in Solution. 1083 


increase in the velocity of reaction, both for the benzoylation of aniline and for that of 
m-nitroaniline. As shown by the results in Table V, the rate can be expressed in the 
former case by the formula 


-d{Ph-COCI]/dt = ko[Ph-COCI][Ph-NH,] + &,[Ph-NO,][Ph-COCI][Ph:NH,] 


where ky and k, at 25° are 0-0755 and 0-0828 respectively. 

For m-nitroaniline and benzoyl chloride a similar formula holds and , is 11-6 x 10~. 
The form of the equation suggests that the constant hp is of the form k’[C,H,]. If we give 
a kinetic interpretation to the action of the solvent, the linear relationship shows that we 
are dealing with ternary collisions, and not with collisions of still higher order. 


TABLE V. 


Additions of nitrobenzene to the benzene solution. 
Aniline and benzoyl chloride at 25-0°, dilution II. 


Normality of Ph:NO,, » 0 0-2 0°5 0-7 10 1:2 15 1-7 2:0 
100 (Fe + k,n), obs. ; 931 11°86 13°51 15°57 17°43 20°14 21°38 24°66 
7°55 921 1169 13°34 15°83 17°48 19°96 21°62 24:1 
ashen of the experiments at 5° and at 40° gave a value of 6,500 calories for the E corresponding 


to ky. 
: m-Nitroaniline and benzoyl chloride at 40-0°. 


Normality of Ph-NO,, » 1-0 1-5 2-0 
ky X 108 = (Rtotas — ho) /n : 10°5 113 116 
We may now make an estimate of the probability of such collisions. The number of 
ternary collisions (see e.g., Steiner, Z. physikal. Chem., 1932, B, 15, 249) between molecules 
A, B, and M per c.c. per sec. is given by the formula 





Zana = N¥r07430", py82RT./— tov~+2 + — ACB Om 


Map 


where N is Avogadro’s number, C,, Cg, and Cy are the concentrations in g.-mols./c.c., m,, 
my, and my are the molecular weights of A, B, and M, and mag is that of A and B taken 
together; o,, is (o, + og)/2 and oypy is (0,4 + og + oy)/2, where o,, og, and oy are the 
collision diameters of A, B, and M. 7 is the least definite of the quantities involved, being 
the duration of a binary collision between A and B. In order not to make arbitrary 
assumptions about it, a convenient plan will be to calculate the value which it would have 
to be given for every activated ternary collision to be effective, 7.e., in order that P of 
equation (1) should simply be the probability of the presence of the solvent molecule. 

For the reaction represented by the second term of equation (2), we have: no. of g.- 
mols. /]./sec. reacting when all three concentrations are 1 g.-mol./l. = k, = 0-0828. There- 
fore the actual number of molecules reacting per c.c. per sec. is 0-0828N .10°. This can 
be equated to Zypy.e*'"”. In calculating Zapy, Cx = Cp = Cy == 10%. The collision 
diameters will all be taken as 6 x 10% cm.; E is 6500 cals. On this basis, the value of 
tis5 x 10° sec. The time during which a pair of colliding molecules are within a mole- 
cular distance of one another is 10°-"—107 sec., unless association occurs, in which case 
the time will be greater. The value found for 7, therefore, shows that our original assump- 
tion is impossible. To give a physically intelligible value to 7, we must assume that a 
small fraction only, even of the ternary collisions, are effective. Thus the existence of the 
probability factor, P, independent of activation, cannot, in this example, be explained 
away as a purely kinetic factor, depending on the necessity for collisions with solvent 
molecules. 

SUMMARY. 


The rate of a bimolecular reaction in solution is given by the formula: number of 
molecules reacting = P .Z .e*/*?, where P is a factor independent of the activation rate. 
In the benzoylation of amines, P is extremely small. In spite of this, it has been found 
that the influence of substituents on the velocity of benzoylation of aromatic amines in 
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benzene solution depends principally on changes in the activation energy. Changes in 
P are of much smaller importance as long as the medium is unchanged. 

There are indications from other work that changes in E are the important factors 
determining the variation with substitution of the rate of reaction of aromatic compounds 
generally. 

A functional relation between the energy of activation and the polarity of the sub- 
stituent groups exists in the benzoylation reaction, as well as in other cases, where P 
approaches unity. 

Experiments in mixed solvents indicate that the factor, P, cannot be explained away 
as a purely kinetic factor depending on ternary collisions with solvent molecules, although 
such collisions appear to be an essential part of the reaction mechanism. 


We are indebted to the Royal Society and to Imperial Chemical Industries Ltd. for grants. 
[Received, May 10th, 1934.) 





228. Studies in the Composition of Coal. A Method of Estimating the 
Decomposition Points of Bituminous Coals. 


By H. W. Hissott and R. V. WHEELER. 


In a study of the composition and properties of a bituminous coal, measurement of its de- 
composition point, z.e., the temperature at which breakdown of the structure of the ulmins 
begins, is of considerable value, for that temperature is characteristic of the “‘ rank” of 
the coal. 

Holroyd and Wheeler (J., 1928, 3197) determined the decomposition points of a number 
of bituminous coals by long-continued distillations under vacuum with gradual increase 
in temperature. The decomposition point is then marked by an abrupt change in both 
the quantity and the character of the gases and oils distilled. This method, which gives 

accurate values within -+ 2°, is laborious and 
psi ihc iret i may take several weeks to complete. A 
shorter method was therefore sought. 

The method evolved has been based solely 
on the sudden change that occurs in the 
quantity of gases yielded by a coal when its 
decomposition point is reached. During 
preliminary experiments it became evident 
that the rate of rise of temperature of the 
coal was the most important factor in deter- 
mining the decomposition point in this 
manner. With a given coal, the more rapid 
the rise the higher the temperature at which 

b = the change in the rate of evolution of gases 
od od 7 ™ became pronounced ; in fact, it was necessary 
360" 370" to approach the exceedingly slow rate of 

heating adopted by Holroyd and Wheeler 
(about 25° per week) to obtain absolute values. Relative values are satisfactory, however, 
provided that, for a series of coals of different carbon contents, the differences from the true 
values are constant. 

The method, which is described in detail later, involves raising the temperature of 1-g. 
charges of the finely divided coal at the rate of 0-5° per minute, and measuring periodic- 
ally the volumes of gases withdrawn continuously by a vacuum pump. From the graph 
obtained on plotting the yield of gases against temperature, as in a in the fig., the decom- 
position point under the conditions of test can readily be assessed. We have thus deter- 
mined the relative decomposition points of a number of bituminous coals, of carbon content 
ranging between 77 and 90%, including most of those used by Holroyd and Wheeler. 
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Where comparison can be made, the temperatures have been found to be 10—15° higher 
than the absolute values, which can therefore be estimated with sufficient accuracy by 
subtracting 12° from the temperatures indicated by this rapid method. The results -re- 
corded in Table I illustrate this. 


TABLE I. 


The Decomposition Points of Bituminous Coals. 
Decomposition points. 





Carbon - “4 
Description of coal. content, %*. Absolute.f Relative. Difference. 


Seven Foot (Kingsbury) 770 295—300° 312° 15° 
Barnsley (Brodsworth), vitrain 81-2 305—310 320 13 
Barnsley (Brodsworth), durain 82°7 310 324 14 
Wigan Six Foot (Maypole) 82°8 315—320 333 15 
Parkgate (Cadeby) 83°4 325—330 337 10 
Silkstone (Rockingham) 83°7 325—330 337 10 
Parkgate (Rotherham Main) 85:0 — 346 — 
Virtuewell (South Blair) 86°3 — 350 — 
Six-Quarter (Haig) 86°6 320—325 335 13 
Busty (Tudhoe) 87°4 335—340 352 15 
Busty (Beamish Mary) 88°4 340—345 355 13 
Pensford (No. 2 Pensford) 88°4 360 — 
Two Foot Nine (Ferndale No. 7) 89°8 360—365 374 12 


* Calculated on the “ pure coal” basis. 
+ See Table III, J., 1928, 3197. 


It will be noted that, apart from the Six-Quarter (Haig) coal (which is abnormal in 
other respects), the relative decomposition points increase with the carbon contents of the 
coals. 

EXPERIMENTAL. 


In order that the sample of coal should be heated uniformly, it was necessary that it should 
be finely divided and distributed as a thin layer over the heating surface. The size of particles 
found most suitable was through 100 and on 200 mesh (I.M.M. standard). The retort ultim- 
ately adopted was made of hard glass and provided a flat heating chamber, measuring 
5 x 2-5 X 1 cm., in which 1 g. of the powdered coal formed a layer 3 mm. thick. An outlet 
tube, 20 cm. long, made connexion through a ground-glass joint with an automatic mercury 
Sprengel pump, a side tube in the pump-connexion enabling a thermocouple to be passed within 
the retort so that its hot junction was embedded in the charge of coal. The ground-glass joint 
was held together by spiral springs, and cooled by a water-jacket. The retort was heated in an 
electric resistance tube-furnace, the temperature of which could be raised at a regular rate by 
suitable adjustment of an external resistance. 

When making a determination of the decomposition point of a bituminous coal, the empty 
furnace was heated to a constant temperature of 250—300° (dependent on the carbon content 
of the coal to be tested); the retort containing 1 g. of the powdered coal (which had been 
evacuated) was then pushed into the furnace and allowed to attain its temperature. During 
this preliminary heating period, occluded gases were continuously removed by the pump. The 
temperature of the furnace was now raised at the rate of 0-5° per minute and the gases evolved 
collected at the delivery tube of the pump, which maintained a vacuum, within 3 mm., through- 
out the heating. For the collection of the gases, a graduated glass tube, 0-5 cm. in diameter, 
was used, and their volume could be measured accurately within 0-02 c.c. at regular intervals, 
usually of 4 minutes. On plotting the yield of gas against temperature, as in the fig., the point 
at which a rapid evolution of gas occurred could readily be determined. 

A check on the decomposition point as thus determined could be obtained, if the heating of 
the sample was not continued too long, by allowing the residue to cool in a vacuum and re- 
heating it; for the decomposition of the ulmin is gradual. Such a check could, in fact, be more 
accurate than the original determination, for the decomposition of the ulmins in the residue 
was not masked by the evolution of occluded gases or gases arising from the decomposition of 
minor constituents of the coal. For example, the decomposition point of the Silkstone coal 
as determined directly (a in fig.) was 337°. Heating was continued until the temperature had 
reached 367°, i.e., during 1 hour. The residue was allowed to cool to 300°, a vacuum being 
maintained, and was then reheated at the same rate as before. Hardly any gas was evolved 
until a temperature of 337° was reached (see b in fig.), but thereafter the volumes were but 
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little less than during the original heating. It may be noted that with the Six-Quarter (Haig) 
coal, which has an abnormally low decomposition point for its carbon content (see Table I), 
reheating indicated a second decomposition point at a higher temperature. 

The Effect of the Rate of Heating.—It will be understood that a too rapid rise in the temper- 
ature of the sample of coal would cause the sudden evolution of gas, indicative of the decom- 
position point, to be registered at too high a temperature, even if the decomposition of the 
ulmins were not gradual. The records in Table II show the effect of varying the rate of heating 
between 0-3° and 1° per minute for two coals. 


TABLE II. 


The Effect of Rate of Heating on the Decomposition Point of Bituminous Coals. 
Rate of heating, per “* Decomposition point.”’ 
Pensford. Busty (Tudhoe). 
372° 365° 
366 359 
360 352 
355 346 
— 337 


If the values for the “ decomposition points” of the Busty coal are plotted against the 
rates of heating, it will be found that they lie on a straight line which cuts the axis for a rate 
of heating “‘ nil’ at 337°, i.e., the value found for the same coal by Holroyd and Wheeler. A 
convenient rate of heating, which has been adopted as standard, is 0-5° per minute. With 
this rate of heating the values obtained for the decomposition points of bituminous coals can be 
regarded as uniformly 12° higher than the true values. 


DEPARTMENT OF FUEL TECHNOLOGY, 
SHEFFIELD UNIVERSITY. [Received, May 19th, 1934.] 





229. Periodic Acid and Periodates. Part I. Analytical 
Determination of Periodic Acid. 


By JAMES R. PARTINGTON and RAMA K. BAHL. 


In the course of a series of researches on the oxygen compounds of iodine now in progress 
in this laboratory, attention was first directed to periodic acid, since the existence of 
hydrates of iodine heptoxide containing less water than the ordinary periodic acid (para- 
periodic acid), H,IO,(1,0,,5H,O), is doubtful, metaperiodic acid, HIO,(I1,0,,H,O), having 
been only once described (Lamb, Amer. Chem. J., 1902, 27, 134). It has now been shown 
that metaperiodic acid is a definite compound, and a new hydrate, H,I,0,, dimesoperiodic 
acid, has been obtained. No evidence could be found of the existence of mesoperiodic 
acid, H,IO;, or of the anhydride, I,0,. 

Before commencing a study of the dehydration of paraperiodic acid it was necessary 
to have available proved analytical methods for the determination of iodine heptoxide in 
any of its forms of hydration, and of the periodates. The existing methods have therefore 
been critically tested, and two new and satisfactory methods have been introduced. 


Preparation of Paraperiodic Acid, H,I1O,.—Wells’s method (Amer, Chem. J., 1901, 26, 278) 
was slightly modified. A rapid stream of chlorine is passed through a boiling 10% solution 
of 60 g. of sodium hydroxide containing 12-7 g. of iodine. A white precipitate of disodium 
paraperiodate, Na,H,IO,, is formed and causes bumping. The flame is removed and chlorine 
is passed till the effervescence, which begins after precipitation, ceases. The sodium periodate 
is filtered off, washed, and boiled with a dilute silver nitrate solution containing the equivalent 
of 3 mols. of silver nitrate to 1 atom of iodine. The resulting black precipitate of silver meso- 
periodate, Ag,IO,, is suspended in water, and chlorine is passed with agitation till the pre- 
cipitate is nearly white but some of the silver salt still remains. The filtrate is concentrated 
on a water-bath and kept in a vacuum desiccator over calcium chloride. Monoclinic crystals 
(Rammelsberg, Ann. Physik, 1868, 184, 531) of paraperiodic acid are thus obtained. Crystals 
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could not be obtained by keeping the concentrated solution at atmospheric pressure over 
concentrated sulphuric acid or phosphoric oxide for 7 days. 

The crystals give off ozone on standing, as mentioned by Rammelsberg (Ber., 1868, 1, 73). 
Both starch—iodide paper and tetramethyl-base solution gave a distinct positive test for ozone, 
but benzidine solution gave only a faint brown colour. The crystals when heated at 100° 
gave all three reactions for ozone distinctly. If, during the preparation of the acid, passage 
of chlorine through the silver mesoperiodate suspension is too prolonged, chlorine peroxide is 
evolved from the crystals of the acid on standing in a desiccator. The crystals were finally 
dried over phosphoric oxide or sulphuric acid. They cannot be dried at 100° in air, although 
Rammelsberg (Aun. Physik, 1868, 134, 531) found them to be stable at this temperature. 
We find that slow decomposition occurs, and the ultimate solid product on prolonged heating 
in an open weighing bottle is iodine pentoxide. The following table shows the effect of heating 
2-2357 g. of acid at 100° in air (calc. for conversion into I,0;: loss, 26-75%). 


Time of | Loss of Time of Loss of Time of Loss of 
heating. wt., g. Loss, %. heating. wt.,g. Loss, %. heating. wt.,g. Loss, %. 
15 hours 0°4761 21:29 3 days 05203 23°27 10 days 0°5789 25°90 
1 day 0°4773 21:39 5°66 ,, 0°5425 24:26 14 ,, 0°5915 26°45 
2 days 0°495] 22°14 7 Fs 0°5549 24°82 


Further heating caused sublimation, and thus the loss for complete dehydration could not 
be determined. The iodine found in the residue was 75-85% (calc. for 1,0,: 76-05%). 

Determination of Periodic Acid.—(1) In the method given by Scott (‘‘ Standard Methods of 
Chemical Analysis,’ 1926, 1, 244) and used by Malaprade (Bull. Soc. chim., 1926, 39, 330), the 
acid is treated with a concentrated solution of potassium iodide in the presence of hydrochloric 
or sulphuric acid, and the iodine liberated is titrated with thiosulphate. One eighth of the 
total iodine is that present in the acid: 1,0, + 14HI = 8I, + 7H,O. 

This method was found to give low values for iodine in all the samples of paraperiodic acid 
examined (Found, in different samples A—E, as below: I, 53-33, 53-77, 53-69, 54-17, 53-81. 
Calc. for H,IO,: I, 55-70%). 

(2) Kimmins’s method (J., 1887, 51, 356) was found satisfactory after slight modification. 
In the original method the mixture of periodic acid, potassium iodide solution, and hydro- 
chloric or sulphuric acid is heated in a stoppered bottle for 6 hours in boiling water. It was 
found unnecessary to heat for such a long time and satisfactory results were obtained at a 
lower temperature, 60°. The iodine was titrated as in method (1) [Found, for first three samples 
in (1): I, 54-97, 55-34, 55-11%]. It is necessary to heat the mixture of the acid, potassium 
iodide solution and hydrochloric (or sulphuric) acid, otherwise the reaction is not quite com- 
plete. This is shown by the following experiment. 

1-2839 G. of paraperiodic acid were dissolved in water and made up to 250 c.c.; 10 c.c. of 
this solution were mixed with potassium iodide and hydrochloric acid. In one set of experi- 
ments the mixture was heated for about 15 minutes at 60°, but in the second set the iodine 
was liberated without heating. 


Vol. (c.c.) of N/10-Na,S,O, used when mixture is heated ‘ 17°90 17°85 
” ” ” » not heated ‘ 17°40 17°40 
” ” calculated for H,10, 1801 


(3) The acid was dissolved in water and reduced to hydriodic acid by passing in sulphur 
dioxide. The iodine was then precipitated as silver iodide in the presence of nitric acid, and 
the silver iodide weighed. 

I found, %. 
H,10,, g. AgI formed, g. (Calc. for H,IO,, 55°70%.) 
0°1248 56°02 
0°1804 56°09 
0°1254 55°95 
0°2424 56°07 


(4) The use of Bunsen’s method (Annalen, 1853, 86, 265) showed that only three oxygen 
atoms of HIO,,2H,O(H,IO,) were active. A known amount of the acid was boiled with 
concentrated hydrochloric acid in a small flask with a ground-glass joint, and the chlorine 
produced was passed through potassium iodide solution in U-tubes immersed in cold water. 
The iodine liberated was titrated against thiosulphate. 
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Weight of acid calculated 


N/10-Na,S,0, _ if all the four O atoms if only three O atoms 
H,10,, g. used, C.c. are active. are active. 


0°0878 22°50 0°0641 0°0855 
0°0298 7°70 0:0219 0°0293 
18°35 0°0523 0-0697 
13°80 0°0393 0°0524 


The results show that the reaction probably proceeds in two stages : 

(i) HIO, + 6HCl = HOI + 3H,O + 3Cl,. 

(ii) HOI + HCl = H,O + ICI. 

The solution in the flask turns yellow, which is the colour of iodine monochloride solution in 
hydrochloric acid, in which it is stable and does not decompose on boiling (Bunsen, A unalen, 
1852, 84, 1; Schiitzenberger, Compt. rend., 1877, 84, 389). Lamb (Amer. Chem. J., 1902, 27, 
134) probably used the above reaction equation when determining periodic acid by this method, 
although he gives no details. 

(5) Periodic acid could be titrated with standard sodium hydroxide, and methyl-orange as 
indicator (H,IO, taken, g.: 1-2478, 1-2839. Found, g.: 1-2472, 1-2882 respectively). With 
methyl-orange, periodic acid is monobasic (Giolotti, Gazzetta, 1902, 32, 340), but with phenol- 
phthalein it behaved as a dibasic acid. Samples A, B, and C showed basicities towards 
methyl-orange of 1-04, 0-95, 0-98, and towards phenolphthalein of 2-01, 2-08, —, respectively. 
The neutralisation thus proceeds in two stages : 

(i) H,IO, + NaOH = NaH,IO, (methyl-orange). 

(ii) NaH,IO, + NaOH = Na,H,IO, (phenolphthalein). 

In the particular solution used, no precipitation of sodium periodate occurred. When a 
solution of potassium hydroxide was used, a precipitate was formed. Titration with sodium 
carbonate and methyl-orange also showed that the acid was monobasic. 

(6) Determination of Oxygen Value.—A very successful method of determining the oxygen 
content of paraperiodic acid is to heat the solid in a combustion tube in an atmosphere of 
carbon dioxide (prepared by heating pure sodium hydrogen carbonate). The oxygen evolved 
is collected in a Schiff’s nitrometer containing 40% potassium hydroxide solution. 

H,10,,g. Vol. of O collected at S.T.P.,c.c. Wt. of O, g. O, %. 
0:0667 11°59 0°01655 24°81 
0°0667 11°45 0°01635 24°51 
0°0520 8°78 001254 24°11 
0°1247 21-40 0°03057 24°51 
0°0599 9°84 0-01405 23°47 


Decomposition according to the equation 4H,IO, = 10H,O + 21, + 70, requires O, 24-51%. 


SUMMARY. 


Kimmins’s method for the determination of periodic acid is slightly modified in that 
the mixture of periodic acid, potassium iodide solution, and hydrochloric acid is heated 
only for 15 minutes at about 60°. Bunsen’s method shows that only three oxygen atoms 
are active, so that iodine chloride is probably produced during the reaction. The oxygen 
content has been found by heating the acid in a combustion tube in an atmosphere of 
carbon dioxide and collecting the oxygen in a Schiff’s nitrometer. Iodine has also been 
estimated by reducing the acid by sulphur dioxide and precipitating as silver iodide in 
the presence of nitric acid. 


East LONDON COLLEGE. (Received, May 25th, 1934.] 





230. Periodic Acid and Periodates. Part II. The Dehydration of 
Paraperiodic Acid. 
By James R. PARTINGTON and RaMA K. Bau_. 


LaMB (Amer. Chem. J., 1902, 27, 134) states that metaperiodic acid, HIO,, is obtained by 
heating paraperiodic acid at 100° under a pressure of 12 mm. for about 22 hours. This 
experiment was repeated in a vacuum desiccator containing an electrical heating arrange- 
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ment. The acid lost two molecules of water, leaving metaperiodic acid, but during the 
process of heating, sublimation occurred and the loss of water could not be determined 
accurately by weighing the residue. At a lower temperature, v1z., 87°, a longer time, 
about 48 hours, was required for the dehydration and some sublimation took place. By 
heating at 80° in vacuum for 15—45 hours, no sublimation occurred, and the loss of weight 
corresponded with the formation of dimesoperiodic acid, H4I,O,. The formation of these 
two acids was demonstrated both by analyses of the residues and by measurements of 


vapour pressure during the course of dehydration. 
The iodine in the residue was determined by method (3) and the oxygen values by 


method (6), in Part I. 


EXPERIMENTAL. 


The following are the results of the dehydration in a vacuum at 100°. 


AgI I found, AgI I found, 
HIO,, g. obtained, g. %. Sample. HIO,, g. obtained, g. %. 
0°0500 0°0618 66°79 Y 0°0389 0°0469 66°6 
0-0868 67°39 0°1940 0°2396 66°74 


0°0696 
Mean: I, 66°90 (Calc. for HIO,: I, 66°14%). 


HIO,, g. Vol. of O collected at S.T.P.,c.c. Wt. of O, g. O, %. 
6°05 0:008642 28°71 

15°44 0:022050 28°14 

27°60 0:039430 28°40 

12°67 0°018100 28°01 

Mean 28°31 


Sample. 


Decomposition according to the equation 4HIO, = 2H,O + 2I, + 70, requires O, 29-16%. 
The percentage of iodine is somewhat high and that of oxygen somewhat low, so a small 
amount of decomposition of periodic acid had occurred. On the assumption that this took 


place with the formation of iodic acid, the com- Pec. 1. 
position of the residue would be HIO,, 87-00; 
HIO,, 13-00%. If iodine pentoxide is formed, 
the residue would be HIQ,, 92-33; I,0,, 7-67%. 

Vapour Pressure of Para- and Meta-periodic 
Acids at 100°.—In these experiments the acid 
was contained in a small bottle, B (Fig. 1), which 
was connected on one side with a manometer, M, 
through a tube E having a stopper F and a stop- 
cock D. Some washed and dried glass wool was 
placed in E in order to protect the mercury of 
the manometer from attack by the product of 
sublimation. The bottle, B, was also connected 
with a double-fall automatic Sprengel pump, a 
stop-cock C being interposed. 

At room temperature a high vacuum was 
recorded by the manometer. The stop-cock C 
was then closed, and the bottle B heated in a 
water-bath at 100°. The vapour pressure on the 
manometer was read. In order to avoid leakage 
through the ground joint caused by expansion 
on heating, the neck of the bottle was fitted into 
a rubber stopper surrounded with a wide tube J 
containing mercury, as shown. 

The vapour pressure of the paraperiodic acid 
at 100° was thus found to be 10 mm., and that B 
of metaperiodic acid, 7-5 mm. A mixture of the two acids gave a vapour pressure of 10 mm. 

It was not found possible to dehydrate the paraperiodic acid completely in this apparatus 
at 100° since copious sublimation occurred, leading to attack of the mercury in the pump and 
the manometer. Slight decomposition of the acid also took place, a few bubbles of gas being 
collected from the pump. The difference between the two vapour pressures at 100° is small 
and we were thus not able to find if there was any other intermediate hydrate between 
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1,0,,2H,O and I,0,,5H,O, although we have been able to prepare dimesoperiodic acid, H,I,0,, 
as described later, by dehydrating paraperiodic acid at 80° in a vacuum desiccator. More- 
over, by reason of the slight decomposition, we were unable to find a point between the vapour 
pressures of the para- and the meta-acid. The graph (Fig. 2) shows the vapour pressures of 
these two acids, and also the points obtained with two products made by partially dehydrating 
the para-acid at 100° in a vacuum desiccator. The composition of the residue in the bottle B 
was determined by an estimation of iodine by method (3) of Part I. 

Dimesoperiodic Acid, H,I,O,—Lamb (loc. cit.) attempted to prepare mesoperiodic acid, 
H,IO,, by dehydrating paraperiodic acid at different temperatures and pressures. In all 
experiments, he found that the point corresponding to the hydrate H,IO, was passed without 
the least indication of the formation of a definite compound. His observations have been 
confirmed in so far as the meso-acid is concerned, but we have found that a definite point is 
reached which corresponds to the formation of another hydrate, dimesoperiodic acid, H,1,Oy. 
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were obtained from samples prepared at 85° 
in @ vacuum desiccator. 


Paraperiodic acid was heated in the vacuum desiccator at 80° for 15—45 hours and the 
loss of water determined, since no sublimation occurred at this temperature. 


Time of heating, Wt. of H,I,0, Loss of wt. due to 
hours. Wt. of H,1O,, g. formed, g. H,O, g. H,O, %. 
15 10768 0°9589 0°1179 10°93 
19 0°9962 0°8848 0-1114 11°18 
29 0°4522 0°4002 0°0520 11°50 
45 0°6813 0°6022 0:0791 11°75 


The loss calculated for the reaction 2H,IO,=H,I,0, + 3H,O is 11-84%. No further loss 
was obtained in 48 hours. 

Iodine was determined in the dimesoperiodic acid H,I,O, by method (3) (Found : I, 62-68, 
62-05, 62-90, 62-70, 62-70 in five separate preparations A—E, as below. H,I,O, requires I, 
63-02%). The oxygen value was determined by method (6). The calculated value for H,I,0, 
is 27-87% (2H,0, = 4H,O + 21, + 70,). 


Sample. H,I,Oyg, g. Vol. of O collected at S.T.P.,c.c. Wt. of O, g. o, %. 
DD. camssuteniabientnnion 0°0600 11°20 0°0160 26°66 
DE -cedasiesaiatiuesenen 0°0610 11-20 0:0160 26°22 
y aceduatimatindswnbsian 0°0267 4°84 0:0068 25°90 
SRR ee 0°0694 13°10 0°0187 26°90 
DD :cemiadiadetiniaainianae 0°0454 8°50 00121 26°74 


The formation of H,I,O, was confirmed by determining the vapour pressures of para-, 
dimeso-, and meta-periodic acids and their mixture at 85°; these were 7-5, 5, and 3 mm. 
respectively. A mixture of the last two gave a vapour pressure of 5 mm., and one of the first 
two 7-5 mm. The curve (Fig. 3) shows the relationship between the percentage of iodine and 
vapour pressure at 85°. The points A and B were obtained from samples prepared by dehydra- 
tion at 85° in a vacuum desiccator. 

Attempts to prepare iodine heptoxide by heating paraperiodic acid at a higher temperature 
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in the vacuum desiccator resulted in the formation of iodic acid; the residue after heating at 
125° was analysed for iodine by method (3) (Found in three separate preparations: I, 70-01, 
70-36, 73-11. Calc. for HIO,: 72-15%). 

The oxygen values were obtained by method (6): that of HIO, is 22-72% (4HIO, = 
2H,O + 21, + 50O,). 


Sample. Residue taken, g. Vol. of O collected at S.T.P.,c.c. Wt. of O, g. oO, %. 
ID scsabvecesdbsinve 0:0430 6°80 0:009714 22°87 
DD ccacibcaniiiedinite 0:0418 6°57 0:009385 22°45 


It was thought that the sublimate formed during the preparation of metaperiodic acid by 
the dehydration of paraperiodic acid in a vacuum desiccator might be iodine heptoxide. The 
para-acid was heated in an open weighing bottle at 100° in the vacuum desiccator, and the 
heating continued for a long time in order to obtain enough sublimate on the sides of the 
weighing bottle. The meta-acid was removed from the bottle, the sublimate weighed, and the 
iodine value found by method (3) (Found in two separate preparations: 66-61, 68-04, mean 
67-32%). The sublimate does not consist of iodine heptoxide (Calc. : I, 69-39%) but of meta- 
periodic acid (Calc.: I, 66-14%). The slightly higher value is due to formation of iodic acid, 
since the sublimate gave the reaction for this. 


SUMMARY. 

Paraperiodic acid, HIO,,2H,O, at 100° in a vacuum loses two molecules of water, and 
metaperiodic acid, HIO,, is formed. On heating at 80°, in a vacuum, two molecules of 
paraperiodic acid lose three molecules of water and dimesoperiodic acid, H,I,Og, is formed. 
Mesoperiodic acid, H,1O;, and the anhydride, I,0,, were not obtained. 

The vapour pressures of paraperiodic acid at 100° and 85° are 10 and 7-5 mm., respec- 
tively ; those of dimeso- and meta-periodic acid at 85° were 5 and 3 mm., respectively. 


East LonpoN COLLEGE, UNIVERSITY OF LONDON. [Received, May 25th, 1934.] 





231. Periodic Acid and Periodates. Part III. Sodium and 
Silver Periodates. 


By James R. PARTINGTON and RAMA K. Bau. 


AMMERMULLER and Macnus (Amn. Physik, 1833, 28, 514) prepared disodium paraperiodate, 
Na,H,IO,, by passing chlorine into a solution of equal parts of sodium hydroxide and iodate, 
and silver metaperiodate, AgIO,, by evaporating a solution of silver dimesoperiodate in 
warm nitric acid. Rammelsberg (Ann. Physik, 1868, 134, 368) and Kimmins (J., 1887, 
51, 356; 1889, 55, 146) studied these salts in greater detail. As the disodium and di- 
argentous paraperiodates were produced during the preparation of periodic acid (Part I), 
we thought it desirable to examine their properties again. Some differences from recorded 
results were found. Work is in progress on the calcium, barium, and strontium salts, and 
the results will be communicated. , 

Disodium paraperiodate, Na,H,IO,, prepared as described in Part I, was dried at 100°. 
It has a smell of iodoform and is only slightly soluble in water. Sodium was determined as 
sulphate by heating in a crucible with sulphuric acid (Found : Na, 16-43, 16-89, 16-57. Calc, : 
Na, 16-91%); iodine was estimated by method (2) of Part I (Found: I, 46-12, 45-98, 46-00. 
Calc. : I, 46-69%), and also by method (3) (Found : I, 46-38, 46-31, 46-03%). Bunsen’s method 
[see (4), Part I] gave no definite results. It seems that a mixture of oxygen and chlorine is 
evolved when the sodium salt is boiled with concentrated hydrochloric acid, but attempts to 
determine the nature of the reaction led to no definite results, although the results with the 
free acid indicate that three atoms of oxygen are active. 

Weight of sodium periodate calculated 





N/10-Na,S,0, if four O atoms are if three O atoms are by multiplying titre 


Na,H,IO,, g. used, c.c. active. active. by 0°0049. 
0°1262 26°00 0:0884 0°1177 0°1274 
0:0204 4°25 0°0144 0°0192 0:0208 
0°0578 11°80 0°0401 0°0534 0°0578 
0:0406 8°10 0°0275 0°0367 0°0397 
0°0315 6°25 0°0212 0°0283 00306 


40 
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The figures in cols. 3 and 4 are lower than the corresponding figures in col. 1, whilst the values 
in col. 5, obtained by multiplying the titre by the arbitrary factor 0-0049, are almost the same 
as those in col. 1; no explanation can be given for this agreement. 

Hohnel (Arch. Pharm., 1894, 232, 222) claims to have obtained disodium paraperiodate by 
the action of sodium peroxide on iodine suspended in water, but we have been unable to confirm 
this reaction. 

Effect of Heat on Disodium Paraperiodate.—On heating, the sodium salt turns yellow and gives 
off water. On further heating, sublimation of iodine pentoxide occurs until the salt decomposes 
with the evolution of iodine and oxygen, leaving sodium monoxide. This mode of decom- 
position was confirmed by quantitative estimation of the oxygen evolved when the salt was 
heated in a boat in a combustion-tube under the conditions of method (6) in Part I (Calc. for 
4Na,H,IO, = 4Na,O + 21, + 3H,O + 70,: 20-58%). 













Na,H,I0,, g. Vol. of O evolved at S.T.P., c.c. Wt. of O, g. Oo, %. 
0°0410 5°68 0008114 19°79 
0°0248 3°42 0:004871 19°70 








4°64 0-006628 19°96 





0°0332 
This result was further supported by the fact that the residue in the boat consists entirely 
oi sodium carbonate and no iodide is present. 

On prolonged heating of the salt in a crucible, sodium monoxide remains (Found: Na,0O, 
23-00, 21-59, 21-88. Calc.: Na,O, 22-7%). 

Effect of Heating Disodium Paraperiodate, Na,H,1O,, in a Vacuum.—tThe salt was heated 
for 24 hours in the vacuum desiccator by an electrical arrangement at 100° and at 125°. There 
was no loss of water or change in weight. This indicates that the salt cannot be represented 
as Na,I,0,,3H,O, as suggested by Ostwald and Walden (J. pr. Chem., 1885, 32, 311; Walden, 
Z. physikal. Chem., 1888, 2, 65) and Cornec (Ann. Chim. Phys., 1913, 30, 157). According to 
the Ostwald—Walden rule, the simplest formula for 1 : 2 periodates should be M,1,O,, and there- 
fore the three known solid 1 : 2 alkali periodates should not be formulated as M,H,IO, but as 
M,I,0,,3H,O0 (M = Na, K, or NH,). The experiments do not support this, but there is one 
point in favour of the above formule. On being heated, the disodium salt Na,H,IO, gives at 
first a sublimate of iodine pentoxide, which can be more easily explained by the formula 
Na,I,0,,3H,O, giving 2Na,O + I,0; + O,. Iodine pentoxide on further heating is decom- 
posed into its elements: 21,0, = 21, + 50,. 

The corresponding yellow silver salt, Ag,H,IO,, has probably the constitution Ag,I,O,,3H,0, 
since, as described later, it loses water at 100° in a vacuum desiccator: Ag,I,0,,3H,O = 
Ag,I,0, + 3H,0. 

By passing chlorine through a concentrated solution of sodium hydroxide (about 65 g. per 
600 c.c.), a mixture of equal quantities of disodium and trisodium paraperiodates, Na,H,IO, 
and Na,H,IO,, was obtained (Found, in two specimens: Na, 20-55, 20-42. Calc. for Na,H;!0,, 
16-91; for Na,H,IO,, 23-47; mean, 20-19%). Similarly, the iodine determined by method (2) 
(Part I), viz., 44-79, 44-63, corresponded with the mean of that for the two salts, 46-69 and 































43-19, respectively. The mixture did not appear to be homogeneous, as some of the particles 
had a more shining appearance than the others. It had the smell of iodoform. Under the h 
microscope only crystalline plates of irregular shape could be seen. t 
Silver Periodates—Diargentous paraperiodate, Ag,H,IO, or Ag,I,O,,3H,O, was obtained P 
as a by-product in the preparation of periodic acid (Part I). When disodium paraperiodate ” 
is boiled with silver nitrate solution, a black precipitate of silver mesoperiodate, Ag,IO;, is 8 
obtained, which is filtered off hot. The filtrate on cooling gives a crop of yellow crystals of (I 
Ag,H,IO, (Found, as AgCl in HNO, solution: Ag, 48-94, 48-98. Calc. for Ag,H,IO,: Ag, " 
48-86%). These should not be boiled with water, as they are then changed into the black 
mesoperiodate. °. N 
The oxygen value of the silver salt, unlike that of the analogous sodium salt, Na,H;IO,, fo 





corresponds with the evolution of the whole of the oxygen and the production of a residue of 






Ag,H,1O,, g. Vol. of O collected at S.T.P.,c.c. Wet. of O, g. oo %. 
0°0578 6°62 0°009457 16°36 
0°0389 4°38 0°006257 16°08 











6°24 0-008914 16°06 





0°0554 








silver and silver iodide. The oxygen value corresponding with the decomposition 4Ag,H,IO, = 
4Agl + 4Ag + 6H,O + 90, is 16-28%. 
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This mode of decomposition was confirmed by heating the salt in a crucible, and examining 
the residue. The quantitative results were slightly low, since some of the silver iodide began to 
sublime. 

Kimmins (J., 1887, 51, 356) regards the silver salt, Ag,H,IO,, as Ag,I,0,,3H,O. He claims 
to have dehydrated the compound at 100° to Ag,I,0,,H,O, and at 130° to Ag,I,O,. We carried 
out similar experiments, but failed to obtain any intermediate hydrate. On heating the com- 
pound at 85°, the loss of weight indicates decomposition after the whole of water has been lost. 
Rammelsberg (Ann. Physik, 1868, 184, 368) reported 5-53% loss at 100°, and also that a higher 
temperature, 150°, is required to remove all the water, but neither Kimmins nor Rammelsberg 
seems to have heated the compound for a sufficiently long time. The decomposition is rather 
slow, but proceeds until the loss is 7-75%. The rate of decomposition at 85° is shown below : 

Time of heating, hours 21 48 

Loss, % : . 7°45 7°75 
There was no further loss on heating at this temperature or at 135°. The loss due to water 
would have been 6-20%, and the additional loss must be due to evolution of oxygen, a mixture 
of silver mesoperiodate and silver iodate probably being left (Found : Ag, 53-85, 53-15. Calc. : 
Ag, 58-06%) : 2Ag,I,0,,3H,O or 4Ag,H,IO, = 2Ag,IO,; + 2AgIO, + 6H,O + O,. 

Both AgIO, (Hill and Simmons, J. Amer. Chem. Soc., 1909, 31, 821; Millon, Ann. Chim., 
1843, 9, 400) and Ag,IO, are found to be quite stable at 135°. 

The silver salt Ag,I,0,,3H,O was heated at 90° in a vacuum desiccator. The rate of dehy- 
dration was much slower than when the salt was heated in air, as is seen from the following 
results : 

Time of heating, hours 26 31 47 
A 1°81 2°42 5°90 
Complete dehydration was attained after about 48 hours. 

This slow rate of dehydration or decomposition led us to believe that atmospheric oxygen 
at ordinary pressure plays some part in the change. In order to confirm this view, the salt 
was heated in an atmosphere of nitrogen at 85°; ; 
the rate of dehydration was found to be much slower 
than in air at ordinary pressure. 

We were thus able to dehydrate the silver salt 
Ag,I,0,,3H,O completely in a very high vacuum 
at 90° (Found, in two specimens: Ag, 51-68, 52-25. 
Calc. for Ag,I,0,: Ag, 52-05%), but were unable 
to obtain evidence of intermediate hydrates. The 
oxygen values, obtained as in Part I (6), also corre- 
spond with Ag,I,0O,. Two specimens gave 17-12, 
16-95% (Calc. for 2Ag,I,O, = 4AgI + 4Ag + 90,, 
17-34%). 

Vapour-pressure Determination.—In the dehydr- 
ation of the trihydrate, Ag,I,0,,3H,O, we stopped 0 2 45 
heating at the points corresponding with the di- and Loss of water, To 
the mono-hydrate, and determined the vapour Vapour pressures of silver salts at 90°. 
pressures of the solids at 90° in the way described 
in Part II. The anhydrous salt gave no vapour pressure at 90°, but the other so-called hydrates 
gave the same small vapour pressure as the dimesoperiodate, Ag,I,O,,3H,O, viz., 1-5 mm. 
(Fig. 1). At 100° the vapour pressures of the trihydrate and of the two supposed hydrates 
were all 2-5 mm. These results show that the intermediate hydrates do not exist. 

Silver Mesoperiodate, Ag,1O;.—This salt is obtained by boiling disodium paraperiodate, 
Na,H,IO,, with silver nitrate solution (Wells, Amer. Chem. J., 1901, 26, 278), whereupon it 
forms a black precipitate. It was also obtained by boiling the silver salt Ag,H,IO, in water, 
the crystals becoming black (Rosenheim and Liebknecht, Annalen, 1899, 308, 55). The product 
was washed thoroughly and dried at 85° (Found, in three specimens, as AgCl: Ag, 62-41, 
60-35, 62-10. Calc. for Ag,IO,: Ag, 61-00%). The oxygen values of the first two specimens 
were 15-12, 14-93 (Calc. for 2Ag,IO, = 2AgI + 4Ag + 50,: 14-87%). 

Diargentous Mesoperiodate, Ag,HIO,.—By dissolving the yellow crystals of Ag,H,IO, in 
water containing a few drops of nitric acid and keeping the solution, Kimmins (J., 1887, 51, 
356) obtained reddish-brown crystals of the mesoperiodate. This result was confirmed (Found : 
Ag, 50-00, 50-17. Calc.: Ag, 50-94%). 
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SUMMARY. 


Disodium paraperiodate, Na,H,IO,, does not show any loss of water at 100° in a vacuum, 
but on strong heating it decomposes: 4Na,H,IO, = 4Na,0 + 21, + 6H,O + 70,. 

Diargentous paraperiodate, Ag,H,IO,, behaves as Ag,I,0,,3H,O and loses the whole 
of the water on heating at 90° in a vacuum, anhydrous silver dimesoperiodate Ag,I,0, 
being obtained. It cannot be dehydrated at ordinary pressure in air as it decomposes. 
No intermediate hydrate can be obtained by dehydration in vacuum. 


One author (R. K. B.) thanks the Punjab Government (India) for having granted him leave 
which enabled him to participate in the work, and both authors thank the Chemical Society 
for a research grant. 
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232. The Dipole Moments of Vapours. Part I. 
By L. G. Groves and S. SUGDEN. 


THE measurements hitherto recorded of dipole moments of vapours are nearly all confined 
to substances with a moment of less than 2 Debye units (D = 10 e.s.u., c.g.s.). The 
work described below was planned to provide data over a wider range of dipole moments, 
since such measurements have now assumed a special interest in connexion with the 
interpretation of dipole moments deduced from observations in solution. The present 
paper describes the apparatus and method, and gives data obtained for four substances; 
it is intended later to provide data for a number of substances with dipole moments 
ranging from 0 to 4 D. 
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Apparatus and Method.—The dielectric constant of the vapour at a known temperature and 
pressure was measured by a resonance method, using the circuit shown in Fig. 1. The oscillator 
is of the Dynatron type, using a Mullard P.M. 12 screened-grid valve. This type of oscillator 
has been found to give greater stability of frequency and amplitude than a quartz-crystal 
oscillator when used under laboratory conditions. The high-frequency radiating circuit consists 
of the inductance L, and the capacity C,; the high-frequency current was restricted to the 
anode-filament circuit by means of the choke and blocking condenser L, and C,. 

The coil L, and the pick-up coil L,; were wound on specially constructed formers consisting 
of two ebonite rings joined at the edges by ebonite rods. This arrangement gives the minimum 
amount of dielectric in the field of the coil, and, by reducing energy absorption, makes the 
resonance curve sharper. The frequency used was approximately 1000 kc., and the field 
strength such as to give a resonance potential across L, of about 9 volts with a distance of 
25 cm. between the parallel coils L, and L3. 

The resonance coil was tuned by the system of condensers C,, C,, C;, and C,; C, was an 
inexpensive variable condenser for rough tuning, and was maintained at a fixed capacity during 
a series of measurements. C, represents the capacity of the cell containing the vapour; the 
small change in capacity of C, when vapour was admitted to the cell or removed from it was 
measured by the combination C,—C, of two condensers in series. C, was small, of the order of 
10 uu F, whilst C, was a Sullivan standard variable condenser of maximum capacity 1200 uyF. 
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It is clear from simple theory that for a given state of resonance, a small change in capacity of 
C, (itself of the order of 100 yuF) will require a large change in C, to bring the circuit back to 
the same state of resonance. On this principle depends the accurate measurement of the 
small changes occurring in C, as a result of the introduction of vapours and gases. In order 
to obtain a high sensitivity on the galvanometer, conditions were adjusted to give a very sharp 
resonance curve. This was done by making a series of experiments with the receiving coil at 
varying distances from the oscillator for different values of grid bias. From a set of such 
measurements, the sharpest curve was obtained when the coils were separated by 25 cm., and 
the grid bias was — 9 volts. 

In making measurements, the galvanometer was used as a null instrument. The circuit 
was tuned by C, until a point, half-way up the resonance curve, was reached where, under the 
above conditions of grid bias, etc., the sensitivity of the apparatus was such that a 1% change 
in capacity of C, effected a 10% change in anode current. (The anode current at peak was 
of the order of 120—130 microamps.) 

A typical measurement was made in the following manner. The cell C, was evacuated, 
and the anode current adjusted by C, to the appropriate point on the resonance curve, main- 
taining a large reading on C;. The resistance R, was then adjusted until the bulk of the anode 
current was balanced out, leaving a suitable small reading as constant reference point. Vapour 
or gas was then introduced into C,, producing a small increase in capacity; this was com- 
pensated by reducing the value of C, until the galvanometer recorded the same value for the 
anode current as it did before the admission of gas. 

If C, and C,’ be the readings of the measuring condenser before and after the admission of 
gas, then it is easily shown that AC,, the change in the capacity of Cg, is given by 


AC, = C,°(C; — C5’) /[C5C5" + C4(Cs + Cs’) + C,7). 


Hence ¢ — 1 is given by 





1 AC, C,* C, — C,’ 1 

, CC CCP + CIC + Ce) FCS ee 
It should be noted that C, in equation (1) is the replaceable capacity of the cell, and does not 
include the stray capacities of leads, etc. The term C,? in the denominator is very small and 
can be neglected. 

Construction of Cell.—The cell consisted of two stainless-steel cylinders fixed concentrically 
with a gap of about 1mm. _ It was sealed inside a large glass bulb immersed in an electrically 
heated oil-bath. Leads were taken from the inner and the outer cylinder to mercury cups on 
the top of the vessel. In use, the outer cylinder and the iron vessel containing the oil-bath 
were earthed to give as complete shielding as possible. 

A very simple device proved satisfactory for fixing the steel cylinders rigidly together. 
Small grooves were made in the walls of the annular gap at three positions 120° apart. These 
grooves were a little too small to admit three short lengths of glass rod when the cylinders 
were concentric. Two of the rods were held in position whilst the outer cylinder was distorted 
in a vice till the third could be slipped into position. On releasing the outer cylinder the rods 
were gripped firmly. Three similar rods were inserted in the other end of the gap and gave a 
very rigid assembly. Owing to the larger expansion of glass than of the differential expansion 
of the two cylinders, it was anticipated that the cylinders would be bound more tightly together 
at higher temperatures. This expectation was justified since it was found that the capacity 
of the cell showed no change after repeated heating and cooling. 

Calibration of Cell.—It will be seen from equation (1) that the dielectric constant of the 
cell contents can be deduced from an apparatus constant C,?/C,, the initial and the final reading 
of the measuring condenser C,, and an approximate knowledge of C, (C, was measured and 
found to be 10 uuF + 0-7). The latter need not be known with great accuracy since the 
term in the denominator of (1) involving C, is small compared with the product C,;C,’. The 
cell was therefore calibrated by making observations with gases of known dielectric constant. 
From the measurements of Bryan and Sanders (Physical Rev., 1928, 32, 202), Stuart (Z. Physik, 
1928, 47, 457), and Zahn (Physical Rev., 1926, 27, 455), the mean polarisation of air was taken 
as 4-368 c.c. and that of carbon dioxide as 7-317.c.c. It being assumed that the polarisation 
of these gases does not change with temperature and that the gas laws hold, the dielectric 
constant of the gas at a known temperature and pressure may be calculated by the relation 


e—1=Ppx4810x105/T . . . . . (8) 
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where P is the molecular polarisation, p the pressure (in mm. of Hg), and T the absolute 
temperature. 

One of the chief difficulties encountered in these measurements was a slow change in ampli- 
tude of the oscillation which caused a drift in the zero reading of the galvanometer. This drift 
slowly diminished with time, and after some hours even changed in sign. In order to eliminate 
errors due to this drift, the valves were run until it was small, and observations made in pairs 
in the order (1) cell evacuated, (2) cell filled, (3) cell evacuated. With gases, the cell could be 
filled and emptied in a few seconds, and with vapours all the observations could be made in 3 
minutes. The results calculated from (1) and (2) will be affected by the zero drift in the opposite 


TABLE I. 
Calibration of Cell. 
(e — 1) 
?, mm. x 104. Cy per. AC,. C2/C.. Mean. 
783 7 . ao eon 
1152-7 448°7 1-055 f 
780°5 5°682 re 447°3 1°071) 
11727 461°3 1-050 f 
777 3°842 aa 350°7 1-034 
1128-7 327°4 1-084 
Carbon dioxide 783 9°549 1140°0 585°6 1-060 


554°4 ‘ : 
1138°7 584°3 1-061 


1-060 
1-061 
1-059 


1-061 


> 585-0 1-060 
lisg3 «5803 1-065 


675°3 ‘ - 
1162-0 486°7 1-055 J 


781°2 6°430 1155°3 484-0 1055 


671°3 ‘ 
1149°3 478°0 1-062 


Mean C,2/C, = 1-060 + 0-001. 


direction to those calculated from (2) and (3), so the mean value of the pair of results largely 
eliminates the error due to this cause. The data for the calibration of the cell are set out in 
Fic. 2 full in Table I to indicate the magnitude 
a) of the differences between the members 
To pump of each pair and the constancy of the 

and gauge mean values. 

The air was dried by passage over 
phosphoric oxide, and the carbon 
dioxide was taken from a cylinder of 
the compressed gas, which was known 
from analysis to contain 99-9% CO,. 

Control of Vapour.—After ' several 
trials, it was found that the most 
convenient method of admitting vapour 
to the cell was a slight modification of 
the apparatus of Miles (Physical Rev., 
1929, 34, 964) shown in Fig. 2. The 
tube A leading to the cell in the oil- 
bath was heated electrically with a 
winding of nichrome wire lagged with 
asbestos. A suitable quantity of liquid 
was introduced into the bend of the 
U-tube and cooled by a freezing mixture. The cell was evacuated through tube C, and a 
little dry air admitted through the leak B. Regular ebullition in the left-hand limb was 
facilitated by the platinum wire sealed into the heated limb. Air was swept out of the cell 
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by admitting vapour and pumping it out several times, leaving a few mm. pressure of vapour 
in the cell. By careful manipulation of B, any desired pressure of vapour could then be rapidly 
introduced into the cell or rapidly removed by opening the connexion to the pump. The 
pressure recorded on the gauge was corrected for any difference of level of the liquid in the 
arms of the U-tube. 

The four liquids for which data are given below were specimens which had been purified 
by one of us for the determination of dielectric constant in the liquid state (Sugden, J., 1933, 
768). 

The molecular polarisations were calculated by equation (2), which assumes that the vapour 
obeys the gas laws. To ensure that deviations from these laws did not introduce appreciable 
errors, small pressures of vapour were employed; usually 50 mm. for the more polar vapours, 
and never more than 200 mm. It is estimated that the error due to neglect of gas-law 
corrections is less than 1 part in 500. 

DIscUSSION OF RESULTs. 


The data obtained are collected in Table II. Col. 3 gives for each temperature the 
individual values of the molecular polarisation, each obtained from a pair of measure- 
ments to eliminate zero drift. For the three polar substances an equation of the Debye 
form P = Py + 6173y?/T (where » is measured in Debye units) was fitted to the data by 
the method of zero sum, and the values of P calculated by this equation are given in col. 4. 
Since interest attaches chiefly to the values of the moments, these were calculated for each 
temperature by using the value of P, , , given by the best-fitting Debye equation, and 
are recorded in the last column. 

The data for benzene are in satisfactory agreement with those of McAlpine and Smyth 
(J. Amer. Chem. Soc., 1933, 55, 453), who find P = 26-87. For chlorobenzene, Smyth 
(Faraday Soc. Discussion, April 1934) quotes » = 1-70D from unpublished observations 
of McAlpine. No data have been found in the literature for comparison with the observ- 
ations on nitrobenzene and benzonitrile. The moments found for the vapour are con- 
siderably larger than those obtained in non-polar solvents by the usual methods, viz., 
u = ca. 40D. 

TABLE II. 


Polarisation of Vapours. 


P, obs. Mean. P, calc. . se P, obs, Mean. P, calc. 
Benzene. Nitrobenzene. 
3 26°2 402°0° 310-0, 309°6 309°8 310°2 
5 26°3 414°0 303-0, 300°9, 304°2 302°7 302°3 
9 
“2 


to 
=z) 


26-0 433°0 290-2, 291-2 290°7 290°7 
26°3 453°0 280-2, 278°5 279°4 279°4 
496°0 262°2 262°2 258°4 
ra ee ra 523-0 242-4, 243-4 242-9 246-9 
80°7 Mean p = 4°23 + 0°01. 
165 Benzonitrile. 
73°8 383°0 337°6, 335-7 336°6 341°6 
72°5 401°0 328-9, 325°5 327°2 327-7 
70°0 ‘ 426°0 317°5, 3141 315°8 310°4 
Mean p = 1°69 + 0°01. 452°0 294°5, 295-7 295°1 + 294°5 
475°0 276-4, 280°9, 278°6 2786 281°6 
498°0 271°1, 275°7 273°4 270°0 
525°0 257-5, 256°7 257°1 = -257°7 
Mean p = 4°39 + 0°02. 


The constants for the substances examined are collected in Table III. It will be seen 
that the values of P, obtained are small and of the order of magnitude found for other 


TABLE III. 


Dipole Moments and Atomic Polarisations. 
Substance. : Paxsz. . Pr. 
26°2 25:1 
Chlorobenzene ; ; 34°9 31-0 
Nitrobenzene y . 36°2 32°0 
Benzonitrile ; , 31°4 31°6 
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substances. Owing to the form of the Debye equation, small errors in the determination 
have a large effect upon the value found for Py. The value of P, , , found for benzo- 
nitrile is probably too low. 


We are indebted to Sir Robert Robertson, K.B.E., F.R.S., for giving us facilities for 
carrying out this work. 
BIRKBECK COLLEGE, GOVERNMENT LABORATORY, 


FETTER LANE, Lonpon, E.C. 4. CLEMENT’S INN PASSAGE, STRAND. 
[Received, May 28th, 1934.] 





233. The Photo-oxidation of Rubrene. 


By EpMuND J. BowEN and FRED STEADMAN. 


Tue red hydrocarbon rubrene, Cy.H9g, first prepared by Moureu, Dufraisse, and Dean 
(Compt. rend., 1926, 182, 1440), forms a peroxide when its solution containing dissolved 
oxygen is exposed to visible light. No oxidation takes place in the dark. The reaction 


Ph Ph Ph 
Or WN/\__ ¢N/S 


Oo Q 


is probably 


eT Nad AG 
h o—-O-%, 


The peroxide is stable in solution, and is colourless, so the progress of the oxidation can 
be followed by colorimetric estimation of the dissolved rubrene. 

The molecular weight of the peroxide (cryoscopic in benzene) is 561 (calc. for Cy.H,,0, : 
564). 

EXPERIMENTAL. 

Preparation of Rubrene.—aaxy-Triphenylpropargyl alcohol. 4-8 G. of magnesium were allowed 
to react with 23 g. of ethyl bromide in ether, and 20 g. of phenylacetylene, diluted with ether, 
were added. After boiling under reflux for 30 minutes, the solution was added in small portions 
to an ethereal solution of 35 g. of benzophenone cooled in ice. The mixture was again boiled 
under reflux for 1 hour, cooled, and poured on ice, and 13 g. of sulphuric acid were slowly 
added. The ethereal layer was washed, dried with sodium sulphate, and the ether distilled 
off, leaving a brown oil which deposited crystals of the carbinol on standing. This was 
recrystallised from ligroin and benzene; m. p. 78—80° (yield, 20%). 

Conversion of the carbinol into the chloride. 9 G. of the carbinol and 40 c.c. of dry light 
petroleum (b. p. 40—60°), in a vessel fitted with a thermometer and a stirrer, were cooled to 4° 
and 1-4 g. of phosphorus trichloride, dissolved in 10 c.c. of light petroleum, were added drop 
by drop. The solid was filtered off, washed with sodium bicarbonate solution, and then with 
water, and dried over sulphuric acid in a vacuum. The chloride melted at 60—62° (yield, 
70%). When purified by solution in ether, addition of alcohol, and crystallisation in a vacuum, 
it had m. p. 67—71°. This purification was wasteful, however, and was found unnecessary. 

Rubrene. 2G. of the chloride together with a trace (2%) of quinoline were heated in an 
oil-bath at 120° in a test-tube evacuated by a water-pump. After 2 hours, evolution of 
hydrogen chloride had ceased, and crude rubrene remained. The solid was washed with ether 
and dissolved in benzene, high-boiling ligroin added, and most of the benzene evaporated off 
ina vacuum. The red crystals deposited were recrystallised in this way several times (daylight 
being excluded), the yield of purified rubrene being about 35%. The substance melted quite 
sharply at about 330° on the surface of molten lead. 

Insolation.—The light source was a Hanovia mercury-vapour lamp, the light being con- 
densed and rendered monochromatic with the filters already described (Bowen, J., 1932, 2236). 
The rubrene solutions were exposed in parallel-walled quartz cells holding 2—30 c.c., according 
to the concentration of the solutions. Through the rubrene solutions, oxygen (or air, or 
oxygen—nitrogen mixtures) was bubbled from a fine jet so that the solution was kept saturated 
(as shown by the constancy of the reaction rate with the rate of flow of gas). For the colori- 
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metric estimation of the variations of the concentration of the rubrene solutions after exposure, 
a spectrophotometer was not available. It was found, however, that the extinction coefficients 
of the solutions varied rapidly enough with wave-length in the yellow region of the spectrum 
to make measurements of concentration possible from the position of the “‘ edge’’ of the 
absorption band as seen in a visual spectrometer. 

Exposures were made at the ordinary temperature and at three wave-lengths, 5460, 4360, 
and 3666 A.; the light absorption of the rubrene solutions was complete down to concen- 
trations of M/1000; below this concentration, absorptions were measured with a Pulfrich 
colorimeter. 

The numbers of quanta absorbed in the reactions were estimated by separate exposures 
using Leighton and Forbes’s uranyl sulphate—oxalic acid method (J. Amer. Chem. Soc., 1930, 
52, 3139). As this method is inapplicable to the green line 5460 A., determinations for this 
line were made by comparison of its intensity with that of the 4360 A. line by means of a 
thermopile. 

The following is a summary of the results (all rubrene concentrations are given in g.-mols. / 
100 1.). 

Solutions in Benzene Saturated with Oxygen at 1 Atm. 


(a) Variation with light intensity. 


TEAROTING CONGR. ccccscitcccccrveccescssce : 2-0 0°1 
Light intensity 27 100 
Rate/light intensity 27 163 


The rate is directly proportional to the light intensity. 


(b) Variation with wave-length. 


RR, Bh conics esiniciniencininsiincianmnnmenssilaysiiiiies 3660 4360 
Quantum efficiency { “ubrene conca. 30 A a0 


The quantum efficiency is independent of wave-length between these limits. 


(c) Variation with rubrene and oxygen concentration. 
Partial press. of O (atm.) in equilibrium with solutions. 
1-0. 0-2. 01. 
Quantum efficiency. 





Rubrene - 
concn. Exp. 


2-0 

1°53 
1-30 
1-20 
0°85 
0°70 
0°65 
0°32 
0°25 
0°10 
0°02 
0°01 


;-S] 
_ 
a 


Exp. Calc. Exp. Calc. Exp. Cale. ~ 
1:04 , 0°95 0:90 


10 0°87 
10 0°86 
0°76 0°80 
0-70 0°77 
0°70 0°76 
0°5 0°6 


0°34 0°54 


ee 
les| 


me 


Oo © ¢ 
oo 


0°12 0-09 
0°09 0°05 


22 22 © Se 
mo a 
on oa 


The points in the fig. show the measured quantum efficiencies of oxidation plotted against 
the rubrene concentrations. 

It seems clear from the results that (a) the oxidation is not a chain reaction; (b) collisions 
between normal and excited rubrene molecules do not result in deactivation, since at a rubrene 
concentration of 2-0 x 10-*M in benzene saturated with oxygen in equilibrium with the air 
(1-5 x 10-*M-oxygen; Fischer and Pfleiderer, Z. anorg. Chem., 1922, 124, 61), the number of 
collisions of an excited rubrene molecule with normal rubrene molecules is 3 x 10° per sec., 
while the number of collisions with oxygen molecules is 4-6 x 108 per sec. (calculated from the 
gas-collision formulez; see Moelwyn-Hughes, “‘ Kinetics of Reactions in Solution,’’ Oxford, 
1933, p. 17), the quantum efficiency, however, being unity. 
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If the concentration range examined had not been below 0-01M, it might have been con- 
cluded that the photo-oxidation was simply R + fy—-—>R’; R’ + 0O,——>RO,. This, 
however, does not account for the falling off of quantum efficiency below this concentration, 
The results are most simply interpreted by the following mechanism : 


R + 4yv— R'—> deactivated (by collision with solvent molecules or by fluorescence) 


R' +0, + R—$RO, +R 

Rate of formation of R’ = quanta absorbed per second 
= rate of disappearance of R’ 
= k,[R’] + &{[R’}[RJ[O,] 

Rate of formation of RO, = ,{[R’][R][O,] 

whence, quantum efficiency = [R][O,]/{k,/k, + [R][O,]}} 


The curves in the fig. are plotted for this equation, k,/k, being taken as 3 x 10~, and in 
the “ calculated ”’ columns of the foregoing table are given the quantum efficiencies calculated 
from this equation. The agreement is within the accuracy of the measurements, which was 
limited by the method of estimation employed. 
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If this mechanism is correct, molecules capable of deactivating excited rubrene molecules 
should exert an inhibitory action by raising k, to [k, + k, (inhibitor concentration)]. 
Table I gives some measurements on solutions of rubrene in different solvents saturated 


with oxygen at 1 atm., y being the quantum efficiency. 


TABLE I. 
Wave-length : 5460 A. 
Rubrene 


’ Solvent. concn. 

Benzene ‘ , 100 G.-mols. of C,H, + * g.- 
Carbon disulphide j ‘ mols. of 
Anisole ‘ , %. 
Benzaldehyde ’ ‘ 3 o-Nitrophenol 
Nitrobenzene ....:....... ‘ ' 10 Phenol 
Aniline i , Resorcinol (saturated) . 
Quinoline . ‘ 10 Iodobenzene 

10 p-Toluonitrile 

10 Nitromethane 


mw OOfee 
S228 


It is clear that certain substances exert a marked inhibitory effect, whereas others, ¢.g., 
benzaldehyde or phenol, which might be expected to inhibit, hardly do so at all. The rates 
are very slow in nitrobenzene, quinoline, and aniline, and further experiments, given in Table II, 
show the effect of addition of these substances to benzene solutions of rubrene. 
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TABLE II. 
Wave-length = 5460 A.; rubrene concn. = 1°0 x 10 g.-mol./l. 

Solvent: 100 g.-mols. benzene + % g.-mols, inhibitor (saturated with oxygen at 1 atm.). 
Inhibitor. %, y, Obs. y, calc. Inhibitor. #. y, obs. y, calc. 
Aniline 0°85 0°76 Nitrobenzene 2 0°33 0°33 

0°65 0°62 . 4 0°12 0°19 
0°58 0°53 6 0-11 0-14 
0°46 0°46 Quinoline 2 0°94 0°87 
1 0:20 0:25 5 0°76 0°76 
10 0°48 0°63 
Solvent: 100 g.-mols. benzene + 5 g.-mols. aniline (saturated with oxygen at 1 atm.). 
Rubrene concn, y, Obs. y, calc. 
1-41 0°50 0°51 
0°68 0°31 0°34 
The values of y, calc. in Table II, are obtained from the formula y = [R])[O,]/{3 x 10-* + 
k,{1] + [R}[O,}} where [I] is the inhibitor concentration; the specific inhibiting powers (k,) of 
nitrobenzene, aniline, and quinoline being 6-0 x 10+, 1-66 x 10, and 0-27 x 10~ respectively. 
The above conclusions about the course of the reaction, and also the nature of the 
molecules which inhibit it, show that the mechanism of inhibition is not, as is often the case 
in the inhibition of chain oxidations, an oxidation of the inhibiting molecule (cf. Backstrém 
and Alyea, J. Amer. Chem. Soc., 1929, 51, 90). Neither can the inhibition be ascribed to 
compound formation between rubrene and the inhibitor, for the absorption spectra of 
benzene solutions of rubrene are not appreciably changed by addition of the inhibitor. 
If the inhibiting action is a specific deactivating effect, it would be expected that the 
strong fluorescence of rubrene in benzene solution would be destroyed by inhibiting sub- 
stances. Actually, it was observed that, although very small additions of nitrobenzene 
and of o-nitrophenol destroyed the fluorescence of solutions of rubrene in benzene, yet 
aniline and quinoline had little or no effect, solutions of rubrene in these liquids fluorescing 
as brightly as solutions in benzene. Since nitrobenzene and organic bases are powerful 
inhibitors and phenol is not, it seems possible that a molecule is an inhibitor if it is a 
“proton acceptor,” 7.¢., the activated rubrene molecule is capable of prototropic change 
(resulting in deactivation) on collision with such molecules, in the same way as the 
(unexcited) molecule of nitroamine behaves (cf. Brénsted and Pedersen, Z. physikal. 
Chem., 1924, 108, 185). It is hoped that further experiments along these lines may throw 
light on the chemical nature of the activated, as distinct from the normal, rubrene 
molecule. 
SUMMARY. 


1. The photochemical oxidation of rubrene by dissolved oxygen in benzene solution 
has been shown to depend on a termolecular collision between an activated and a normal 
rubrene molecule and an oxygen molecule. 

2. The reaction is inhibited by certain substances in a manner which suggests that the 
deactivation is of the nature of a protropic change of the excited molecule. 


PuyYSICAL CHEMISTRY LABORATORY, 
BALLIOL AND TRINITY COLLEGES, OXFORD. [Received, June 4th, 1934.] 





234. The Dissociation Constants of Organic Acids. Part IX. 
Some Amic Acids. 


By GreorGe H. JEFFERY and ARTHUR I. VOGEL. 


THE determination of the primary dissociation constant of a dibasic acid involves a know- 
ledge of the limiting mobility of the HA’ ion. This constant cannot be determined directly 
from conductivity measurements with the sodium or potassium hydrogen salt, NNAHA == 
HA’ + H’, owing to the secondary ionisation, HA’ => A” + H’. Chandler (J. Amer, 
Chem. Soc., 1908, 30, 694) assumed that the mobility of the acid anion would be the same as 
that of the most closely related monobasic anion, and compared, ¢.g., the hydrogen malonate 
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ion, CO,H-CH,°CO,’, with the propionate ion, CH,°CH,°CO,’. In another method, he 
calculated the mobility from the empirical equation 9,,,, = 0-6 »,., where %,,, and 
2», are the limiting mobilities of the two ions. Vogel (Part I, J., 1929, 1485) assumed 
ons: = 0-5 9, Both procedures are clearly only approximate. The development 
of a new combined solvent and hydrolysis correction for the ionisation of the disodium 
salts of dibasic acids, Na,A == 2Na* + A” (which will shortly be published), permits 
of the evaluation of the limiting mobility of the bivalent ion, A”, with some accuracy, 
and it was therefore clearly desirable to obtain experimental evidence relating this to the 
limiting mobility of the acid anion. This was achieved by measuring the conductivities 
of the sodium salts of the corresponding amic acids, CO,Na*(CR,R,)z°CO*-NH,; the ionis- 
ation of the secondary hydrogen atom is thus suppressed. Further, consideration of the 
parachor of the carbamyl and the carboxy-group indicates that the molecular volumes, 
which will of course affect the mobility, are very approximately equal, and hence a close 
approximation to the mobility of the acid anion should be obtained. The approximation 
will be closer the greater the molecular weight of the acid. 

Four amic acids (x = 1, 2, 3, and 4) were investigated. They were all prepared 
according to the general scheme : 


CO,Et CO,H CO,NH CO,H 
(CHy).< EG? *Et —> (CHy).<< E09? sEt > (CHy).< Eo: NH, —> (CH,).<¢o? ‘NH, 


although, for succinamic and glutaramic acids, another method, involving the use of the 
anhydrides (see p. 1103), was also employed. 

Conductivity measurements of the acid in silica cells and of the sodium salts in Pyrex 
cells were made over the range 0-0001—0-01N. The combined solvent and hydrolysis 
correction (Part VII, J., 1933, 1637; Part VIII, this vol., p. 166) was applied to the sodium 
salts, and the true dissociation constants were calculated as previously described (loc. cit.). 
The final results are summarised below. 

Malonamic Succinamic Glutaramic Adipamic 
Mobility of anion 35°5 315 30°0 28°6 
K ymerm. X 105. 2-892 2-510 2-352 

The constancy of the dissociation constants above ca. 0-001N indicates clearly that 
the dissociation of the carbamyl group, if any, is negligible; the slight variations below 
this concentration are probably due to the combined influence of the solvent correction 
and the interaction between the carbonic acid and the amic acid, the effect of which becomes 
inappreciable at higher concentrations. Where secondary dissociation does occur, as in 
the normal dibasic acids, the constancy does not appear until about 0-005N (unpublished 
observations). 

The relationship between the limiting mobility of the acid anion and of the correspond- 
ing bivalent ion will be discussed in a later paper. 


EXPERIMENTAL. 


Preparation of Materials —Malonamic acid. TBoots’s ethyl malonate was converted into 
ethyl hydrogen malonate, b. p. 145—146°/18 mm., by treatment with potassium hydroxide 
(Walker, J., 1892, 61, 711). 21 G. of the acid ester were treated with 35 c.c. of ammonia (d 
0-88) at 0°, the whole kept in a stoppered bottle in the ice-chest for 48 hours, acidified with 
ice-cold dilute sulphuric acid, and the liquid extracted several times with diethyl ketone. The 
extract was dried (sodium sulphate) and the solvent removed under diminished pressure; 
9 g. of solid, m. p. 106—110°, remained, which after five recrystallisations from diethyl ketone 
had m. p. 121° (Found: C, 34-94; H, 4-89. Calc.: C, 34-91; H, 4-85%). 

Sodium malonamate was prepared by dissolving a weighed quantity of the acid in absolute 
ethyl alcohol, and adding, from a carefully calibrated burette, the calculated volume of a standard 
(approx. N /2) solution of sodium ethoxide, prepared by dissolving Kahlbaum’s sodium (‘‘ pure 
for analysis ’’) in absolute alcohol and titrated against standardised hydrochloric acid. The 
sodium salt gradually separated, and, after filtration, was recrystallised by dissolving it in a small 
quantity of cold water and precipitating it by addition of absolute ethyl alcohol (Found: Na, as 
sulphate, 18-36; N, by distillation with NaOH solution, 11-12. Calc.: Na, 18-41; N, 11-19%). 
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Succinamicacid. Specimen1. Succinicacid, A.R., on distillation with pure acetic anhydride 
yielded the anhydride, b. p. 138—140°/15 mm., m. p. 119° (from chloroform). 20 G. of the 
anhydride were dissolved in dilute aqueous ammonia, the excess of ammonia expelled by warm- 
ing on the water-bath, and silver succinamate precipitated by the addition of silver nitrate 
solution (cf. Hoogewerff and van Dorp, Rec. trav. chim., 1899, 18, 361). The silver salt was 
suspended in water and decomposed with hydrogen sulphide, and the solution filtered and 
evaporated by warming in a vacuum on a water-bath. It is essential to carry out the evapor- 
ation under diminished pressure, since at the ordinary pressure the substance is decomposed 
with the evolution of ammonia. The product (12 g.) was recrystallised from acetone containing 
a little ether, and melted sharply at 157° (Hoogewerff and van Dorp, Joc. cit., give 156—157°). 

Specimen 2. 29G. of methyl hydrogen succinate, m. p. 58°, prepared from succinic anhydride 
by Bone, Sudborough, and Sprankling’s method (J., 1904, 85, 529), were treated with 42 c.c. 
of aqueous ammonia (d 0-88), and worked up as described for malonamic acid; 15 g. of the acid 
were isolated, m. p. 157° after two crystallisations. 

Sodium succinamate was prepared as described for sodium malonamate (Found : Na, 16-57; 
N, 10-05. Calc.: Na, 16-56; N, 10-08%). 

Glutaramic acid. Specimen 1. Glutaric acid, ex nitrile, m. p. 97—98°, was converted into 
the anhydride, b. p. 160—162°/15 mm., m. p. 57° from chloroform-ether, by distillation with 
pure acetic anhydride. 10 G. of the anhydride were treated successively with concentrated 
aqueous ammonia, silver nitrate, and hydrogen sulphide as detailed for succinamic acid, and 
finally yielded 6 g. of acid, m. p. 93—94°, after recrystallisation from acetone—ether. 

Specimen 2. 20 G. of methyl hydrogen glutarate, b. p. 154—156°/14 mm., prepared by 
refluxing the anhydride with pure dry methyl alcohol, were treated with aqueous ammonia 
and worked up as usual; 12 g. of glutaramic acid, m. p. 93—94° after recrystallisation, were 
obtained (Found, for mixture of equal weights of specimens 1 and 2: C, 45-90; H, 6-84. Calc. 
for C;H,O,N : C, 45-80; H, 6-87%). 

Both specimens of the acid, although analytically pure, did not yield constant values for 
the true dissociation constant, possibly owing to the presence of minute traces of impurities. 
Each specimen was therefore separately recrystallised three times from ethyl acetate and then 
employed in the conductivity measurements; m. p. 94°. 

Sodium glutaramate was prepared in the usual manner (Found: Na, 15-08; N, 9-23. Calc. 
for C;H,O,NNa: Na, 15-04; N, 9-15%). 

Adipamic acid. 20 G. of methyl hydrogen adipate, b. p. 164—166°/18 mm. (Morgan and 
Walton, J., 1933, 91), were treated with aqueous ammonia as described above, and on acidific- 
ation a white solid was precipitated which was filtered off, a further quantity being obtained 
by extraction of the filtrate with diethyl ketone. The yield was 13 g., and the m. p. 161° 
after recrystallisation from diethyl ketone (Found : C, 49-53; H, 7-61. C,H,,0O,;N requires C, 
49-67; H, 759%). Etaix (Ann. Chim., 1896, 9, 376) gives m. p. 125—130° for “‘ adipamic 
acid,’’ which was recrystallised from hot water ! 

Sodium adipamate was prepared as above (Found: Na, 13-72; N, 8-45. C,H,O,;NNa 
requires Na, 13-78; N, 8-38%). 

Conductivity Measurements.—The general technique and apparatus were as described in 
earlier papers of this series. Four cells of the Hartley and Barrett type, two of silica, R 
(0-02586,) and Q (0-02674,), and two of Pyrex, S (0-03422,) and V (0-02871,), were used; the 
figures in parentheses are the corresponding cell constants, which were checked at regular in- 
tervals by the method described in Part IV (J., 1931, 1719). All the measurements were carried 
out at 25° + 0-01°. 

Solvent Correction and Calculation of the Dissociation Constants.—No correction was applied 
to the acid solutions. The combined solvent and hydrolysis correction for the sodium salts 
was applied as detailed for sodium phenylacetate (this vol., p. 167). The specific conductivity 
of the water was first subtracted from that observed for the salt, and this gave the following 
preliminary values : 

Mobility of anion. 

Sodium malonamate: A," = A, + 481:2 C%8* — 84°52 34:7 

Sodium succinamate: A," = A, + 361°4 C814 = 80°11 30°3 

Sodium glutaramate: A," = A, + 177°5 C%74 = 78°17 28°4 

Sodium adipamate: A,*= A, + 1811 C4? — 76-92 27°1 
With the aid of the above mobility figures and one run for each of the acids, the following 
preliminary classical dissociation constants were computed: malonamic acid, 2-482 x 10 
(Aj = 382-7); succinamic acid, 3-052 x 10° (A, = 378-3); glutaramic acid, 2-641 x 10° 
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(Ay = 376-4); adipamic acid, 2-477 x 10-5 (A, = 375-1). The successive stages of the calcu- 
lations are identical with those previously described (this vol., p. 167). 

The final results are tabulated below. For the sodium salts, « is the specific conductivity 
of the water used, A, norm. is the equivalent conductivity after the application of a normal 
solvent correction, [H’] is the hydrogen-ion concentration computed by means of equation 
(8) or (10) (J., 1933, 1639), A, corr. is the conductivity corrected by means of equation (11) 
(Part VII, J., 1933, 1639), C is the concentration in g.-equivs. per litre, Ag” is the value of A, 
calculated by means of the “‘ »’”’ formula, the constants of which are given at the head of the 
table; 2) - is the limiting mobility of the appropriate anion. 

For the acids, c’”’ is the ionic concentration corresponding to the molecular concentration 
C, calculated as described in Part VI (J., 1932, 2837), two approximations being sufficient; 
Ag was obtained from the relationship 

A.CO,H*(CH,),°CO"NH, = AHCI — ANaCl + ACO,Na*(CH,),°CO-NH,, 
the conductivity data for sodium chloride and hydrochloric acid given in Parts IV and V 
(J., 1931, 1715; 1932, 400) being employed. K perm. is the thermodynamic or true dissociation 
constant, deduced from the equation log Kinerm. = log K’ — 1-010 c’’5, where K’ is the 
dissociation constant computed from the corresponding degree of dissociation «’ = A,/A¢. 
The figures in parentheses were not employed in the calculation of the mean. 


Cx10*. A, norm. [H*)x107. A,corr. <A,*. Cx10*. A,norm. [H*]x107. A,corr.  <A,”. 
Sodium malonamate (M = 125-04). 
Ag" = A, + 450°4098, A.* = 85°31. Nox’ = 35°5. 

Run 1. Cell S. x = 0°832. Run 2. Cell V. «= 0°823. 
84°56 17°13 (85°78) —_— 2-498 84°48 15°41 (85°32) 
84:10 84°68 85°29 7°782 83°87 10°01 84°41 
83°69 ‘ 84°18 85°24 15°12 83°29 6°58 83°78 
82°96 ‘ 83°33 85°28 37°61 81°93 3°72 82°01 
82°35 ‘ 82°60 85°33 49°91 81:24 3°15 81°31 
81°71 . 81°89 (86°72) 66°12 80°69 2°98 80°72 
81:22 . 81°29 -—— 78°06 80°32 2°81 80°31 
80°44 . 80°46 — 95°42 79°85 2°62 79°85 

Sodium succinamate (M = 139-05). 
Ag" = A, + 330°0C0%843, A," = 81°29. Agxy’ = 31°5. 

Cell V. x = 0°806. Run 2. Cell S. « = 0°812. 
771 (81°72) —_ 3°112 80°12 4°16 (81-29) 
3°07 80°44 81°15 5°667 79°80 3°27 80°72 
1:98 80°18 81°35 11°23 79°57 2°21 80°19 
1-01 78°97 81°34 17°56 79°15 1°56 79°68 
0°50 78°01 (81°73) 25°12 78°82 1°13 79°20 
0°41 77°32 -- 42°24 78°15 0°53 78°27 
0°30 76°50 — 70°01 77°13 0°39 7717 
0-11 75°72 —_— 102°5 76°30 0°22 76°31 


Sodium glutaramate (M = 153°07). 

o” = A, + 167°6C%8*, A,* = 79°83. Ax’ = 30°0. 

Cell V. «x = 0°717. Run 2. Cell S. 
6°33 (79°81) _ 3112 8 77°31 
2°37 78°18 79°83 9998 77°09 
1°45 77°22 79°70 17°59 76°43 
0°80 76°09 79°99 32°51 75°44 
0°46 74°83 (80°63) 45°99 74:77 
0°33 74°01 -- 57°52 74°28 
0°26 73°45 — 73°83 73°75 
0°18 73°10 — 96°74 73°25 

Sodium adipamate (M = 167-09). 
Ag" = A, + 202C%S6, A.* = 78°38. Agx = 28°6. 
Cell V. «x = 0°724. Run 2. Cell S. 

701 (79°10) _ 3012 = 77°01 4:14 
3°56 77°41 78°39 10°05 76°03 2°33 
2°71 76°77 78°31 14°49 75°74 1°81 
1°51 75°67 78°28 29°82 74:58 0°91 
0°68 74°47 (78°81) 43°14 73°86 0°51 
0°47 73°87 — 57°52 73°32 0°43 
0°39 73°19 — 72°25 72°91 0°35 
0°33 72°76 — 98°14 72°25 0°25 





cx 104. 


1-466 

7°496 
12°77 
27°38 
55°05 
71°84 
90°21 
99°44 


Run 1. 

2-958 

5°619 
10°52 
23°07 
45°50 
59°62 
80°89 

106°2 


Ae. 


Run 1. 
260°61 
156°33 
131-12 
96°74 
72°34 
64°61 
58°70 
56°19 


Cell R. 


101°20 
77°35 
58°50 
40°89 
30°39 
26°14 
22°52 
19°77 
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Cell Q. 
383°12 
383-03 
382°88 
382°67 
382-14 
381-73 
381-47 
381-31 


o””’ x 104. 
Malonamic acid (M = 103°04; A, = 383°5). 


= 0°671. 
0°9969 
3°1299 
4°3721 
6°9246 
10°3833 
12°1585 
13°8819 
14°6545 


K therm. 
x 105. 


(20°71) 
(20-23) 
(22°61) 
22-91 
22-82 
22-98 
22-91 
22-92 


C x 104. 


2°512 

7306 
11-14 
19°08 
32°57 
40°04 
62°99 
89°12 


Ag. 


Ag. 


Run 2. Cell R. 


210°23 
162°14 
138°94 
112°31 
90°17 
82°51 
68°19 
58°65 


Succinamic acid (M = 117:06; A, = 379°6). 
« = 0°768. Specimen l. 


379°14 
379°15 
379°16 
379°14 
379°05 
378°98 
378°90 
378°83 


0°7897 
11460 
1°6234 
2°4880 
3°4875 
41119 
4°8047 
5°5541 


(2°816) 
(2866) 
2-882 

2-899 

2-911 

2-906 

2-886 

2-888 


Run 2. Cell Q. « 


1512 

3°970 

7°910 
16°42 
28°79 
52°25 
69°01 
96°72 


137-02 
88°01 
65°22 
49°01 
36°61 
27°31 
24°41 
20°82 


383°13 
383°04 
382°94 
382°87 
382°47 
382°31 
381°90 
38149 


= 0°784. 


379°15 
379°17 
379°16 
379°15 
379°10 
379°01 
378°96 
378°85 


c’”’ x 104. 


x = 0°692. 
13782 
3°0918 
4°0407 
5°5964 
7°6786 
8°6414 

112472 
13°7009 
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K therm. 
x 105. 


(20°52) 
(21°74) 
(22-65) 
22°81 
22-85 
22-72 
22°78 
22°84 


Mean 22°84 


0°5464 
0°9215 
1°3606 
1°9932 
2°7803 
3°7649 
4°4339 
5°3099 


Specimen 2. 


3-040) 
2-794) 
2-881 
2-894 
2-889 
2-881 
2-914 
2-870 


Mean 2°892 
Glutaramic acid (M = 131:08; A, = 378-0). 


Run 1. Cell R. «= 0°729. Specimen 1. Run 2. Cell Q. «= 0°734. Specimen 2. 


1-467 

7°050 
12°10 
25°90 
46°83 
65-03 
87°29 

101°8 


132-91 
65°38 
51°19 
35°93 
27°15 
23°20 
20°17 
18°75 


377°35 
377°24 
377°16 
377-02 
376°83 
376°71 
376°58 
376°51 


0°5169 
1-2218 
16423 
2°4685 
3°3735 
4:0041 
4°6751 
5:0667 


(2°764) 
2-496 
2°503 
2-507 
2-509 
2-508 
2°516 
2-519 


2°457 

7°876 
19°14 
29°42 
37°17 
55°63 
75°16 
91°53 


99°50 
62°21 
41°42 
33°85 
30°31 
25°01 
21°68 
19°72 


377°32 
377°23 
377°10 
376°98 
37691 
376°78 
376°65 
376°55 


0°6479 
12989 
2°1018 
2°6417 
2°9891 
3°6926 
4:3262 
4°7394 


(2-278) 
2-498 
2-509 
2-509 
2-511 
2-511 
2-518 
2-518 


Mean 2°510 


Adipamic acid (M = 145°09; Ag = 376°6). 


x = 0°603. Run 2. Cell R. = 0°618. 


Cell Q. 


376°02 
375°99 
37591 
375°71 
375°59 
375°48 
375°44 


1:0278 
14026 
2°0557 
3°3496 
4:0371 
4°6679 
4°9079 


(2-056) 

(2°100) 

(2-164) 
2-333 
2-357 
2-363 
2-372 


1-001 

7317 
14°05 
28°87 
43°09 
60°76 
79°12 
95°36 


135°75 
59°21 
44°01 
32°29 
26°98 
23°01 
20°48 
18°85 


376°07 
376-02 
375°96 
375°85 
375°74 
375°64 
375°54 
375°47 


0°3613 
11522 
16449 
2°4803 
3°0870 
3°7305 
4:3148 
4°7875 


(2013) 
(2-100) 
(2116) 
2-348 
2-338 
2-332 
2-371 
2-365 


Mean 2°352 
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235. Some Reactions with Heavy Water. 


By A. H. HucGues, J. Yupxin, I. Kemp, and E. K. RIDEAL. 


GENERAL INTRODUCTION. 


ALTHOUGH in a number of reactions involving deuterium and its lighter isotope, the re- 
action velocity with the former is smaller on account of the difference in zero-point energies, 
yet information is scanty concerning reactions involving heavy water. A number of ex- 
periments have been reported indicating that heavy water is toxic to living organisms 
(see summary by Lewis, Science, 1934, 79, 151); but since the rates of biological processes 
are in general highly susceptible to small changes in hydrogen-ion concentration and to. 
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the oligodynamic action of small traces of impurities, it was considered advisable to examine 
a living system in a carefully buffered solution. It will be noted that the experimental 
data obtained for yeast are in general agreement with the conclusions of Pascu (J. Amer. 
Chem. Soc., 1934, 56, 245), viz., that heavy water does indeed possess toxic properties. 
An attempt has been made to examine separately a few of the simpler reactions which play 
a part in the living cell, in the hope of limiting the field of enquiry as to the cause of the 
toxicity of heavy water. Although heavy differs from light water both in fluidity and in 
surface tension, the differences are not so great as to lead us to anticipate any marked 
difference in the solvation of the bio-colloids. Again, in reactions in solutions of heavy 
water it is not at all evident that the rate of any reaction would be governed by the speed 
of a stage in the reaction which is dependent on the difference in the zero-point energies 
of H,0° and D,O° or OH’ and OD’. It was thus important to examine processes of 
hydrolysis, and for this purpose both a chemical hydrolysis, viz., that of palmityl chloride 
by water, as well as an enzyme hydrolysis, triolein by lipase, have been investigated. 
Although on inorganic catalysts the reactions involving hydrogenation proceed at 
different speeds with the two isotopes, it was of interest, as far as the development of a 
microtechnique rendered it possible, to examine the 
relative rates in systems involving biological oxidation and 
reduction. In these cases especially, the effects of an 
environment of heavy water and the effects of heavy water 
oy lil ANE if participating in the reaction itself have to be dis- 
g tinguished. If the process involves the direct oxidation of 
part of a complex molecule according to the simple oxid- 
ative mechanism postulated by Warburg, no effect other 
than that of an environment is to be anticipated, but if 
the oxidation-reduction process proceeds through the 
mobilisation of hydrogen, as suggested by Wieland, the 
possibilities of interchange of the hydrogen with that in 
the water, or of part of the hydrogen being derived from 
the organic molecule undergoing dehydrogenation and part 
from the water itself, have to be considered, whilst the 
reactivities of the two isotopic mobilised hydrogens may 
differ in a manner analogous to that of free molecular hydrogen and of hydrogen 
chemiadsorbed at metallic catalytic substrates. 


Fie. 1. 


To 
electrometer 


I. The Behaviour of Unimolecular Films on Heavy Water (with A. H. HuGueEs). 


It has been shown (Hughes and Rideal, Proc. Roy. Soc., 1933, A, 140, 254) that chemical 
reactions taking place in unimolecular films can be studied by the method of surface 
potentials. It is here shown that with suitable modifications the method is capable of 
dealing with a film spread on a quantity of liquid as small as 0-1 c.c. Two reactions have 
been studied, the hydrolysis of palmityl chloride by water and the enzymic hydrolysis of 
triolein,* the latter being presumably a complex reaction some stage of which might be 
expected to be affected by substitution of heavy hydrogen for hydrogen. 


A pparatus.—Fig. 1 illustrates the micro-surface potentiometer employed for dealing with 
films on a volume of liquid of the order 0-1 c.c. The liquid is contained in a recess A, depth 
2 mm., cut in an ebonite disc, B. Through the base of the recess projects a fine capillary filled 
with a stiff agar gel and dipping into a solution of potassium chloride, into which also dips a 
silver wire connected to a potentiometer. The air electrode C, of copper wire, whose tip is 
coated with polonium, passes through a second ebonite disc held firmly to the lower one by a glass 
shield (1’’ in diameter), and is fixed about 1 mm. above the liquid surface. The copper wire 
is connected to a Lindemann electrometer. In other respects the apparatus is identical with 
that described by Schulman and Rideal (Proc. Roy. Soc., 1931, A, 180, 259). 

Procedure.—To prevent leakage of the film from the liquid surface, the upper surface of the 


* We are indebted to Dr. J. H. Schulman, who is making a detailed examination of the behaviour 
of the lipases on surface films, for particulars concerning hydrolysis. 
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lower ebonite disc was coated with paraffin wax. A major difficulty, the removal of contamin- 
ation from the aqueous surface, was solved by dusting animal charcoal over the surface to absorb 
any contamination. A small piece of wax was then melted on to the liquid, and when soft 
could be peeled off together with the adhering charcoal. 

The zero potential of the liquid thus cleaned could be repeated to within +10 mv. A 
further check of the corrections of this zero could be made with reference to the maximum 
potential of a film of a known standard substance such as dodecyl alcohol (400 mv.). 

The substance to be examined cannot be spread in the usual way by adding drops of a light 
petroleum solution since the solvent dissolves the surrounding wax. The appropriate volume 
of the solution was, therefore, allowed to evaporate on the end of a fine glass rod. On dipping 
the rod in the surface, the substance spreads off to a unimolecular film. 

Results.—(i) The hydrolysis of palmityl chloride, which had not hitherto been studied in 
a surface film, was examined on a larger scale with ordinary water at pq 7-4 (M/20-phosphate 
buffer), and found to be highly suitable. The hydrolysis is complete in about 15 minutes at 
20°, the final value of the surface potential (AV) coinciding with that of palmitic acid under the 
same conditions, 


Fic. 2. 








° H,0. 
x D,0 25%. 
0 D,0 87h. 





AY, millivo/ts. 
Go 
S 
Ss 























0 
Time, minutes. 


Hydrolysis of palmityl chloride at 19—21°; py 7°4. 


This reaction was then studied in the micro-trough on 0-1 c.c. of water, with the same result. 
Two samples of D,O-rich water (D,O, 30% and 91-5%) were available. To ensure control of 
pu, the 0-1 c.c. of water or heavy water was diluted with 0-005 c.c. of M-phosphate buffer at 
pu 7-4. Five runs were done with each filling of the trough, the surface being, of course, cleaned 
as described between each run. The change of surface potential (AV) with time for palmityl 
chloride is plotted in Fig. 2. No marked differences in the velocities of hydrolysis were 
observed. 

(ii) The hydrolysis of triolein by pancreatin presented a further difficulty in that the triolein 
film could not be satisfactorily spread on the surface of the enzyme solution. It was, therefore, 
spread first, and the enzyme, dissolved in buffer solution, was injected under the film through 
a fine capillary. 

The enzyme solution contained 34 mg. of Merck’s pancreatin per c.c. in M-phosphate buffer 
bu 7-4; 0-01 c.c. of this solution was injected under a film of triolein spread on the surface of 0-1 
c.c. of water in the micro-trough. Four experiments were done with water. The trough was 
then filled with 0-1 c.c. of 30% D,O, injection of the pancreatin solution thus reducing the 
D,O concentration to 27-3%. To ascertain whether heavy water had any effect on the activity 
of the enzyme over a prolonged period, a solution of the same concentration of pancreatin was 
made in 0-1 c.c. of 30% D,O containing the residue from evaporation of 0-1 c.c, of the M- 

4D 





1108 Hughes, Yudkin, Kemp, and Rideal : 


phosphate buffer. 0-01 C.c. of this solution of pancreatin in D,O after standing for 12 hours 
was then injected into 0-1 c.c. of water, and in another experiment into 0-1 c.c. of 30% D,O. 
The change of surface potential (AV) of triolein with time in each case is plotted in Fig. 3. 
The experiments were repeated with a second sample of Merck’s pancreatin with ordinary 
water, 0-005 c.c. of the buffered enzyme solution being used, making a solution approximately 
M /20 in phosphate; 0-1 c.c. of 91-5% D,O was then substituted for the water, giving a D,O 
concentration of 87% (see Fig. 4). 


Fie. 3. Fic. 4. 
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&Fancreatin inH,0. ‘Film on,0. 
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Hydrolysis of triolein by pancreatin at 20°; py 7°4. Hydrolysis of triolein by pancreatin. 
































A relevant correlation lies in the values of the maximum surface potential (AV, max.) for 
various film-forming molecules. These values are determined in the first place by the dipole 
moment of the polar head group and by the polarity of the surrounding medium. Observed 
values of AV, max. are shown in the accompanying table on water and heavy water mixtures. 


AV, max. (mv.); 20°. 





cr 


Substance. H,0. 28—30% D,O. 87—91°5% D,0. 


Dodecyl alcohol 

Triolein 

Tripalmitin 

Palmitic acid, pq 7°4 5 251—264 


No differences are manifested, the variations being due to the difficulty of spreading exactly 
the requisite quantity of substance for a uniform film at its maximum compression, but the 
similarity of the readings indicates that the induction effects between the polar head group of 
the film-forming substance and the solution are of the same order for water and for heavy 
water, ‘ 


Discussion.—It is at once clear from the observed reaction velocities that an environment 
of up to 87% D,O has no marked effect on the rate of hydrolysis of palmityl chloride, or on 
the presumably more complex enzymic hydrolysis of triolein. Two conclusions may thus 
be drawn. (1) Any effects due to the higher viscosity of the medium in heavy water are 
negligible. (2) If the reaction proceeds in stages, then the slow stage is not that involving 
heavy water or its ions; or alternatively, heavy water and the OD’ ion react at the same 
speed as water and OH’, 
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II. The Effect of Heavy Water on Xanthine Oxidase (with J. YUDKIN). 


In order to study the effect of heavy water on a dehydrogenase system, xanthine 
oxidase was chosen, partly because both enzyme and substrate are obtainable in a dry 
form. It was also of interest because water is supposed to be involved in the oxidation, 
the dehydrogenation proceeding, according to Wieland, via a hydrated form of hypoxanthine. 


The Warburg manometer was used. 0-1 C.c. of M/20-phosphate buffer pg 7-5 was placed 
into each of two cups and evaporated to dryness. About 10 mg. of the dry enzyme prepar- 
ation (kindly supplied by Mr. D. E. Green) were weighed into each cup, and about 1 mg. of hypo- 
xanthine into each side tube. 0-3 C.c. of ordinary or heavy water was measured into each cup, 
and 0-2 c.c. into the side tube. After 10 minutes’ shaking in the bath at 37°, the contents of the 
side tube were mixed with those in the cup, and the oxygen uptake measured. 

In 1} hrs., 10-2 mg. of xanthine oxidase + 1 mg. of hypoxanthine absorbed 22-3 and 22-8 
c.mm. of oxygen (at N.T.P.) in water and in 30% D,O respectively, showing that there is no 
inhibition of xanthine oxidase in the latter. 


Ill. The Effect of Heavy Water on the Respiration and Fermentation of Yeast 
(with J. YUDKIN). 


Small concentrations of heavy water (0-5°%) have no effect on the fermentation of yeast 
(Macht and Davis, J. Amer. Chem. Soc., 1934, 56, 546), but inhibition is stated to occur 
in higher concentrations (60% or 100°) (Pascu, ibid., p. 245). It was thought desirable 
to repeat the experiments, with buffered solutions, and at the same time to measure the 
effect of the heavy water on respiration. 


The measurements were carried out in the Warburg manometer. On the one sample of 
yeast were measured: (1) the difference between oxygen uptake and carbon dioxide output, 
(2) the oxygen uptake, (3) the anaérobic carbon dioxide output (i.e., fermentation), (4) the oxygen 
uptake again. 

The Warburg technique permits measurement of these quantities without disturbance of 
the experimental fluid. The measurement (4) showed whether any serious change had occurred 
in the sample during the experiment. 

The estimations were carried out in ordinary water and in 30% heavy water at 18°. To 
0-5 c.c. of the water in each Warburg cup was added 0-05 c.c. of a suspension of baker’s yeast 
in M/2-potassium dihydrogen phosphate containing 50% of glucose. In two experiments, 
0-05 c.c. contained 25 mg. of glucose, the quantities of yeast (different samples) being 10 and 
15 mg. respectively. 

Results.—The results, expressed in c.mm. (at N.T.P.) of oxygen or carbon dioxide in 30 
minutes at 18° are shown in the table. 


Experiment 1. Experiment 2. 
30% % In- 30% % In- 
D,O. hibition. H,0. D,O. hibition. 
0, uptake (1) ; 47 16 57 49 14 
CO, output (aérobic) f 53 15 74°5 59 21 
CO, output (anaérobic) j 93°5 19 106°5 94:5 11 
0, uptake (2) 49°5 9 46 41 12 


It will be seen that both respiration and fermentation are inhibited to about the same 
extent, the results for the latter reaction confirming those of Pascu. The smaller oxygen 
uptakes at the end of the second experiment are attributable to the unavoidably long duration 
of this experiment; nevertheless, the inhibition is practically unaltered. 


We thank Dr. H. A. Krebs for assistance in development of the manometric technique. 


IV. The Effect of Heavy Water on the Cytochrome—indophenol Oxidase System 
(with J. YUDKIN). 


It has been shown that the respiration of yeast takes place chiefly through the dehydro- 
genase-cytochrome-indophenol oxidase system (see Keilin, Article “‘ Cytochrome,” 
Ergebnisse der Enzymforschung, Leipzig, Bd. II). To see whether the inhibition of the 
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respiration of yeast occurs through the dehydrogenases (as does the inhibition by narcotics) 
or through the indophenol oxidase (as by hydrogen cyanide or carbon monoxide), the 
effect of heavy water was observed on a cytochrome-indophenol oxidase system. A 
preparation of sheep’s heart muscle, kindly provided by Prof. D. Keilin, was used in the 
presence of #-phenylenediamine. This is capable of being oxidised by oxygen in the 
presence of cytochrome and indophenol oxidase. 


The activity of the system was measured by observing the oxygen uptakes in the Warburg 
manometer. Into each of two cups were placed 2-5 mg. of ~-phenylenediamine, 0-5 c.c. of 
ordinary or heavy water, and 0-05 c.c. of the heart muscle preparation suspended in phosphate 
buffer py 7-4. The oxygen uptake was read every 10 mins. for 1 hour; the rate was found to 
be constant over this period, and was 38-5 and 40 c.mm. (at N.T.P.) in the hour in water and in 
30% D,O respectively. 

Heavy water therefore causes no inhibition of the cytochrome—indophenol oxidase system, 
Hence, it seems probable that the inhibition in the respiration of yeast takes place by an in- 
hibition of the dehydrogenases, as with narcotics. So far, only one dehydrogenase has been 
observed, viz., xanthine oxidase (Section II), and here no inhibition was found. But it has been 
shown that this dehydrogenase is atypical in that it is not affected by narcotics (Sen, Biochem. 
J., 1931, 25, 849). The effect of heavy water on other dehydrogenase systems is being studied. 


V. The Swelling of Gelatin in Heavy Water (with I. Kemp.) 


If a sol of gelatin is allowed to set and is desiccated to a xerogel, then on immersion in 
water it swells relatively rapidly and uniformly to its original form, after which a slow but 
regular increase in volume takes place. The rate of swelling under ideal conditions is 
expressed by a unimolecular velocity equation * 


(dV /dt)pr = K(V~ — V) or Kpr = It. loge Vo |(Vc — V). 


Two distinct processes are involved in the swelling of an elastic gel such as a protein, the 
imbibition of the liquid and the subsequent solvation and separation of the fibrils. Terzaghi 
(see Freundlich, ‘ Kapillarchemie,” p. 592) considered that the rate of imbibition of the 
liquid into the microcapillaries was the operation governing the process, but unexpectedly 
high viscosities had to be assumed for the liquids investigated to render this view tenable. 
It would appear more likely, especially in the light of the investigations of Katz (Ergeb. 
Naturwiss., 1924, 3, 316) on the X-ray patterns of swelling gels, that under suitable con- 
ditions the relatively slow process concerned is the solvation and concomitant separation 
of and release of strain in the fibrils. Since this process of hydration can be followed by 
observation of the increase in volume of the gel, it is clearly desirable so to present the 
xerogel to the liquid that the rate of imbibition does not influence the results. For example, 
if a very thick layer of the xerogel be placed in water, the outer layers will rapidly imbibe 
the water and commence to swell before the inner layers have been at all affected. Both 
the rate of imbibition and the rate of solvation will in these circumstances affect the apparent 
velocity of swelling and also the initial distribution of the water if but a limited quantity 
be used (cf., ¢.g., the experiments of Flusin, Ann. Chim. Phys., 1908, 18, 480, and of Spence 
and Kratz, Kolloid-Z., 1914, 15, 217, where this appears to be the case). 

We must thus present the xerogel to the liquid in as finely divided a form as is possible 
compatible with its structure, or preferably in the form of a thin sheet. Reinke (Hanséeins 
botan. Abhand., 1879, 4, 1) used laminaria 0-1 mm. thick for the purpose. The usual 
methods employed consist in measuring either the rate of increase in swelling pressure 
at constant volume (Reinke) or the rate of increase of weight of the freely swelling gel. 


In order to examine the rate of swelling of gelatin in water containing various quantities 
of deuterium oxide, D,O, and DHO, a micro-method had to be developed, since the heavy 
water was only available in small quantities. After a few preliminary experiments, the follow- 
ing simple apparatus was constructed, and it was found that reproducible results could readily 


* For the rate of diffusion into a sheet of thickness 2b, Hill (Proc. Roy. Soc., 1928, 104, 65) gives 
4 [X= 1 — 8(e Kets 4. pg OKw tte |) ft 
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be obtained for examining the rate of swelling under a minute but constant load without dis- 


turbing the system. 
¢) B sia aia 
= Magnification of the system. 


Fic. 5. 

















g= 0°50 cm.; G= 150 cm.; H= 30+ 
0:10 cm.; h= 107 + 3:3 x 10-* cm, 














Section. Front view. 


The apparatus consists essentially of an optical lever balanced on a pivot B by means of the 
adjustable counterweight C. The end of the screw D at the other end of the optical lever just 
touches a thin brass disc F, which rests lightly on a disc of gelatin d punched out with a steel 
punch from Eastman Kodak gelatin. Fic. 6 

The diameter of the disc is 0-23 cm., igs 
the thickness 0-20 mm., and the weight 
10+ 0-1 mg. (with A = 1-33, w is’ 
computed to be 1-06 mg.). The disc of a ee 
gelatin is placed in a small cylindrical geoqnn 

glass cell E cemented on to a polished 
glass plate G which, together with the 
optical lever, is mounted on a heavy 
brass bed-plate J. The whole ap- 
paratus is enclosed in a vessel provided 
with a glass window for the beam of 
light reflected from the mirror (A) 
attached to the balanced arm. 

The swelling of the gelatin disc in 
the small cell is effected by the addition 
of 5-0 c.mm. of water with the aid of 
an Agla micro-syringe, and measured 
by timing the rate of traverse of the 0 9% D,0. 
reflected light spot on a vertical scale. © 30% D,0. 
It was found essential to ensure absence wae M0 
of grease of all kinds from the system ; a 
gelatin discs which had been touched 0-2 
by hand exhibited a variable behaviour 
on swelling. Washing the discs in 
freshly distilled light petroleum was 
found to be fairly effective in restoring 
them. In Fig. 6 a few of the curves 
obtained for the rate of swelling of . ” "Vise mlnitoe: - - 
gelatin are shown. 

The velocity of swelling under these 
conditions was found to follow a unimolecular law and was not appreciably affected by small 
changes in the hydrogen-ion activity of the water. On the other hand, a few experiments 
indicated that the degree of extension of the gel on the addition of 5-0 c.mm. of water was 
at a minimum near the isoelectric point pg 4:8. As is indicated in the following table, the 
replacement of water by heavy water up to 90% deuterium content at least has no appreciable 
effect on the swelling, since the observed diminutions lie within the limits of experimental 


accuracy, 
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Swelling of gelatin in heavy water. 
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N/10-Sodium acetate-acetic acid buffer. 


pu. Temp. Max. swelling, mm. k, sec. x 10°. 

3-7 18°1° 0801... : 19\,. 

3-7 18-0 0-97 }0°89 +t 0-05 [g}16 + 02 

46 16-9 0°77\,. ‘ 13\,. 

4°6 17-9 O-o7 fO72 t 0-08 1g}E3 +0 

Distilled water. 

6°5 18°0 0°90 + 0°02 19 + 0-1 
Heavy water, 30% D content. 

6°8 17-4 0°971,. ; 15). 

6-8 17-7 O35 fO01 + 0-04 [.g}i7 + O14 
Heavy water, 90% D content. 

a 19°2 0°95 1... 2°5\o. : 

aie 19°1 0°95 \0-90 +. 0-04 17 21+ 0°3 

LABORATORY OF COLLOID SCIENCE, CAMBRIDGE. [Received, April 26th, 1934.) 





236. The Phase Volume Theory and the Homogenisation of Concentrated 
Emulsions. Part I]. 


By Josernu B. PARKE. 





IN a previous paper (J., 1933, 1458) the more important conclusions in regard to the “ phase 
volume ” theory of emulsions were briefly summarised, and a series of experiments was 
described which showed that in all the emulsions investigated a partial breakdown occurred 
on homogenisation provided the disperse phase was present in a concentration sufficient 
to exceed that necessary for the globules to be in closest packing. In all the experiments 
described, either sodium or potassium oleate was used as the emulsifier, and experience 
has shown that these soaps, as a rule, are capable of stabilising only the oil-in-water type 
of emulsion. Since there was no substance present in the emulsion capable of stabilising 
the reverse (water-in-oil) type of emulsion, a partial breakdown, rather than the change 
of type suggested by Wa. Ostwald (Kolloid-Z., 1910, 6, 103; 7, 46) might have been ex- 
pected to take place when the globules of disperse phase were forced into closest packing 
during homogenisation. 

The present investigation concerns the examination of emulsions containing two 
emulsifying agents, each of which normally stabilises a different type of emulsion. The 
emulsifier employed throughout was a mixture of sodium and magnesium oleates. Ex- 
periment showed that the latter was the most satisfactory simple emulsifier of known 
composition for the emulsification of water in oil. 


EXPERIMENTAL. 


Preparation of Materials.—Sodium oleate. This was prepared by neutralisation of a weighed 
amount of purified oleic acid with N-sodium hydroxide solution. Magnesius: oleate. Pure 
magnesium oleate could not be obtained from the commercial product on account of the free 
oleic acid present, and attempts to synthesise it from magnesium oxide and oleic acid also proved 
unsatisfactory; it was finally obtained as follows. A solution of 50 g. of sodium oleate in 21. 
of water, prepared by neutralising 46-38 g. of oleic acid with 164-31 c.c. of N-sodium 
hydroxide, was heated to 90°, and a solution of 20 g. of magnesium chloride in 100 c.c. of water 
was slowly added with constant stirring. Magnesium oleate was immediately precipitated ; 
it was filtered off after 24 hours, and extracted for 10 minutes with boiling benzene, which was 
then decanted, while still hot, from the residue. On evaporation of the solution to dryness, a 
horny, pale brown solid was obtained [Found, by calcination at bright red heat for } hour: 
Mg, 4-13, 4-13, 4:15. Calc. for Mg(C,,H,,0,),: Mg, 4:14%]. 

Determination of Type.—The type of each member of the various series investigated was 
determined by a modification of Clayton’s electrical conductance method (Brit. Assoc. Colloid 
Reports, 1918, 2, 114), which enabled alternating instead of the usual direct current to be used. 
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The secondary winding of a small induction coil was wired in series with a pair of electrodes 
and a loud speaker as shown in Fig. 1. 

Normally only a very faint note is heard from the loud speaker, and this is not altered in 
intensity when the electrodes are immersed in an emulsion of the oil-continuous type.* If, 
however, the emulsion is of the water-continuous type, there is a very pronounced increase in 
the intensity of the note when the electrodes are immersed in it. When direct current is used 
in emulsion-type determinations, as in the usual method, rapid polarisation takes place, and 
frequently only a very small kick can be observed in the milliammeter needle. With alternating 
current, no polarisation occurs, and the electrodes can be left in the emulsion for any desired 
length of time. The gradual change over from one type of emulsion to the other, which in some 
cases occupied as much as 10 seconds, could thus be followed with ease, being indicated by a 
gradual increase or diminution in the volume of sound emitted by the loud speaker. 

The homogeniser used throughout this work was a Pentecréme hand-operated model (Pharm. 
J., 1934, 337). No advantage was derived by passing an emulsion through the instrument 
more than 5 times, and accordingly this was adopted as the standard treatment for the emulsions 
described in the present paper. 

The Series: Benzene-Magnesium Oleate—Sodium Oleate-Water.—A 10% solution of sodium 
oleate in water and a 19-28% solution of magnesium oleate in A.R. benzene were prepared 
immediately before they were required. 10 C.c. of the former were run into each of a number 
of 4-oz. glass-stoppered bottles. A calculated volume of 
water was then added to each bottle. After the bottles 
had been shaken, 10 c.c. of the magnesium oleate solution 
were added to each. After further shaking, a calculated 
volume of A.R. benzene was added in separate 10 c.c. 
portions interspersed by vigorous shaking of the emulsions. 
If in any particular case the volume of benzene to be 
added was not an even multiple of 10 c.c., the balance 
was added last. In this way a series of emulsions, con- 
taining a constant mass of sodium and magnesium oleates 
and a varying proportion of water to benzene, was pre- 
pared. The total volume of liquids in each emulsion was 
100 c.c. 

The type of each member of the series was investigated, 
and it was found that a change from the water-continuous 
to the oil-continuous type took place between the emulsions 2, ectrod Md 
containing 60 and 65% of benzene. Microscopic examin- 
ation, by means of a dark-ground illuminator, revealed that all the emulsions were very 
complex. The water-continuous emulsions contained clots of the reverse type and vice versa. 

Each emulsion was homogenised, and in no case was a change of type brought about by this 
treatment. The viscosity of each member of the series was then measured by means of a set 
of 4 Ostwald U-tube viscometers constructed and calibrated in accordance with standard 
recommendations (B.E.S.A. Pub. No. 188, 1929). All viscosity measurements were carried 
out at 20°, and are given in Table I, 4 being the viscosity in centipoises. 


Fie. 1. 
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TABLE I, 
20 25 30 35 40 50 60 65 70 75 80 90 
2°56 3:12 408 554 886 169 669 : 1470 27:7 154 677 3:03 
Change of type. 


The viscosity—concentration graph (Fig. 2) was quite regular apart from the break due to 
a change of type, and in this respect differed from the curves given by Parke and Graham (J., 


* Since many of the emulsions examined were of a multiple type, it has been found convenient to 
adopt the following nomenclature. When stating the type of an emulsion, the continuous phase is 
given, i.e., water-continuous or oil-continuous. The usual expressions, oil-in-water and water-in-oil, 
only give an incomplete and to some extent misleading description of a multiple emulsion, since the 
globules of dispersed oil or water contain further drops of water or oil. The term “ primary disperse 
phase ’’ has been used to designate that liquid or emulsion in contact with the continuous phase, the 
secondary disperse phase is that dispersed through and in contact with the primary disperse phase, 
and so on. 
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1933, 1214) for a series of emulsions stabilised by sulphonated fish-oil soaps. In the latter case, 
a break in the curve at one point indicated a change from the simple to the multiple type of 
emulsion. This is in agreement with the results obtained from microscopic examination, 
which showed that none of the emulsions was of a simple oil-in-water or water-in-oil type. 
The multiple nature of the emulsions also accounts for their relatively high viscosity. 

A second series of emulsions which contained equal weights instead of equimolecular pro- 
portions of the two soaps was prepared, 1 g. of each soap being present in 100 c.c. of emulsion. 
As before, the benzene was added in 10 c.c. portions. The emulsions changed from water- 
continuous to oil-continuous after 80% of benzene had been added. When the emulsions were 
passed through the homogeniser the point at which the type changed altered. That containing 
65% of benzene was of the water-continuous type, and that containing 70% of benzene was of 


Fic, 2. Fic. 3. 
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the other type. Microscopic examination again revealed that all the emulsions were of a mul- 
tiple nature. The viscosity—concentration graph of the series (Fig. 3) is very similar in character 
to that of the first series except that the individual viscosities are, on the whole, smaller. The 
data for the viscosities of these emulsions are given in Table IT. 


TABLE IT. 


10 20 30 40 50 55 60 65 70 75 80 90 
2°04 2990 432 761 13°2 23:5 32°7 666 : 632 3:16 2°40 1:44 


Change of type. 


The magnesium oleate solution, being less concentrated in this case, would have a lower 
viscosity, and hence the emulsions of oil-continuous type should not be so viscous. No inform- 
ation is available as to the effect of the viscosity of the disperse phase on the viscosity of the 
emulsion as a whole. 

The formula deduced by Hatschek (Kolloid-Z., 1910, 7, 301; 1911, 8, 34; Trans. Faraday 
Soc., 1913, 9, 80) for the calculation of the viscosity of an emulsion does not involve any factor 
which depends on the viscosity of the disperse phase, and if this is strictly true it is probable 
that in some of the emulsions investigated the lower viscosity in the present series indicates a 
less complex type. 

In the first series after homogenisation the change of type occurred between 60 and 65% 
of benzene, and in the second series after similar treatment between 65 and 70% of benzene, 
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the oil being in each case the primary disperse phase until a change of type occurred. This 
is to be expected if it is assumed that the emulsions of the first series were more complex than 
those of the second, the volume of primary disperse phase being greater owing to the larger 
amount of secondary disperse phase present. 

In the preparation of the two series already described, the benzene was added last in small 
portions. Two further series, in which the water was added last in a similar way, were prepared, 
the sequence being: 10 c.c. magnesium oleate solution, benzene, 10 c.c. sodium oleate solution, 
water in 10 cc. quantities. In the first series the mass of sodium oleate present was 1 g. per 
100 c.c. of emulsion. Magnesium oleate was present in molecularly equivalent proportion. 
The emulsions were all oil-continuous except that containing 90% of water. Microscopic 
examination again showed them to be of a multiple nature. On homogenisation, the point 
at which the change of type occurred altered to between 70 and 75% of water; below this 
concentration oil was the continuous phase. After homogenisation, the viscosities of the emul- 
sions containing 50—70% of water were so great that they could not be determined with any 
degree of accuracy even by means of the falling-sphere viscometer: that having 70% of water 
would not pour out of a wide-necked bottle and was practically solid. Plate I is a photomicro- 
graph of the unhomogenised emulsion containing 80% of water, and Plate II shows that con- 
taining 90% of water, now the continuous phase. 

A series of emulsions containing equal amounts, 1 g. of each soap per 100 c.c. of emulsion, 
was examined. The change of type took place between 75 and 80% of water. At lower con- 
centrations of water, oil was the continuous phase. On homogenisation this point changed to 
between 55 and 60% of water. These emulsions were also very complex in structure. 


DISCUSSION. 


The attainment in practice of a complete range of ideal simple emulsions, such as those 
pictured by Ostwald in his phase volume theory of emulsions, would be very difficult. If 
a reversal of type takes place in an emulsion when its concentration is altered, then ob- 
viously the emulsifier, or emulsifiers, present would have to be capable of stabilising both 
the oil-in-water and the water-in-oil type of emulsion. Suppose that, ¢.g., benzene and 
water were shaken together in the presence of such a dual emulsifier, and assume that water 
were to become the continuous phase of the resulting emulsion. Since the emulsifier can 
also stabilise the water-in-oil type of emulsion it is to be expected that a greater or less 
amount of water should become emulsified in the benzene before the latter finally becomes 
dispersed in the remaining water. There is nothing to prevent this reasoning being carried 
one step, or in fact an infinite number of steps, further. It is only necessary to assume 
that the multiple emulsion is again dispersed in further benzene which becomes the new 
continuous phase. Very complicated multiple emulsions, therefore, should be the rule 
rather than the exception when a dual emulsifier is present, and this conclusion is supported 
by the experimental evidence described above. 

It would be impossible to calculate when the globules of primary disperse phase in 
such an emulsion should be in closest packing, and accordingly no comparison can be made 
between the theoretical values and the results obtained in the four series of experiments. 
It is obvious that the liquid which is added in small portions tends to remain the disperse 
phase as long as possible, and that, in coalescence of the globules, the emulsion changes its 
type. Since the amount of primary disperse phase actually present is larger than the volume 
originally added, owing to the formation of a secondary disperse phase, this change of 
type should take place before 74% by volume is present (see J., 1933, 1458). In all 
the homogenised emulsions this was found to be so. 


I wish to acknowledge my continued indebtedness to Professor A. W. Stewart and Dr. 
Hugh Graham for the interest which they have taken in this work. 


THe Str DonaLtp CurRRIE LABORATORIES, 
QUEEN’S UNIVERSITY OF BELFAST. [Received, May 18th, 1934.] 
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237. The System Cadmium Sulphate—Cobalt Sulphate—Water. 


By Henry BASSETT and ISABELLA SANDERSON. 


THE curious hydrate of cadmium sulphate, CdSO,,$H,O, is one of the best known salts 
with a fractional water content. No information is available as to the structure of this 
compound, and no similar hydrate is known for any other sulphate. Experience with 
zinc and lithium chlorides had shown that ternary aqueous systems containing cobalt 
chloride could throw light on the nature of hydrates of other chlorides (Bassett and Croucher, 
J., 1930, 1786; Bassett and Sanderson, J., 1932, 1855). In the hope of obtaining inform- 
ation about the above hydrate, the system CdSO,-CoSO,-H,0 has been studied at 25° 
and 80°. 

Mylius and Funk (Ber., 1897, 30, 825) found that cadmium sulphate formed a hepta- 
hydrate at low temperatures (— 18° to — 5°), which was, however, always metastable 
towards CdSO,,3H,O. According to these authors, the latter is the stable solid phase 
in the system CdSO,-H,0 up to 74-8°, where it gives place to the monohydrate. It was 
found by Benrath and Thénessen (Z. anorg. Chem., 1932, 208, 405) that the monohydrate 
exists in two different forms; at 41-5° there is a transition point where CdSO,,$H,O 
changes into «a-monohydrate which at 74-5° changes into the 6-form. When the solubility 
values are plotted, it is seen that Mylius and Funk actually realised a metastable portion 
of the CdSO,,$H,O solubility curve which is normally cut out by the appearance of the 
a-form of monohydrate; they only obtained the 6-form. 

Stromeyer (Schweigger’s J., 1818, 22, 369), the discoverer of cadmium, obtained a tetra- 
hydrate CdSO,,4H,0 in large transparent rectangular crystals. Lescoeur (Ann. Chim. Phys., 
1895, 4, 222), by slow evaporation in a cool place, obtained the same hydrate and found 
that its dissociation pressure on passing into monohydrate was 12 mm. of mercury at 20°. 

In recent literature, it is generally assumed that Stromeyer and Lescoeur were mis- 
taken, and that they were actually dealing with CdSO,,$H,O, but we believe that they 
probably did have the tetrahydrate. Their analyses and descriptions of the compound 
are such as would be expected. Our results show that at 80° large proportions of the tetra- 
hydrate can exist in solid solution in cobalt sulphate tetrahydrate, and it is highly probable 
that the pure tetrahydrate could exist in contact with pure cadmium sulphate solutions 
at some considerably lower temperature. It would be a metastable form, however, and 
conditions for its separation are difficult to realise owing to the peculiar solubility con- 
ditions in the system CdSO,-H,0, which make it difficult to prepare, by heating, solutions 
which will be supersaturated at lower temperatures. Slow evaporation at low temper- 
atures has therefore to be used, with the likelihood that the stable solid phase rather than 
a metastable one will separate before concentrations have been reached at which inoculation 
with an isomorphous compound can be used. Mylius and Funk (loc. cit.) state that they 
obtained a solid solution of cadmium sulphate tetrahydrate in the corresponding manganese 
salt, though unable to get the tetrahydrate itself. 

There can now be no reasonable doubt that CdSO,,$H,O really does have this com- 
position and is not a trihydrate, as thought by Retgers (Z. physikal. Chem., 1895, 16, 590). 
There seems to be no sound evidence for the trihydrate. 

We find that at 80° CdSO,,$H,O forms solid solutions with the corresponding cobalt 
compound. This is important, since it shows that cadmium sulphate is not the only one 
yielding this type of hydrate. It is possible that the pure cobalt compound might be 
obtainable at some higher temperature. It would seem from Retgers’s results (loc. cit.) 
that similar solid solutions exist containing ferrous and cupric sulphates, although he con- 
sidered the preparations to be dilute solid solutions of the trihydrates in the cadmium 
trihydrate. He also obtained CuSO,,5H,O containing 1-71% of CdSO,,5H,0, so the latter 
compound may be capable of independent existence, though it would be very unstable. 

Our experiments at 80° show that the a- and the 8-form of cadmium sulphate mono- 
hydrate give rise to two independent sets of solid solutions containing cobalt sulphate 
monohydrate. The latter compound (first prepared by Etard, Compt. rend., 1878, 87, 
602) must therefore be capable of existing in two different modifications. 





The System Cadmium Sulphate—Cobalt Sulphate-Water. 1117 


In the system CoSO,-H,O, Koppel and Wetzel (Z. physikal. Chem., 1905, 52, 394) 
found that transition from hepta- to hexa-hydrate occurred at 40-7°, and Benrath (Z. 
anorg. Chem., 1931, 202, 168), who examined the system between 50° and 100°, states that 
the latter hydrate is stable up to 71°, where it gives way to monohydrate. We cannot 
understand Benrath’s results, according to which, at 80°, the monohydrate is the stable 
solid phase in equilibrium with a solution containing 35% of anhydrous salt. Our 80° 
isothermal shows that the tetrahydrate is the stable solid at that temperature in equilibrium 
with a solution containing 39-94% of anhydrous salt. Pure monohydrate in contact 
with solution containing only cobalt sulphate would probably be in a highly metastable 
condition at 80°, the saturated solution containing much more than 40% CoSQ,. 


EXPERIMENTAL. 


The materials used were A.R. CdSO,,H,O and iron- and nickel-free CoSO,,7H,O. Mixtures 
were made by weight and were designed to give 15—20 g. of solution and about 2 g. of solid 
phase for the 25° experiments and 5—10 g. and 1—2 g. respectively for those at 80°. Mixtures 
for the 25° isothermal which contained high proportions of cobalt sulphate could be heated until 
all solid had dissolved and would then deposit solid on cooling to 25°. This is not the case 
with mixtures containing much cadmium sulphate because the solubility of its monohydrate 
decreases with rise of temperature. 

In the experiments marked (a) in the table, anhydrous cadmium sulphate, obtained by heat- 
ing the monohydrate at 110—115°, was used in making the mixtures, sufficient cold water 
being added to dissolve all but about 1 g. of the solid phase. In experiments marked (8), all 
the solid phase was dissolved by adding sufficient cold water. The bottles were then placed 
in a vacuum desiccator and water evaporated until about 1 g. of solid phase had separated. 
The mixtures, contained in bottles of hard glass closed by well-waxed corks, were then rotated 
in the thermostat until equilibrium was reached (about 48 hours). 

The procedure followed at 80° was rather different. Sufficient cold water was added to 
dissolve all the solid phase. The bottles were then suspended in the thermostat and evaporated 
until about 1 g. of solid phase had separated. The bottles were then closed by corks, which 
projected above the thermostat liquid, and were shaken frequently by hand. The time required 
for equilibrium to be reached varied with the nature of the solid which separated; when the 
solid phase was a metastable form, 1—2 hours sufficed, but when a transition from a metastable 
to a stable solid phase was involved, the time required was about 12 hours. 

At 25° all the mixtures were filtered for analysis in a jacketed filter-tube, but at 80°, the clear 
supernatant solution was removed with a previously warmed pipette. The tetrahydrate solid 
phases were then obtained in a moist state for analysis by filtration. The other solid phases 
separated at 80° in very small crystals which held up large amounts of solution. This made 
it difficult to interpret experimental results obtained by analysis of the moist solids. It was 
impossible to be sure of the precise nature of the solid phases, and in particular, to know whether 
two series of solid solutions based on CdSO,,H,O were in question, or whether one of them might 
be based on some other low hydrate. These solids were therefore filtered off in the jacketed 
filter-tube, and obtained dry by washing with a small quantity of hot 50% aqueous alcohol, 
and then with hot absolute alcohol. In some cases very slight dehydration seemed to occur, 
but the method was satisfactory except when the solid phase was a solid solution of the tetra- 
hydrates. In that case variable results were obtained owing to partial dehydration, but as the 
tetrahydrate forms much larger crystals than the other hydrates, the separated moist solids 
were sufficiently free from solution to be suitable for direct analysis. 

The tetrahydrate formed fair-sized prisms which were readily distinguished from the three 
solid solutions found at 80°. These all came out in such minute crystals that a microscopic 
examination scarcely aided identification. Monohydrate solid solutions could be distinguished 
from solid solution in CdSO,,5H,O by means of the pinker colour of the latter, due to the higher 
content of cobalt sulphate. 

Analyses were carried out by the following method which was convenient and reliable. 
Cobalt was estimated in one portion, being precipitated with a-nitroso-8-naphthol and weighed 
as Co,O, after strong ignition in an open crucible. Total sulphate was determined in another 
portion after removal of cadmium as sulphide in presence of hydrochloric acid (5 c.c. of 2N- 
acid in 100 c.c. solution), and expulsion of hydrogen sulphide. Percentages of cobalt and 
cadmium sulphates were calculated from these two results. 
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If the cadmium sulphide was precipitated in absence of hydrochloric acid, it carried down 
a small amount of sulphate. In presence of hydrochloric acid, the precipitate contained no 























sulphate, but a small amount of chloride. If the barium sulphate was precipitated from solu- 
tions containing cadmium, it carried down a small amount of cadmium sulphate and low results 
were obtained for sulphate. 
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The analytical results are given in the tables and are plotted in Figs. 1 and 2, from which 
it will be seen that all the solid phases found are solid solutions, although the amount of cobalt 
sulphate in the CdSO,,$H,O phase at 25° is very small, little greater than the experimental 
uncertainty. 
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Solution. Moist solid. Solution. Moist solid. 
—— an, geen, Soli commen aameern —— Solid 
CoSO,. CdSQ,. CoSO,. CdSO,. phase. CoSOQ,. CdSO,. CoSO,. CdSO,. phase. 
Temp. = 25°. 
27°05 — — A 9°44 34°52 2°18 72°46 
22°38 9°97 50°75 : 8-00 35°85 = (a) I-11 76°67 
18°89 17°78 45°18 i 5°04 38°84 (b) 1:26 79°48 D 
15°62 23°90 48°18 inf B 3°43 40°46 (b) 1:09 76-34] 
13°42 28°88 44°64 ‘ 1:78 41°84 (a) 0°36 81:10 
12°35 31:02 44:19 ; — 43°83 _ _ 
11°55 32°64 14°17 5: Cc 
A = CoSO,,7H,0O. 
B = Solid solution of CoSO,,7H,O and CdSO,,7H,0. 
C = Solid solution (B) and CdSO,,3H,O (solid solution). 
D = CdSO,,$H,O (solid solution). 
E = CdSO,,3H,O. 
Temp. = 80°. 


39°94 — Fk 22°06 22°83 


36°60 . 58-28 3-71 18:12 26-08 

34:30 60°94 6°72 I 15°56 27°94 

(m)31°67 Bi 53°51 10°58 14:13 29°37 

32-01 . 54-41 17-97 I +I (m) 831 34-95 

(m)29°46 . 30°50 49:35 I-+TIII (m) 466 39°33 

29°66 63 * 26-02 $3} (m) 3°63 40°40 
II 


28°77 . * 30°56 49-00 

28°32 7 34°92 40°05 (m) 16°74 29°15 

26°90 19°31 * 14°83 66°83 (m) 12-53 31°45 

(m) 28°26 19°30 * 6°62 sail 7°26 34°98 
Ill 


(m)18°32 28-25 


25°59 20°83 * 619 85°91 3°00 38°11 
24°63 21°24 13-00 70°30 _ 40°31 
23°32 21°85 * 6°76 85°95 (m) — 45°80 
* The solid phase was alcohol-washed and air-dried. 
metastable region. 
CoSO,,4H,0. G = B-CdSO,,H,0. H = a-CdSO,,H,0. 
Solid solution of CdSO,,4H,O and CoSO,,4H,O. 
bé »  CdSO,,3H,O and CoSO,,}H,O. 
Ill = 3 » a-CdSO,,H,O and a-CoSO,,H,0O. 
IV = s » B-CdSO,,H,O and B-CoSO,,H,O. 
All the above solid solutions, as also the solid solutions of CdSQ,,7H,O and CoSO,,7H,0, are red. 


DISCUSSION OF RESULTs. 


The demonstration that CdSO,,3H,O can form solid solutions with a corresponding 
cobalt compound appears to be the most important result of the present investigation. 
It shows that in forming this peculiar hydrate, cadmium is not so exceptional as is commonly 
thought. The fact that the hydrate is readily formed in the case of this metal but not of 
other related metals is to be attributed to the general tendency of cadmium salts to form 
hydrates of low water content. Any suggestion as to the nature of the cadmium com- 
pound must clearly be applicable to other metals as well. 

The supposition, commonly accepted, that cadmium has a special facility for auto- 
complex formation is not altogether justified, for it is mainly based upon the behaviour of 
the halides, which are frequently exceptional in this respect. 

There appears to be a general opinion that in CdSO,,3H,O some of the metal is con- 
tained in a complex anion. There seems to be little, if any, evidence for the existence 
of complex, as distinct from double, sulphates—at any rate, in the case of bivalent metals. 
Compounds like ferrous ammonium sulphate are double salts with simple ionic structures, 
e.g., [NH,]}. [Fe(H,O),][SO,],"", which have no existence except in the solid state. 

If CdSO,,$H,O really were autocomplex, there are two structures worth consideration, 
viz., (a) [(Cd(H,O),}°[SO,CdSO,CdSO,}” and (b) [(Cd(H,O).,]"°[H,OSO,CdSO,CdSO,H,0})” 
both of which contain chain anions. In our opinion, the fact that the solid solutions 
containing cobalt are red, disproves both of these structures, for the colour shows that 
all the cobalt is in the kationic condition (Bassett and Croucher, J., 1930, 1784). This 
at once rules out structure (a), for although cadmium has a maximum co-valency of eight, 
according to Sidgwick’s rule, the maximum for cobalt is six, so it could not replace cadmium 
in an 8-co-ordinate kation. 
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Structure (b) is also ruled out, however, for the solid solution richest in cobalt sulphate 
which could be obtained would correspond to complete replacement of [Cd(H,O),]” by 
[Co(H,O),]°** and this would contain 21-66% of cobalt sulphate, whereas one of our solid 
solutions contained 36%. It may be concluded then that, whatever the structure of 
CdSO,,3H,0, it is one in which the whole of the cadmium is replaceable by cobalt, i.<., 
one of the constituents of the red solid solutions is actually CoSO,,5H,O. 

The hepta-, hexa-, and tetra-hydrates of cobalt sulphate are with good reason regarded 
as [Co(H,O),]“[SO,°H,O}’’, [Co(H,O),]°SO,”, and [Co(H,O),J°SO,”. When a series of 
hydrated sulphates of any one metal is considered, it would thus seem that, in general, 
the [SO,°H,O}” ion tends to lose its water molecule at a relatively low temperature ; hence 
it seems probable that none of the water is attached to the [SO,]’’ ion in hydrated sulphates 
containing less than 4 mols. of water per mol. of MSQ,. 

Further discussion is not justified at present, but we believe the only structure for 
CdSO,,3H,O, worthy of serious consideration, to be 


[(HO),Cd(H,O),Cd(H,O),Cd(H,0)2]""[SO4},”. 


This contains the same type of chain kation, with doubly linked water molecules in which 
all the metal atoms are 4-co-ordinate, as is present in the hydrated orthophosphates 
M,(PO,)2,8H,O (Bassett and Croucher, loc. cit., p. 1803). We also believe that the mono- 
hydrates will be found to be [M(H,O).M]'*[SO,],” with a kation [M,(H,O),]'" analogous 
to the [Li,(H,O),]" ion postulated by Bassett and Sanderson (Joc. cit.). In this ion both 
M atoms would be 2-co-ordinate. Both these suggested structures are applications of 
the principle that the water molecules available in a crystal will usually be distributed in 
such a way as to allow all the M atoms to have the highest possible even co-ordination 
numbers. We think that this is an important determining factor in salt hydrate formation. 

It seems likely that the «- and the 8-form of cadmium and cobalt sulphate monohydrates 
are only crystallographic varieties containing the same ions, although, of course, the evidence 
at present available is insufficient to exclude alternative ionic structures such as 


[Cd]"[SO,H,O]” and [Cd(H,0),]"Cd"[SO,},”. 


SUMMARY. 

The system CdSO,-CoSO,-H,0 has been examined at 25° and 80°. 

No compound of cadmium sulphate with cobalt sulphate was isolated, but several 
series of solid solutions were obtained, all of them red. These were solid solutions of 
CdSO,,7H,O, CdSO,,4H,O, CdSO,,3H,O, «-CdSO,,H,O, and 6-CdSO,,H,O with the cor- 
responding cobalt compounds. The existence of the last four types of hydration of cobalt 


sulphate had not previously been suspected. 
These results are applied to the interpretation of the nature of CdSO,,3H,O, and struc- 


tures are suggested for this and for the monohydrate. 
THE UNIVERSITY, READING. [Received, May 29th, 1934.] 





238. Synthetical Experiments in the Chromone Group. Part XII. 
Synthesis of 7-Hydroxyisoflavone and of a- and B-Naphthaisoflavone. 


By HARBHAJAN S. MAHAL, HARCHARAN S. Ral, and KRISHNASAMI VENKATARAMAN. 


In the absence of a solvent and under suitable conditions the reaction between ethyl 
formate, sodium, and an o-hydroxypheny! benzyl ketone (Joshi and Venkataraman, this 
vol., p. 513) is a general one, giving an isoflavone * in excellent yield as the only product. 
The action of benzyl chloride on 2 : 4-dihydroxyphenyl benzyl ketone led exclusively 
to the 4-benzyl ether, from which 7-benzyloxyisoflavone was prepared. Debenzylation of 


* The m. p.’s of isoflavone itself recorded in Part XI (loc. cit.) should be 132° and 138° instead of 
142° and 148° respectively. 
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this gave 7-hydroxyisoflavone, which was methylated by methyl iodide and potassium 
carbonate, yielding 7-methoxyisoflavone. The reverse process was carried out, 7-methoxy- 
isoflavone being prepared from 2-hydroxy-4-methoxypheny] benzyl ketone and demethylated 
to give 7-hydroxy/soflavone. 

3-Phenyl-1 : 4-a-naphthapyrone and 2-phenyl-l :4-8-naphthapyrone (Badhwar and 
Venkataraman, J., 1932, 2420) also have been prepared by the general method. 


EXPERIMENTAL. 


2-Hydroxy-4-benzyloxyphenyl Benzyl Ketone-—A mixture of 2: 4-dihydroxyphenyl benzyl 
ketone (20 g.), anhydrous potassium carbonate (36 g.), benzyl chloride (66 g.), and acetone 
(200 c.c.) was boiled for 8 hours; the solvent was then recovered, and the residue diluted and 
distilled with steam to remove the excess of benzyl chloride. The 4-benzyl ether crystallised 
from alcohol in colourless plates (17 g.), m. p. 111° (Found : C, 79-0; H, 6-5. C,,H,,O, requires 
C, 79-2; H, 5-6%), which gave a blood-red colour with alcoholic ferric chloride. 

7-Benzyloxyisoflavone.—A clear solution of the preceding ether (10 g.) in dry redistilled 
ethyl formate (150 c.c.), cooled in ice, was added during 1 hour to sodium dust (6 g.), the mixture 
being kept in ice-salt. After 12 hours, the orange-brown semi-solid mass was treated with 
ice, and the yellow precipitate was washed and crystallised successively from alcohol, glacial 
acetic acid, alcohol—acetic acid, and alcohol. The colourless rhombohedral plates (7 g.) obtained, 
m. p. 171° (Found: C, 80-6; H, 5-0. C,,H,,O,; requires C, 80-5; H, 4-9%), gave no coloration 
with alcoholic ferric chloride and were insoluble in aqueous alkali. They were coloured yellow 
by sulphuric acid, and the colourless solution exhibited a sky-blue fluorescence. 

7-Hydroxyisoflavone.—7-Benzyloxyisoflavone (6 g.) was dissolved in glacial acetic acid 
(170 c.c.) on the water-bath, concentrated hydrochloric acid (80 c.c.) added in two lots during 
l hour, and the mixture boiled for a few minutes. Dilution with water precipitated a crystalline 
substance which, recrystallised twice from alcohol, formed thick opaque leaflets (3-4 g.), m. p. 
215° (Found : C, 75-5; H, 4-2. C,;H,9O, requires C, 75-6; H, 4-2%). The colourless solution 
of 7-hydroxyisoflavone in sulphuric acid exhibited a sky-blue fluorescence. The colourless 
alcoholic solution gave no colour with ferric chloride or sodium amalgam and a pale yellow 
colour with magnesium and hydrochloric acid. The acetyl derivative crystallised from alcohol 
in fine lustrous needles, m. p. 139° (Found: C, 73-0; H, 4:2. C,,H,,0, requires C, 72-8; H, 
4:2%). 

7-Benzyloxyisoflavone was also debenzylated when its solution in sulphuric acid was kept 
for 3 hours and poured into water. 

7-Methoxyisoflavone.—(1) To a boiling solution of 7-hydroxyisoflavone (0-1 g.) in acetone 
(3 c.c.) and methyl iodide (1 c.c.), anhydrous potassium carbonate (0-5 g.) was added in small 
portions. After being heated for 5 hours, the mixture was poured into water; the precipitate 
obtained crystallised from dilute alcohol in colourless plates (0-06 g.), m. p. 156°. (2) A vigorous 
reaction ensued when a solution of 2-hydroxy-4-methoxyphenyl benzyl ketone (Baker and 
Robinson, J., 1929, 160) (2 g.) in ethyl formate (50 c.c.) was added to sodium dust (1 g.) cooled 
inice-salt. After 12 hours, ice and ether were added, the mixture was shaken, and the ether— 
ester layer separated, washed, and distilled. The pale brown, oily residue solidified in contact 
with alcohol and then crystallised from alcohol in colourless, six-sided, irregular plates (1-2 g.), 
m. p. 156° alone or mixed with the above specimen (Found: C, 76-0; H, 4-7. Calc. for C,,H,,0,: 
C, 76-1; H,4:8%). The colourless solution in sulphuric acid exhibited a bright blue fluorescence. 
When the substance (0-1 g.) was heated with hydriodic acid (d 1-7; 2 c.c.) and acetic anhydride 
(2 c.c.) for 2 hours and poured into sodium bisulphite solution, the product obtained crystallised 
in leaflets and plates, m. p. (and mixed m. p. with 7-hydroxyisoflavone prepared from the benzyl 
ether) 215°. 

3-Phenyl-1 : 4-a-naphthapyrone.—The interaction of 2-phenylacetyl-l-naphthol (Cheema 
and Venkataraman, J., 1932, 920) (10 g.), ethyl formate (120 g.), and sodium (5 g.) produced 
in 15 minutes a deep orange-yellow solid. Ice was added after 12 hours and the pale yellow 
solid was separated and crystallised from alcohol, forming a felted mass of colourless needles 
(35 g.), m. p. 187° (Found: C, 83-6; H, 4:3. (C,,H,,O, requires C, 83-8; H, 44%). The 
substance was coloured yellow by sulphuric acid and the very pale yellow solution had an 
intense bluish-green fluorescence ; when it was poured into water, the naphthapyrone was recovered 
unchanged. The substance was also unaffected by boiling acetic anhydride and gave no colour 
with alcoholic ferric chloride. 
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2-Phenyl-1 : 4-B-naphthapyrone.—The reaction between 1-phenylacetyl-2-naphthol (Chadha, 
Mahal, and Venkataraman, J., 1933, 1462) (1-6 g.), ethyl formate (50 c.c.), and sodium (1 g.) 
was somewhat violent and strong cooling in ice-salt and very gradual addition of the ethyl 
formate solution were essential. The addition of ice after 12 hours gave a sticky solid which, 
after two crystallisations from warm dilute acetic acid and one from aqueous alcohol, formed 
very pale cream-coloured clusters of curved needles (0-5 g.), m. p. 129—130°, not depressed by 
admixture with the naphthapyrone prepared by Badhwar and Venkataraman (loc. cit.). The 
present specimen, however, did not contain difficultly removable water of crystallisation (Found 
in material dried at 110—115°: C, 83-6; H, 4-7. Calc. for C,gH,,O,: C, 83-8; H, 45%). 
A final crystallisation from alcohol gave long, colourless, prismatic needles, m. p. 133°. The 
colourless solution in sulphuric acid exhibited a bright, pure blue fluorescence. 


One of us (H. S. M.) thanks the Trustees of the Panjab Research Fund for the award of the 
Sir George Anderson Scholarship. 


FORMAN CHRISTIAN COLLEGE, LAHORE. [Received, April 5th, 1934.] 








239. <A Resolution of Benzoin. 
By ARCHIBALD B. CRAWFORD and ForsyTH J. WILSON. 


In continuation of previous work (Wilson and Crawford, J., 1925, 127, 103) a resolution 
of r-benzoin (cf. Wilson and Hopper, J., 1928, 2483, for a resolution by a different method) 
has been accomplished by means of /-3-menthylsemicarbazide (I), NH,*NH°CO*-NH°C,9H,,, 
the product, l-benzoin-1-3-menthylsemicarbazone (II), CHPh(OH)-CPh:N-NH-CO-NH°C 9H jp, 
yielding /-benzoin on hydrolysis with acid. 

In the preparation of (I) it now transpires that the intermediate acetone-/-8-menthyl- 
semicarbazone (III), CMe,.N-NH-CO-NH°C,9H,9, is dimorphous. The form (prismatic 
needles, m. p. 128°) obtained in the first series of preparations (Joc. cit.) has not been 
reproduced ; as now obtained, the substance crystallises in rhombic prisms, m. p. 179-5— 
180°. Both forms show the same specific rotation in alcohol, have the same nitrogen 
content, and on hydrolysis give the same base (I), m. p. 138°. It has not been found 
possible to produce the form melting at 128° by seeding in various solvents; one specimen, 
melting originally at 128°, melted two years later at 179° without previous change; and 
others melted sharply or softened considerably at 128°, solidified again with expansion, 
and then melted sharply at 179°. The specific rotations of (I) and (III) are somewhat 
higher than those previously recorded, presumably owing to the use of a purer specimen 
of /-menthylamine. 

The preparation of (I) from /-menthylcarbimide and hydrazine hydrate was attempted, 
but very little was obtained, the chief product being s.-l-dimenthylcarbamylhydrazine (IV), 
formed thus: N,H, + 2C,9Hj9*°NCO = C,9Hy9>NH°-CO-NH-NH°CO*NH°C,9Hj9. Acetone- 
hydrazone with /-menthylcarbimide gave (III) in poor yield, the main product being (IV). 

In preparing semicarbazones from semicarbazide hydrochloride, it is customary to add 
potassium acetate, ostensibly to remove hydrochloric acid. In similar preparations of 
8-substituted semicarbazones from the semicarbazides in this laboratory it became evident 
that not only was the potassium salt a buffering agent but that the acidity catalysed 
the reaction (confirmed quantitatively by Conant and Bartlett, J. Amer. Chem. Soc., 1932, 
54, 2881); these condensations, therefore, were always carried out in presence of acetic 
acid. The condensation of r-benzoin with (I) is completed in five hours in boiling absolute 
alcohol when six to ten drops of glacial acetic acid are present; without the catalyst the 
reaction requires as many days. The only product obtained (II) crystallised but slowly 
from the gummy matrix in the presence of light petroleum; once obtained, it crystallised 
with ease from alcohol in well-formed octahedra, occasionally in coarser aggregates. The 
deposition of (II) from the gummy matrix has already occupied several years and is still 
proceeding; no attempt, therefore, has been made to examine the residue for the corre- 


sponding d-benzoin derivative. 
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In view of the ease of oxidation of benzoin to benzil derivatives in the presence of 
semicarbazide and acid (Hopper, J., 1925, 127, 1282), the hydrolysis of (II) to /-benzoin 
by dilute aqueous-alcoholic sulphuric acid was carefully controlled; the method of Kon 
(J., 1930, 1616) was ineffective in this case. The /-benzoin so obtained was characterised 
by comparison with authentic specimens kindly supplied by Professor McKenzie and by 
Dr. H. G. Rule, to both of whom our best thanks are due, and by analysis. As a further 
check, /-benzoin was prepared from amygdalin by the method of Smith (Ber., 1931, 64, 
427) and converted into /-benzoin-/-8-menthylsemicarbazone, which agreed in properties, 
melting point, and rotation with (II) as obtained by the resolution. All the reactions 
were carried out in quartz apparatus. 

It is proposed to use (II) and similar active semicarbazones for further polarimetric 
work connected with their intrinsic properties and rate of formation. 


EXPERIMENTAL. 


Acetone-1-8-menthylsemicarbazone (1I11).—The /-menthylamine employed was prepared from 
l-menthol and gave [a«]}}” — 40-13°, a slightly higher value than that previously found (loc. 
cit.). The acetone-/-3-menthylsemicarbazone obtained from this crystallised from alcohol in 
rhombic prisms, m. p. 179-5—-180° (Found : N, 16-7. Calc. for C,,H,,ON,: N, 16-6%). Polari- 
metric determinations (/ = 2) in alcohol gave aj?* — 2-66° and a?” — 2-65° for c = 2-011 and 
aj” — 528° for c = 4-023 ; whence [a]?* = — 66-15°, [a]#” = — 65-89°, and [a]}* = — 65-62°. 
In comparison, the form, m. p. 128°, gave (/ = 2) in alcohol af” — 2-61° (c = 2-009), whence 
[a] = — 64-93°. /-8-Menthylsemicarbazide (I) obtained from the above substance, sodium 
bicarbonate being used instead of sodium hydroxide to liberate the base from its hydrochloride 
(loc. cit.), gave for two separate preparations (alcohol, / = 2) ajs* — 4-26° for c = 2-702 and 
aj? — 3-23° for c = 2-002; whence [a]jf = — 80-69° and [a«]}?* = — 80-69°. Both (I) and 
(III) can be freed from any s.-/-dimenthylcarbamylhydrazine by their greater solubility in 
dioxan (cf. Hopper, J. Roy. Tech. Coll., 1927, 1, 48). 

s.-l-Dimenthylcarbamylhydrazine (IV) was obtained in an attempt to prepare (I) by adding 
l-menthylcarbimide (Neville and Pickard, J., 1904, 85, 688) dropwise and with cooling to 
hydrazine hydrate (1 mol.) in ether. It was the chief product, (I) being formed in only small 
amount; the separation of the two was effected by means of dioxan. The substance crystal- 
lised from alcohol or dioxan in cotton-like masses of needles, m. p. 240° (Found: N, 14-0. 
C,,H,,O,N, requires N, 14:-2%); [a]jf — 83-4° in alcohol (/ = 2, ¢ = 3-648). Acetonehydraz- 
one (Curtius and Pflug, J. pr. Chem., 1891, 44, 543), dry and containing no free hydrazine, 
when mixed with /-menthyl carbimide (1 mol.) gave, after 2 days, chiefly (IV) and a small 
amount of (III). For the preparation of the latter, the method is not satisfactory. 

Resolution of r-Benzoin.—l-Benzoin-1-8-menthylsemicarbazone (II). An absolute alcoholic 
solution of r-benzoin (16 g.) and /-8-menthylsemicarbazide (16 g.) containing 10 drops of glacial 
acetic acid was refluxed on the water-bath for 5 hours. After removal of the solvent under 
reduced pressure, the residue was dissolved in light petroleum (b. p. 40—60°), from which 
crystals began to separate after several months, the deposition still proceeding after several 
years. Crystallising with ease from absolute alcohol, 1-benzoin-l-3-menthylsemicarbazone forms 
fine octahedra, m. p. 194—195°, slightly soluble in alcohol and light petroleum, very soluble in 
chloroform (Found: N, 10-2, 10-4. C,;H;,,;0,N, requires N, 10-3%). In chloroform (/ = 2) 
it gave alf® — 7-49° (c = 2-259), [a] — 165-9°; aff” — 7-40° (c = 2-258), [a] — 163-9°. As 
mentioned later, the same substance was prepared from an authentic specimen of /-benzoin. 
The specific rotation is very susceptible to temperature and concentration changes. 

Hydrolysis of (11) io l-benzoin. To 0-5 g. of the substance, dissolved in 10 c.c. of alcohol, 
were added during 7 minutes 7-5 c.c. of 0-3N-sulphuric acid, alcohol being added from time to 
time to maintain solution on a boiling water-bath. After 10 minutes the solution was cooled 
and diluted with ice, and the white solid which separated was dissolved in hot light petroleum 
(b. p. 40—60°). At first, unchanged substance, then crops of impure /-benzoin were deposited. 
The aqueous liquor was extracted with carbon tetrachloride; the extract, after being shaken 
with an aqueous suspension of barium carbonate, yielded on evaporation a further quantity of 
l-benzoin. The residual aqueous solution from the hydrolysis was gently heated with barium 
carbonate and filtered; concentration then yielded /-8-menthylsemicarbazide. In all, 1-5 g. of 
(II) were hydrolysed; the pure /-benzoin (m. p. 133—134°) after recrystallisation from alcohol 
amounted to 0-66 g. (84-5% yield). It showed no depression of melting point after admixture 

4E 


Ye 





1124 Glass and Madgin : 


with two different authentic specimens [Found (micro): C, 79-0, 79-2; H, 5-7, 5-7. Calc. for 
C,,H,,0,: C, 79-3; H, 5-7%]. In acetone (/ = 4) it gave ap” — 5-06° (c = 1-069), [a]#* 
— 118-3° (Hopper and Wilson, Joc. cit., gave [«]j}/° — 118-5°). /-Benzoin prepared by the 
method of Smith (loc. cit.) (yield, 27% of purified substance, m. p. 134—135°, calculated on 
amygdalin) gave in acetone (/ = 2) al’ — 5-80° (c = 2-451), [a] — 118-3°. It was converted 
as above into /-benzoin-/-8-menthylsemicarbazone identical in melting point (194—195°) and 
rotation with our preparation; in chloroform (/ = 2) aj” — 7-43° (c = 2-258), [«]#” — 164-5°. 


We wish to thank Imperial Chemical Industries Ltd. for grants. 
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240. Viscosities of Azueous Solutions of Electrolytes. Part I. 
Sodium Sulphate Solutions over the Temperature Range 25—40°. 
By H. M. Grass and W. M. Manpein. 


VISCOMETRIC evidence of the existence of hydrated ferric chloride in unsaturated solutions 
is adduced by Smits, Lande, and Bouman (Proc. K. Akad. Wetensch. Amsterdam, 1921, 
23, 969). In the cases of solid hydrates (e.g., sodium sulphate) which have a definite 
transition temperature, it is of interest to know whether a similar definite transition occurs 
at about the same temperature in unsaturated solutions of these salts. We have therefore 
measured vicosities of sodium sulphate solutions over a wide range of concentrations 
and at temperatures near the transition point (32-5°) of the solid hydrate. 

Jones and Talley (J. Amer. Chem. Soc., 1933, 55, 624) claim that the relative viscosities 
of very dilute solutions of electrolytes can be represented by 


emieaveenr 2. Sei ® 
and the applicability of this formula to sodium sulphate solutions has now been tested. 


EXPERIMENTAL. 


Sodium sulphate (A.R.) was purified by recrystallisation from water until analysis of the 
anhydrous salt showed 100 (+ 0-01) % purity. The crystals were dehydrated by heating 
at 120° for several hours, and stored in a desiccator. The water used in making up solutions 
was prepared as described by Robinson and Briscoe (J., 1925, 127, 138); its specific conductivity 
was 1 x 10° mho. 

Solutions of approximately regularly varying compositions were prepared, filtered through 
sintered glass, and analysed; the molalities (m) are shown in Table I. Their viscosities were 
measured over composition ranges extending as near to the saturation limit as possible, measure- 
ments being made by Applebey’s method (J., 1910, 97, 2000), with slight modifications, as 
indicated below. Two viscometers (Nos. 1 and 2; Ostwald type) were constructed as recom- 
mended by Applebey, and duplicate determinations of viscosity were made for each solution 
by using both viscometers. In addition, measurements of very dilute solutions were also made 
in a viscometer (No. 3) of the type used by Washburn and Williams (J. Amer. Chem. Soc., 1913, 
35, 737). All viscometers were of Pyrex glass and dimensional details were as follows : 


Length of Vol. of Radius of Mean head Working 
Viscometer. capillary,cm. upper bulb, c.c. capillary, mm. ofliquid,cm. volume, c.c. 
1 17°5 8°74 0°23 16°08 115 
2 ; 17'1 9°31 0°23 14°15 12°5 
3 - 17°5 11-02 0°23 15:0 50 
The viscometers were first tested with pure water at 40°, by Applebey’s method, and found 
to obey Poiseuille’s law. Since all solutions had a greater viscosity than water and other 
temperatures were below 40°, this law was necessarily obeyed in all determinations now reported. 
Bingham (“ Fluidity and Plasticity,’” McGraw-Hill Book Co., New York, 1922) applied a 
kinetic-energy correction represented by the second term in the formula 7 = mgPR*/8iV — 
meV /8rit, but if Poiseuille’s law holds for any given solution (y constant), the first term is 
constant and therefore the kinetic energy term must be negligible; for this reason we have 
not applied such a correction. 
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In actual determinations the viscometer was held firmly in a holder of the Applebey type, 
modified so as to fix the position of the capillary limb, and immersed in a glass-sided thermostat, 
the temperature of which was electrically controlled; the variation was + 0-01° at 40° and less 
at lower temperatures. The time interval between make and break on the electrical control 
was uniformly 60 secs., and, following Joy and Wolfenden (Proc. Roy. Soc., 1931, A, 184, 413), 
we estimate that the maximum error thereby involved in timing is insignificant, owing to the 
rhythmical nature of this heating and cooling effect. 

Before a viscometer was filled, the solution (of known composition and contained in a glass- 
stoppered flask) and a filling pipette (in a glass container) were immersed in the thermostat 
for 1 hour. The size of the pipette was such as to fill the viscometer from the middle of the 
upper to the middle of the lower limb (cf. Applebey, Joc. cit.). When the viscometer was in 
position in the thermostat, the pipette was quickly filled from the stoppered flask and the content 
delivered into the viscometer, in which the level of the solution was adjusted before a run, 
precisely as described by Applebey. 

Time of flow was found with a Venner stop-watch, readable to 0-03 sec., and four timings 
(in agreement to 0-1 sec.) were taken for each solution. They were independent of the state of 
winding of the watch, which therefore could be used for solutions of longer time of flow than pure 
water. Measurement of time of flow for any one solution was preceded and followed by a measure- 
ment on pure water, in the same viscometer, to ensure that no contamination (e.g., by dust) 
had occurred. Some indication of the time of flow is given by the following results, which 
represent extreme values. 








Viscometer 1. Pure water . : ' Pure water 
Solution B 


Viscometer 2. Pure water . Pure water 
Solution A s Solution B 


Viscometer 3. Pure water 
Molalities: Solution A, 3°27; solution B, 2°0. 


Viscometers were cleaned and dried between determinations, by washing several times 
with dust-free distilled water, until no trace of sulphate could be detected in the last two wash- 
ings. A final washing with redistilled absolute alcohol was followed by 1 hour’s passage of a 
current of cleaned, dried air. As a further precaution, viscometers were cleaned with a sulphuric— 
chromic acid mixture after each six determinations. 

In calculating relative viscosities (n) we have used Applebey’s formula 

t# S—iraA_H— Ky,/S 
1° Me". * Ey P 





where n, = viscosity of solution, ng = viscosity of water, 
H = mean difference of level (cm. H,O), 
P = hydrostatic pressure as measured in standardisation (cm. H,O), 
K = a constant depending on the form of the viscometer, 

and +, = surface tension of solution. 


oOorir”iewrTlirew* 


Densities for sodium sulphate solutions at various temperatures are given by Gibson (J. Physical 
Chem., 1927, 31, 496) and in Int. Crit. Tables, Vol. III, 81. From these, by interpolation, we 
have found the densities (S) for the temperatures we used. Combined with densities of pure 
water (Sp) (op. cit., p. 25) and air (A) (op. cit., Vol. I, 71) for these same temperatures, the apparent 
relative densities (S — A)/(Sg — A) have been calculated. Check determinations of certain 
apparent relative densities were made at each temperature and agreed with those calculated 
from Gibson’s data to within + 0-00002. 

No suitable data are available for very dilute solutions (less than 1%), and we now give 
values (Table II) for the apparent relative densities (D) of such solutions. All our determin- 
ations were made with the procedure and silica pyknometers described by Peel, Madgin, and 
Briscoe (J. Physical Chem., 1928, 82, 285). 

The surface tensions of all solutions were determined as follows. The differences in equili- 
brium levels (h) in the capillary limb and the lower viscometer bulb, in conjunction with 
density data, for solutions and water were applied in the simple surface-tension formula, viz., 
YslVYo = hg(S — 2)/ho(Syg — 2), where the subscripts s and 0 refer to solutions and water 
respectively. ‘yg values are from Int. Crit. Tables and thus y, can be found. The relative 
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surface-tension results from two different viscometers agree to within + 0-002, and since 
relative surface tension varies but little with temperature, we give only one set of values, which 
are for 40°. 

The surface-tension correction is so small that results to 0-001 are adequate; nevertheless, 
the correction is useful, since it brings the results from two different viscometers into much 


closer agreement. 

For convenience in presenting results, Table I gives values from one viscometer only (viz., 
that requiring the smallest surface-tension correction). In all cases, corresponding results 
from a second viscometer agreed to + 0-0001 or better. On account of the very small vari- 
ations of K, only the two extreme values are given. 

Some isolated values for the viscosities of sodium sulphate solutions are available (Int. 
Crit. Tables, Vol. V, 15) and, where comparison is possible, they are in good agreement with 


those now reported. 
DIscUSSION OF RESULTS. 


The results of the present work are most suitably treated by considering the variation 
of viscosity with temperature for each solution of constant composition. Four repre- 
sentative examples are given in the fig., where A, B, and C show a negative temperature 
coefficient of viscosity but D shows a slight positive coefficient. Solutions more dilute 
than D also show a positive coefficient (cf. Table I). 


TABLE I. 


Relative viscosities of sodium sulphate solutions at various temperatures. 


Temp. 40°. 38°. 36°. 34°. 33°. 32°. 31°. 29°. 27°. 25°. 
H 16016 = 16-041 16°048 16°050 16°051 16°052 16°075 16-080 16°101 16-112 
P 15936 =15°961 15°967 15°969 15-970 15-971 15°993 15:998 16°019 16-029 
kK 0°00114 0°001144 
Relative viscosities (9). 

mm, y (40°). y =i a, 
001783 1-000 10096 1:0092 1:0088 1-0085 1:0085 1-0083 1°0083 1:0080 1°0079 1-:0079 
007156 1-003 1:0348 1:0342 1:°0335 1°0329 1-0326 1°0323 1:0321 1:0318 1:0316 1°0313 
0°14487 1:007 1:0673 1:0663 1:0654 1°0647 1:0644 1:0641 1°0636 1:0634 1-:0630 41-0626 
0°29296 1:015 1:1343 =:1°1335 «11328 1°1321 1:1318 1:1315 1°1312 1°1307 1:1301 1°1296 
0°44938 1-022 1:2091 1:2087 1°2081 1:2077 1°2074 1:2073 1-2070 12066 1:2064 1-:2062 
0°61247 = 1°030 1:2960 1°:2957 1°2955 1°2953 1:2951 1°2950 1°2949 1°2947 1-2945 1-2943 
0°78607 1-038 13910 1°3913 1°3917 1-3920 1°3923 1°3925 1°3928 1:3933 1°:3938 1°3944 
0°95279 1:°044 15014 1:5020 1°5026 1°5037 1°5041 1°5047 1°5054 1:5069 1°5086 1-°5106 
134412 1-058 17715 1°:7748 1°7776 1°7804 1°7826 1°7848 1-7870 1-7939 1°8024 1°8095 
155108 1°064 1°9333 1°9377 1°9423 1°9474 1°9501 1°9527 1°9558 1-:9626 1°9691 1°9779 
1:77155 1:073 2°1271 = 2°1321 2°1386 2°1473 2°1514 2°1568 2-1632 2°1788 2°1945 2°2155 
200111 1-082 2°3550 2°3615 2°3730 2°3830 2°3913 2°3985 2°4060 2°4272 2°4498 2°4844 
2°24276 1:093 2°6120 2-6219 2°6337 2°6507 2°6601 2°6710 2°6831 2°7113 2°7459 — 
2°50123 1-102 2°9228 2°9439 2°9653 2°9928 3-0045 3°0202 3-0352 3:0671 — — 
3°01142 1-128 — — — — — 3°8391 3°8792 — -— —_ 
3°27607 1-°140 41399 4:1706 4:2240 4:2850 43193 — — —_ —_ _ 

Y = ys/y_ (relative surface tension). m =: molality (g.-mol. per 1000 g. of water). 





TABLE II. 
Relative viscosities of dilute sodium sulphate solutions at 25°. 
000050 0:00099 0°00251 0°00501 0°01000 0:01777 0°02500 0:-07125 
1:00007 1°00013 1°00034 1-:00065 1:00128 1°00216 1:00323 1-:00912 


1:0009 1:0017 10029 10055 1-0079 10118 1-0313 
0°0224 0°0286 0°0339 0:0410 0°0550 = 0°0593 0°0746 0:1172 


Viscometers 1 and 3 gave identical results. C= molarity (g.-mol. per 1. of solution). 


Hatschek (‘‘ The Viscosity of Liquids,” Bell, London, 1928, p. 122) states that “ the 
viscosity of electrolyte solutions . . . referred to water at the same temperature, increases 
with rising temperature,” but our results for concentrated solutions, down to a molality 
of 0-78, show that the reverse is the case, and similar behaviour is shown by aqueous 
solutions of sodium carbonate and calcium chloride (Int. Crit. Tables, Vol. V). In addition, 
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other solutions of electrolytes (e.g., salts of lithium, magnesium, and copper) show a negative 
temperature coefficient for all known cencentrations (ib7d.). 

A possible explanation of the negative viscosity-temperature coefficients for the sodium 
sulphate solutions here reported is given by Rabinowitsch (J, Amer. Chem, Soc., 1922, 44, 
954), who considers that, in solution, highly hydrated salts show negative viscosity— 
temperature coefficients, owing to the progressive decomposition of hydrates as temperature 
rises. It is commonly supposed that, at constant temperature, there occurs a similar 
progressive variation of hydration with composition such that, as concentration increases, 
the hydration per molecule decreases but the total hydration increases. In addition, 
Applebey (loc. cit.) considers that a dissolved electrolyte will cause a depolymerisation 
of the solvent water, and he states that this effect will “‘ slowly decrease with successive 
additions of salt.’ 


40- 


384 


Temperature. 





277 























2 Relative viscosity,(). i 
"292 296 30 304 SOT 193 ‘796. _~4H5B F50 195129130 
Molalities. A = 2.50123, B = 1-55108, C = 0-95279, D = 0-61247. 


The effect of depolymerisation is to decrease viscosity, but the concomitant hydration 
of the solute electrolyte will increase viscosity. The variation of viscosity with concen- 
tration thus depends on which effect predominates, and evidently it is possible for a negative 
viscosity to change over to a positive viscosity with increasing concentration and vice 
versa. The degree of polymerisation of solvent water would be expected to increase as 
temperature falls, and so the depolymerisation due to a constant amount of solute should 
be more marked at lower temperatures. This factor alone would cause relative viscosity 
to decrease as temperature is lowered, and such behaviour is shown by the positive tem- 
perature coefficients of very dilute solutions (cf. fig., curve D). This depolymerisation, 
coupled with hydration effects discussed above, can account for the different slopes of the 
curves obtained for sodium sulphate solutions (see fig.), and it seems that hydration 
effects predominate as concentration increases, but become less pronounced as temperature 
rises for any one concentration Thus, an explanation of the marked slope of curve A 
may be that hydration predominates very considerably at this concentration, since the 
sulphate ion is considered to depolymerise water less than other anions (Bancroft and 
Gould, J. Physical Chem., 1934, 88, 197). Some support for this view of the abnormal 
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behaviour of the sulphate ion is given by the viscosities of aqueous solutions of salts of 
potassium, rubidium, and cesium (Int. Crit. Tables, Vol. V), since the sulphates are the 
only salts of these metals which do not give aqueous solutions showing relative viscosities 
of less than unity at lower concentrations. Further, for concentrated solutions, the 
slopes of the curves (e.g., A) decrease as temperature is lowered and this is ascribed to a 
corresponding increase in the coefficient of variation of hydration with temperature. 

Although the results of the present work do not give any evidence of an abrupt transition 
of hydrates in solution, yet there seems justification for the conclusion that hydration 
occurs and that it varies with temperature and concentration. Gibson (loc. cit.) has drawn 
similar conclusions from different experimental evidence. 

Sugden (J., 1926, 183) calculated molecular hydration values from distribution ex- 
periments, but was unable to calculate such values for sulphates in solution to show com- 
parable consistency with those obtained for other salts. 

With the exception of barium chloride solutions, equation (1) has only been applied to 
the viscosities of uni-univalent electrolyte solutions, and such measurements are in good 
agreement with the equation (cf. Jones and Talley, Joc. cit.; Joy and Wolfenden, /oc. cit.). 
Jones and Dole (J. Amer. Chem. Soc., 1929, 51, 2950) have applied a form of equation (1) 
to viscosities of solutions of barium chloride, but the value obtained for A differed markedly 
from that calculated by the method of Falkenhagen and Vernon (Phil. Mag., 1932, 14, 
537). Sodium sulphate, being of a similar valency type (uni-bivalent) to barium chloride, 
affords a useful example with which to test the validity of equation (1), which has been 
applied to our results for dilute solutions at 25° (Table II). 

From these results, the constants A and B in the equation have been calculated by the 
method of least squares, and the values found are A = 0-0155, B = 0-357. By applying 
the method of Falkenhagen and Vernon (loc. cit.) a value, A = 0-0147, has been obtained 
and thus the agreement between experimental and calculated values of A is comparable 
with that found by Jones and Talley (loc. cit.) for solutions of uni-univalent electrolytes. 

The viscosities of solutions of concentrations exceeding 0-1M are markedly greater 
than those calculated from equation (1), and the interpretation of such viscosities involves 
several indeterminate effects, which include the following: (a) The inter-ionic effect 
[AVC of (1)]; (0) the relaxation of solvent dipole effect [BC of (1)], discussed by Finkel- 
stein (Physikal. Z., 1930, 31, 130, 165); (c) the depolymerisation of the solvent, which is 
proportional to C", where n <1: evidently the solute becomes decreasingly effective in 
promoting depolymerisation as concentration is increased (cf. Applebey, Joc. cit.) ; (d) the 
effect of hydration of the solute in decreasing the amount of free water, whereby the viscosity 
is proportional to C™, where m > 1. 

SUMMARY. 


1. Viscosities of sodium sulphate solutions have been measured at various temperatures 
from 25° to 40° and over a range of concentrations extending up to as near saturation as 
possible. 

2. No evidence of a definite transition of hydrates in solution, comparable with the 
change which occurs in solid hydrated sodium sulphate at about 32-5°, has been found, 
but the existence of a less definite form of hydration is presumed. 

3. The viscosity-temperature curves for each concentration are discussed, and a prob- 
able explanation of their slopes is given in terms of hydration of solute and depolymeris- 


ation of solvent. 
4. It is concluded that there is a progressive increase in total hydration of solute as 


temperature is lowered. ‘ 
5. The equation 7 = 1 + AC + BC has been applied to dilute solutions at 25°, 
and a value for A has been found which agrees satisfactorily with that calculated by apply- 


ing the theory of Falkenhagen and Vernon. 


ARMSTRONG COLLEGE (DURHAM UNIVERSITY), 


NEWCASTLE-UPON-TYNE. [ Received, May 19th, 1934.] 












Notes. 


NOTES. 


Dimorphism of Rotenone. By R. S. CaHn, 


ROTENONE is usually described as melting at 163°, but is, however, readily obtained with m. p. 
164° by crystallisation. It separates from carbon tetrachloride with one molecule of solvent 
of crystallisation, from which it is freed by crystallisation from another solvent or by heating 
in a vacuum; the solvate resinifies when heated in an oven above about 80°, but is stable 
below about that temperature. Jones (J. Amer. Chem. Soc., 1931, 58, 2738) states that solvent- 
free rotenone, obtained from the solvate by the aid of heat, melts between 171° and 179°, and 
Butenandt and Hildebrandt (Amnalen, 1930, 477, 245) obtained a form, m. p. 176°, by grinding 
rotenone for a long time in an agate mortar. 

I find that the material recovered by heating the solvate at 100° in a water-pump vacuum 
melts at 181—182° when freshly prepared. Further, when rotenone, m. p. 164°, is kept for a 
few minutes at 170—175° and scratched, it resolidifies and melts at 176—179°. On one 
occasion this occurred, without scratching, during an ordinary m. p. determination in a 
capillary tube, a double m. p., 164° and 183°, being observed. 

Grinding in an agate mortar is unnecessary. After being pressed on a porous tile with a 
spatula, rotenone sinters at about 163° and then melts sometimes sharply at 183° and some- 
times unsharply below 179°. The high-melting form is changed to the low-melting form by 
recrystallisation, as stated by Butenandt and Jones (/occ. cit.); this change also occurs slowly 
on keeping, the m. p. falling and becoming very indefinite; the rate of change is very variable 
in different specimens, but appears not to be affected by heating at 100°. Attempts to 
crystallise rotenone in the high-melting form by (a) chilling a boiling solution in tetralin and 
(b) crystallisation at 100° of a xylene solution (30 g. in 50 c.c.) yielded the low-melting form. 

Care is necessary in identifying rotenone by the mixed m. p. method, the m. p. 181—182° 
being now usually obtained in this laboratory. This difficulty was not met during several years 
before the laboratory became thoroughly seeded with the high-melting form.—THE CooPER 
TECHNICAL BuREAU, 47 RussELL SQUARE, Lonpon, W.C.1. ([Received, May 17th, 1934.] 





Trimethylrhenium. By J. G. F. Druce. 


RuHENIvUM trichloride (Geilmann and Wrigge, Z. anorg. Chem., 1933, 214, 248) (2 g.) in ethereal 
solution reacted vigorously with methylmagnesium iodide (about 4 g.). The product was 
treated with an equal volume of 2N-hydrochloric acid (about 50 c.c.) and the yellow ethereal 
layer was separated, placed over calcium chloride for 24 hours, and distilled. Nearly a gram 
of a liquid came over at about 60°, and some previously distilled with the ether. On analysis 
by oxidation with fuming nitric acid under reflux and subsequent reduction with zinc foil and 
hydrochloric acid by the method of Briscoe, Robinson, and Stoddart (J., 1931, 666), 0-1235 g. 
of the liquid gave 0-1390 g. of ReO,,2H,O (Re, 82-5%), and this, on oxidation by the method 
of Geilmann and Hurd (Z. anorg. Chem., 1932, 210, 350), gave 0-1352 g. of HReO, (Re, 81:2%) 
[Re(CH), requires Re, 80-5%]. 

Trimethylrhenium thus obtained was an almost colourless oil, somewhat heavier than 
water, with which it did not appear to mix, although it imparted to this its not unpleasant, 
slightly ethereal odour. The oil was not very inflammable, but burned with an almost non- 
luminous flame, accompanied by a cloud of rhenium heptoxide. It reacted slowly with 
aqueous hydrogen peroxide, per-rhenic acid being among the products. 

The reaction product of rhenium trichloride and methylmagnesium iodide had a sharp 
odour reminiscent of certain tin alkyl halides. When the acid aqueous layer was distilled, a 
few drops of a halogen-containing oil (heavier than water) separated; this might be a methyl- 
thenium chloride.—[Received, May 12th, 1934.] 





A Case of Hydrogenation in the Sterol Group by the Action of Selenium. By CHARLES DorREE 
and VLADIMIR A. PETROW. 


In an attempt to obtain partially dehydrogenated derivatives of cholesterol, cholesterilene, 
C,;H,,, was heated in the usual way with selenium for 155 hours at 230—250°. Very little 
hydrogen selenide was evolved. The fluorescent oil obtained was distilled and from the 
fraction, b. p. 250°/1 mm., cholestane, C,,H,,, was isolated in a yield of 25%. 

The hydrocarbon formed plates, m. p. 80-0°, [«]}f" + 30-2° (Found : C, 87-0; H, 13-0, Calc. 
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for C,,H,,: C, 87-0; H, 13-0%). Values given for cholestane in the literature are m. p. 80°, 
[a]* varying from + 24° to + 43°. The hydrocarbon did not react with picric acid, bromine 
in ethereal solution, sodium in ethyl alcohol, sodium amyloxide, or with ozone (2% ozone for 
3 hours in chloroform). It gave no colour with tetranitromethane in chloroform, and no 
melting point depression in admixture with authentic cholestane. Its identity seems satis- 
factorily proved. 

Fractionation of the mother-liquors did not yield any y-cholestane, a result of interest in 
connexion with the observations of Windaus and Seng (Z. physiol. Chem., 1921, 187, 158) 
and also of Bose and Doran (J., 1929, 2244), who found that cholesterilene, on catalytic 
hydrogenation, gave cholestane together with ¥-cholestane in smaller amount. 

A case in which hydrogenation apparently occurs under the action of selenium has recently 
been reported by Ruzicka, Hésli, and Ehmann (Helv. Chim. Acta, 1934, 17, 442), who obtained 
from oleanolic acid, C595H,,0;, a small yield of a saturated hydrocarbon, oleanane, CygH 55. 
They attributed the formation of this substance to the hydrogenation of the double bond in 
oleanolic acid together with the loss of carbon dioxide and water. The observation is of 
interest in that previous attempts to hydrogenate catalytically the double bond in oleanolic 
acid have been unsuccessful. 

The formation of cholestane in comparatively high yield under the conditions cited above 
is a definite case of hydrogenation, and the action of selenium on other organic compounds is 
being examined.—CHELSEA PoLyTECHNIC, Lonpon, S.W. 3. [Received, June 16th, 1934.] 





Preparation of isoStilbene. By T. W. J. TayLor and Cares E. J. CRAWFORD. 


THE methods which have been described for the preparation of iso(cis)stilbene either give a 
small yield or are extremely tedious, so that the compound has been scarcely available in 
quantity. The most important that have been used are the partial catalytic reduction of 
tolane (Kelber and Schwarz, Ber., 1912, 45, 1951); reduction of tolane by zinc dust, which 
involves 180 hours’ boiling in the dark (Béeseken and Gloen, Rec. tvav. chim., 1928, 47, 694); 
and the decarboxylation of a-phenylcinnamic acid by distillation from baryta, where a yield 
of less than 2 g. is obtained from 24 g. of the acid (Stoermer, Annalen, 1915, 409, 41). 

A satisfactory modification of the last method takes advantage of the high catalytic power 
of copper chromite for decarboxylation (Kinney and Langlois, J. Amer. Chem. Soc., 1931, 53, 
2189; Reichstein, Griissner, and Zschokke, Helv. Chim. Acta, 1932, 15, 1067). a-Phenyl- 
cinnamic acid is an easily accessible substance and in quinoline solution at 210° it loses carbon 
dioxide rapidly in the presence of copper chromite; the yield of pure isostilbene amounts to 
60—-65% of the theoretical value. The efficiency of the process seems partly to depend on the 
enhanced stability of isostilbene in quinoline solution. The compound, if heated alone, is 
converted rapidly into (érans)stilbene at 180°, but in the presence of quinoline the change is 
very slow even at 230°. 

12 G. of a-phenylcinnamic acid (Bakunin, Gazzetta, 1897, 27, ii, 49; 1901, 31, ii, 77) were 
dissolved in 120 c.c. of quinoline and 1 g. of copper chromite (Adkins and Connor, J. Amer. 
Chem, Soc., 1931, 53, 1092) was added. On heating, slow evolution of carbon dioxide began 
at 190° (thermometer in the flask); the mixture was kept at 210—220° for 50 minutes. The 
cooled solution was poured into sufficient dilute hydrochloric acid to dissolve the quinoline, 
the whole extracted with ether, and the extract washed with dilute aqueous sodium carbonate 
to remove unchanged acid and dried. The residue after removal of the ether was dissolved in 
light petroleum (b. p. 40—60°) at 0°, and the solution filtered. Removal of the petroleum left 
an oil, from which, by fractionation under reduced pressure, 6-25 g. of isostilbene, b. p. 134°/ 
10 mm., were obtained. The yield is not appreciably changed by small alterations in temper- 
ature of reaction or time of heating —-THE Dyson Perrins LABoraTory, OxFrorpD. ([Received, 


June 9th, 1934.), 


Derivatives of Normeconin. By ROBERT Ropinson and H. R. L. STREIGHT. 


ATTEMPTs to demethylate meconin were unsuccessful owing to the formation of condensation 
products. However, the demethylation of bromomeconin by means of hydrobromic acid 
(but not hydriodic acid) proceeded smoothly. 

Bromonormeconin.—A mixture of bromomeconin (15 g.), hydrobromic acid (120 c.c., 
d 1-5), acetic acid (75 c.c.), and acetic anhydride (25 c.c.) was heated, in a bath at 90° and later 
at 110—115°, in an atmosphere of carbon dioxide for 7 hours. The product was added to 
water (2000 c.c.) and after 2 days the precipitate was collected, dried (11-5 g.), and crystallised 
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from 45% aqueous alcohol, forming colourless plates, m. p. 203—209° (8 g., recrystallised) 
(Found: C, 39-3; H, 2-1; MeO, 0-0. C,H,O,Br requires C, 39-2; H, 2:0%). Bromonor- 
meconin is easily soluble in ether or chloroform and sparingly soluble in benzene; it crystallises 
from tetrachloroethane in small rectangular prisms and from xylene in feathery needles. The 
catechol-type iron reaction and subsequent change from green to dull red on the addition of 
sodium carbonate are bright and characteristic in aqueous and alcoholic solutions. 

On a larger scale bromomeconin (120 g.) gave bromonormeconin (87 g.) in 81% yield. 
The preparation of the dibenzyl ether of this phenol was unsuccessfully attempted under 18 
sets of conditions; it was required for a synthesis of a pure nornarcotine. These trials were 
abandoned when it became clear that nornarcotine was not to be identified with vitamin C. 

A curious property of bromonormeconin is that, whilst the addition of dilute hydrochloric 
acid to an alcoholic solution does not precipitate it, the addition of aqueous ammonia causes a 
rapid separation of a substance, possibly an ammonium salt, which yields bromonormeconin 
on treatment with acid. 

The diacetyl derivative, obtained by heating the phenol (10 g.) with acetic anhydride (15 
c.c.) and pyridine (5 drops) on the steam-bath for 90 minutes, crystallised from alcohol in fine, 
white, prismatic needles, m. p. 152° (Found: C, 43-9; H, 2-9. C,,H,O,Br requires C, 43-8; 
H, 2-7%). The dibenzoyl derivative, prepared by the pyridine—benzoyl chloride method, 
crystallised from alcohol (charcoal) in white rods, m. p. 104—105° (Found: C, 58-2; H, 2-8. 
C..H,,;0,Br requires C, 58-3; H, 2-9%) (yield, 6 g. from 5 g. of bromonormeconin), 

6-Bromo-O-3 : 4-diphenylmethylenenormeconin.—Diphenylmethylenation of bromonormec- 
onin according to the method of Bradley, Robinson, and Schwarzenbach (J., 1930, 793) fur- 
nished the desired product, but the yield, though still poor, was improved by adoption of the 
following method: A mixture of bromonormeconin (4 g.), diphenyldichloromethane (4 g.), 
and pyridine (20 c.c.) was kept at room temperature for 24 hours and then heated on the 
steam-bath for 30 minutes. After the addition of water, the oil was collected and boiled with 
an excess of 5% aqueous potassium hydroxide, and the filtered solution then acidified. The 
reddish-coloured gum that separated was collected and became crystalline in contact with 
alcohol. The substance crystallised from this solvent in white prisms, m. p. 160° (Found: C, 
61-5; H, 3-4. C,,H,,0,Br requires C, 61-6; H, 3-2%). This derivative furnished benzo- 
phenone and bromonormeconin when it was heated on the steam-bath with a mixture of 
acetic and concentrated hydrochloric acids. 

On condensation with cotarnine in boiling alcoholic solution the substance furnishes a base 
having the properties to be anticipated for a diphenylmethylene ether of a bromonorgnoscopine. 
There is little doubt that a homogeneous nornarcotine could be synthesised along these lines, 
but, as the research was initiated under a misapprehension already implied, it was considered 
unnecessary to pursue the matter further. 

Although the reduction of bromomeconin to meconin can be effected, we have not yet 
found the conditions necessary for the formation of normeconin from its bromo-derivative.— 
THE Dyson PERRINS LABORATORY, OxForRD UNIversity. ([Received, June 7th, 1934.] 





Dimethylthallium Methoxide. By R. C. MENzIEs and A. R. P. WALKER. 


Dimethylthallium methoxide has been obtained, by double decomposition between thallous 
methoxide and dimethylthallium bromide in methyl alcohol, as a crystalline solid, m. p. 177— 
181°, which superficially darkens in air. It is sparingly soluble in light petroleum. It is also 
soluble in water, in which solvent hydrolysis is so complete that the thallium content may be 
accurately estimated by titration of the resulting dimethylthallium hydroxide with standard 
alkali (compare J., 1928, 186; 1932, 2605; Sidgwick and Sutton, J., 1930, 1465) [Found: C, 
13-75, 13-5; H, 3-4, 3-4; Tl, 77-1, 77-0 (by titration), 77-1 (as sulphate). C,;H,OTI1 requires 
C, 13-6; H, 3-4; Tl, 77-0%]. 

On attempted distillation in a vacuum, it decomposed at 120—130° with sufficient rapidity 
to project the cork and thermometer some distance into the air. The differences between 
dimethylthallium ethoxide, a liquid easily distilled in a vacuum and completely miscible both 
with water and with all the organic solvents tried (J., 1930, 1573), and methoxide thus resemble 
those between thallous ethoxide and methoxide (Sidgwick and Sutton, Joc. cit.) and between 
aluminium ethoxide and methoxide (Gladstone and Tribe, J., 1876, 29, 160; 1881, 39, 3). 

All three pairs constitute exceptionally well-marked examples of the familiar high melting 
points of many methyl as contrasted with the corresponding ethyl compounds.—THE UNIVER- 
sity, BristoL. [Received, June 7th, 1934.] 
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241. The Preparation of Triethyl-, Triisobutyl-, and Triphenyl-thallium., 
By STANLEY F. BIRcu. 


TueE following work was carried out in 1932 during a search for petrol-soluble organic 
thallium derivatives required to test Egerton and Gates’s suggestion (J. Just. Pet. Tech., 
1927, 13, 247) that thallium, like lead, should possess marked knock-suppressing properties 
in an internal-combustion engine. The compounds obtained were petrol-soluble, but 
their anti-knock properties were only about one-tenth of that of lead tetraethyl. 

Groll (J. Amer. Chem. Soc., 1930, 52, 3000) first obtained triethylthallium by the action 
of ethyl-lithium (Schlenk and Holtz, Ber., 1917, 50, 262) on diethylthallium chloride 
suspended in light petroleum; he subsequently obtained it, in very poor yield, by the 
action of ethyl chloride on thallium-sodium alloy. 

The simpler methods of preparation described below are based upon Gilman’s method 
for obtaining lithium alkyls and aryls (J. Amer. Chem. Soc., 1932, 54, 1957). No special 
apparatus is necessary, but it is essential to work in an inert atmosphere. Preliminary 
experiments using phenyl-lithium, prepared in ethereal solution from bromobenzene and 
lithium, showed that reaction with diphenylthallium bromide suspended in the same 
solvent readily occurred, with the formation of a compound having the properties of the 
expected iriphenylthallium. The triethyl and the ¢riisobutyl compound were similarly 
prepared. A greatly simplified form of Schlenk and Holtz’s.apparatus was devised for 
the purpose; it was only used to prepare the thallium compounds in quantities of a few 
grams at a time, but with little modification, it could be used for the preparation of much 
larger quantities. 

The required compounds could also be prepared, but less satisfactorily, in one operation 
by the action of the lithium compound upon thallous chloride suspended in a suitable 
solvent. The quantity of metallic thallium formed by reduction indicates that the 
reaction probably takes place through the mono-alkyl- or -aryl-thallium : 3LiR + 3TICl = 
(3TIR + 3LiCl) = TIR, + 2T1+ 3LiCl. Thisis in agreement with the work of Menzies and 
Cope (J., 1932, 2864), which appeared shortly after the present work was discontinued. 
These authors proved the formation of triethylthallium when ethylmagnesium bromide and 
thallous chloride react in ether, but did not isolate it. Their method of demonstrating 
its presence, viz., treatment with aqueous acetic acid followed by precipitation of the 
bromide with potassium bromide solution, had been devised independently, but glacial 
acetic acid was used ; this is essential when dealing with triphenylthallium, for otherwise 
the very insoluble oxide is formed; there is no need to convert diphenylthallium acetate 
into the iodide, as it can be separated and weighed as such. 

The reaction of lithium alkyls with dialkylthallium halides should give a useful method 
for the preparation of mixed thallium alkyls. An attempt to prepare diethylzsobuty]l- 
thallium by the action of isobutyl-lithium upon diethylthallium bromide was being made 
when the investigation was abandoned ; fractionation of the product gave small quantities 
of yellow liquids lighter in colour than the triethyl derivatives and apparently less stable, 
but no analyses were obtained. 

EXPERIMENTAL. 


The apparatus employed is shown in Fig. 1. The short wide Pyrex tube (A), about 
11 cm. long and 3-8 cm. in diameter, was fitted with a small double-surface condenser (B), a 
mercury-sealed stirrer (C), and a tube (D), which reached into a depression blown in the bottom 
of A so that the latter could be drained through D as completely as possible. Attached to the 
top of B was a small tap-funnel (£), so arranged that it could be closed with a mercury seal (F) 
or a stream of nitrogen passed through the apparatus by means of the tap (G). The tube D 
was attached by means of heavy-walled rubber tubing to the main reaction vessel (H), a filter 
of copper gauze (J) being fitted over the end of D and held in place by the rubber tube. This 
coarse filter served to hold back any unattacked lithium. The vessel H consisted of a tube, 
15-5 cm. X 3-8 cm., sealed at both ends, with side arms of wide bore, 8—9 mm. in internal 
diameter, placed at an angle of approximately 120°, which facilitated filling and emptying, 
similar to those used by Schlenk (Joc. cit.). H was attached to a sintered Jena-glass filter (K), 
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the coarseness of which was varied as required, and this in turn was attached to a second smaller 
reaction vessel (L), 12 x 2-5cm. Pressure tubing with a screw clip was used for each connexion, 
thus allowing the arrangement of the apparatus to be altered at will or any part to be vigorously 
shaken. A number of vessels similar to L were stored ready for use in a desiccator. By means 


Fie. 1. 








Dry 
Nitrogen 


of the three-way stop-cock (M) attached to L, H, K, and L could be evacuated or filled with 
nitrogen. 
The nitrogen ‘was stored in an aspirator over alkaline pyrogallate and dried with sulphuric 
acid and phosphoric oxide. Fic. 2 
Procedure.—In carrying out an experiment, the procedure was as hina 
follows: The reaction vessels A, H, and L, together with the tube 
D, the funnel K, and the corresponding rubber connexions, were 
dried in the oven, placed in position while still warm, and a current 
of dry nitrogen passed through the apparatus for an hour. A was 
then removed, the required amount of lithium, previously cut under 
light petroleum into very small pieces, placed in it, and the light 
petroleum replaced by decantation with dry ether or benzene. A 
was then replaced, the required amount of bromide diluted with 
some of the solvent placed in H, and the apparatus again swept out 
with nitrogen. 
The reaction was started by adding a little of the bromide from 
the funnel E and warming gently, and the addition was continued 
at such a rate as to maintain a steady reaction. When reaction 
became slow, the contents of A were kept gently boiling for about 
4 hour, and were then allowed to cool. Slight reduction of the 
pressure in H and opening of the screw clip N allowed the contents of 
A, consisting of lithium alkyl or ary], solvent, lithium bromide, and 
unchanged lithium, to be drawn over into H, which had been Dry Siac 
previously cooled in ice. Any unchanged lithium escaping from A Nitrogen Line 
was caught on the gauze J; A was then washed out with fresh solvent 7 
added from the tap-funnel E, and the washings drawn over into H. At this stage the clip N 
was closed and the tube B replaced, as in Fig. 2, by a three-way stop-cock (O) and small tap 
funnel (P). The vigorous reaction in H ceased as soon as the contents had been thoroughly 
mixed, and these were then tipped into the funnel K and filtered into L, the pressure in which 
had been slightly reduced. Trouble was sometimes experienced at this stage by the clogging of 
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the sintered glass through evaporation of solvent and crystallisation of dissolved salts; for this 
reason it was advisable to use plenty of solvent and not to reduce the pressure in L more than 
necessary. Owing to the solubility of lithium bromide, when ether was used it was necessary 
to remove it by gentle warming under reduced pressure, either before filtration while still in H or 
afterwards while in L. The residue was then extracted with benzene (in the preparation of 
triphenylthallium) or pentane (preparation of thallium alkyls), filtered, and the solvent removed 
from the filtrate. By varying the arrangement of the apparatus it was possible to crystallise 
triphenylthallium from benzene-light petroleum, filter off the crystals, and dry them in nitrogen. 
The thallium alkyls were transferred to a small Claisen flask in a current of nitrogen and distilled 
under reduced pressure. 

Triphenylthallium.—A rough estimation of the yield of tripheny]l-lithium from bromobenzene 
and lithium in ether was made by decomposing the reaction products with water and titrating 
the lithium hydroxide with standard acid using phenolphthalein as indicator; it showed that, 
under the following conditions, the yield was ca. 60%. 

Lithium (0-4 g.) in small pieces was suspended in ether (30 c.c.), and bromobenzene (4-5 g.) 
in ether (10c.c.) slowly added. The reaction started readily on slight warming and was complete 
in an hour; after being gently refluxed for a further } hour, the contents were slowly transferred 
to a reaction vessel (cooled in ice) containing diphenylthallium bromide (11 g.) suspended in 
ether (20 c.c.), and vigorously shaken. Although diphenylthallium bromide is insoluble in all 
the usual organic solvents, it reacted and disappeared as fast as the triphenyl-lithium was added. 
At the same time the whole became brownish-black, and heat sufficient to boil the ether was 
developed. After a short time, during which the ice was removed, the slight excess of 
diphenylthallium bromide was filtered off. Two layers were then obtained, being presumably 
solutions of thallium bromide and of triphenylthallium in ether; on warming they became 
completely miscible. After removal of the ether under slightly reduced pressure, the 
triphenylthallium was extracted from the residue of lithium bromide and unchanged diphenyl- 
thallium bromide by means of warm benzene, from which it crystallised on addition of light 
petroleum (b. p. 60—80°) in short, stout, white needles, m. p. 188—189°, decomp. 215—216°. 
It was filtered off and dried in a current of dry nitrogen; yield 5 g. (Found: Tl, 46-27. 
C,,H,,T1 requires Tl, 46-71%). 

Triphenylthallium is readily soluble in benzene, but insoluble in light petroleum. It rapidly 
oxidises in solution, but is unaffected on short exposure to dry air when free from solvent. 
When heated, it decomposes suddenly to give metallic thallium and a vapour possessing an 
odour of diphenyl. 

On allowing the benzene-light petroleum mother-liquor to evaporate in air, 1-3 g. of a pale 
biscuit-coloured solid separated. This was very insoluble in the usual solvents but separated 
from pyridine in small white needles, m. p. above 300°; it was identified as diphenylthallium 
oxide (Goddard and Goddard, J., 1922, 121, 486). 

Diphenylthallium Acetate-——Triphenylthallium (2-5 g.) was added to glacial acetic acid 
(10 c.c.) diluted with benzene (5 c.c.); heat was developed, but further warming was necessary 
before solution was complete. On removal of the solvent and excess of acetic acid under 
reduced pressure, diphenylthallium acetate was left as a white solid; it was washed with light 
petroleum (b. p. 60—80°); yield 2-4 g. MRecrystallised from cellosolve (ethylene glycol 
monoethyl ether), it formed fine colourless needles, m. p. 265° (cf. Goddard and Goddard, 
loc. cit.). 

Triethylthallium.—(a) Ethyl-lithium. <A rough estimation of the yield of ethyl-lithium was 
made as follows: Lithium (0-8 g.) was suspended in benzene (15 c.c.), and ethyl bromide 
(5-5 g.) diluted with benzene (5 c.c.) slowly added. When the bromide had been added and the 
reaction had become slow, the whole was gently warmed for } hour and then cooled. The 
contents were transferred to another vessel, the residual lithium washed several times with 
ether, and the ethyl-lithium in the solution and washings decomposed with water. The 
lithium hydroxide formed was titrated with standardised acid, and showed a yield of 28% based 
upon the lithium taken. 

(b) Triethylthallium, (First method.) Lithium (2-4 g.), cut in very small pieces, was 
suspended in benzene (40 c.c.), and ethyl bromide (16-5 g.) diluted with benzene (10 c.c.) slowly 
added. The reaction was complete in 3 hours, and the products were gently warmed for a 
further 4 hour, then cooled and slowly transferred to a reaction tube (cooled in ice-water) con- 
taining diethylthallium bromide (20 g.) suspended in benzene (25 c.c.). An immediate reaction 
took place, the whole became warm, and a grey precipitate of metallic thallium was formed. 
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After a short time the benzene was removed under reduced pressure,* and the residue thoroughly 
extracted with dry ether. On filtering the ethereal extract, a yellow solution was obtained 
which gave a deep yellow liquid on removal of the solvent. On distillation the liquid distilled 
almost entirely at 50—51°/1-5 mm.f without signs of decomposition to give a deep yellow heavy 
oil which fumed in moist air and possessed a rather nauseating sweet odour resembling that of 
the lead tetra-alkyls. The yield (crude) was 66%. Triethylthallium burns with a green flame 
and decomposes suddenly into thallium and free hydrocarbon, presumably butane, when heated 
in a tube. 

On adding glacial acetic acid (2—3 c.c.) to light petroleum (250 c.c.) containing triethyl- 
thallium (2-85 g.), an immediate white precipitate was formed which afterwards dissolved. 
The diethylthallium acetate (2-9 g.) left on removal of solvent crystallised from methyl alcohol 
in fine colourless needles, m. p. 232° (cf. Goddard, J., 1922, 121, 36). 

(Second method.) Diethylthallium bromide (7-2 g.) was suspended in pentane (20 c.c.), and 
lithium (0-6 g.) added in very small pieces. Ethyl bromide (4 c.c.) diluted with pentane (10 c.c.) 
was then slowly added. The reaction, as shown by darkening of the bromide, commenced 
almost immediately and was over in about an hour. After being stirred for a further } hour, 
the whole was filtered and the residue washed with pentane. The triethylthallium was not 
isolated but converted into diethylthallium acetate by adding acetic acid until the yellow 
colour disappeared. The crude acetate, left on removal of the solvent and freed from traces of 
acetic acid by means of caustic potash in a desiccator, weighed 5-5 g. (80%). 

Diethylthallium cyanide, which is precipitated from an aqueous solution of the acetate by 
means of potassium cyanide, crystallises from water in colourless micaceous plates which 
darken at 240° but do not melt when heated in a sealed tube above 310° (Found: Tl, 70-89. 
C,H, )NTI requires Tl, 70-85%). 

Ethyl-lithium and thallous chloride. Ethyl-lithium, prepared from lithium (0-6 g.) suspended 
in pentane (20 c.c.) and ethyl bromide (5 g.) diluted with the same solvent (10 c.c.), was slowly 
added to thallous chloride (20 g.) suspended in pentane (30 c.c.) and cooled in ice-water. An 
immediate blackening occurred and some heat was developed. After the addition was complete, 
the reaction tube was vigorously shaken and the contents filtered. The residue was washed 
several times with pentane, and the filtrate and washings treated with acetic acid followed by 
water. The diethylthallium iodide, precipitated from the aqueous layer by means of potassium 
iodide, after being washed with water, and dried, weighed 3-1 g., corresponding with 1-6 g. of 
thallium. The recovered thallous chloride, when treated with dilute nitric acid to remove the 
metallic thallium, washed with water, and dried, weighed 14 g., showing that 6-0 g. of thallous 
chloride had taken part in the production of 3-1 g. of diethylthallium iodide; 1.e., T1(C,Hs)3 : 
Tl = 1: 2-2, in good agreement with the equation on p. 1132. 

Triisobutylthallium.—(a) isoButyl-lithium. A rough estimation of the yield of isobutyl- 
lithium was made as in the case of ethyl-lithium, except that the solvent employed was ether. 
Approximately 50% of the lithium taken was converted into isobutyl-lithium. 

(b) Triisobutylthallium. Lithium (1-2 g.) in small pieces was suspended in dry ether (20c.c.), 
and isobutyl bromide (11 g.) in ether (10 c.c.) slowly added. The reaction started almost 
immediately and was complete in 1} hours, after which the whole was boiled under reflux for a 
further $ hour. It was then cooled and slowly transferred to a reaction tube (cooled in ice) 
containing diisobutylthallium bromide (16 g.) and ether (30 c.c.). The bromide rapidly dis- 
appeared, and the solution became dark owing to separation of metallic thallium, When all 
the lithium alkyl had been added, together with the ethereal washings from the unchanged 
lithium, the solvent was removed by evaporation and replaced by pentane. On filtration and 
removal of the solvent, a pale yellow liquid containing a little white solid (diisobutylthallium 
bromide ?) was left. The liquid distilled at 74—76°/1-6 mm. (slight decomp.) to give a pale 


* As considerable bumping frequently occurred during removal of solvents in this way, a second 
empty reaction tube was placed between that containing the liquid being evaporated and the vacuum 
line. 

+ The considerable discrepancies frequently to be found in the b. p.’s of compounds at pressures 
below about 5 mm. can no doubt be traced to variations in the form of apparatus used for distillation. 
The flow of vapours round sharp bends in the flask and side-arm, through constrictions such as taps 
in Perkin triangles and narrow-bore condensers, the practice of using leaks to prevent bumping and of 
connecting the gauge and the apparatus by means of a length of small-bore rubber tubing, all tend to 
indicate a lower pressure on the gauge than actually exists at the thermometer (cf. Hickman, J. Franklin 
Inst., 1932, 218, 124). 
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lemon-yellow liquid which tended to decompose and deposit metallic thallium on exposure to 
light; yield 10-9 g., 73%. It was analysed by breaking a bulb containing a small weighed 
amount under water; the heavy oil, which remained at the bottom, slowly decomposed, 
evolving a gas which burnt with a luminous flame tinged with green, presumably isobutane 
contaminated with traces of iriisobutylihallium, The oil eventually disappeared, aided by 
addition of a little alcohol, and the ditsobutylthallium hydroxide formed was determined by 
adding an excess of 0-969 x N/2-sulphuric acid and titrating back with N /10-sodium carbonate 
solution (methyl-orange) (2-1646 g. required 11-9 c.c. of acid. C,,H,,Tl requires 11-9 c.c. 
Found : Tl, 54-04, C,,H,,Tl requires Tl, 54-41%). 

Diisobutylthallium acetate was obtained in theoretical yield when triisobutylthallium and 
acetic acid were allowed to react in pentane solution. It crystallised from absolute alcohol in 
long, fine, colourless needles, m. p. 215° (decomp.) (Found: Tl, 54-63. C, 9H,,O,T1 requires 
Tl, 54-13%). 

Attempt to prepare Diethylisobutylithallium.—A rough estimation of the yield of isobutyl- 
lithium, using pentane instead of ether as the solvent, indicated that the yield is approximately 
60%. 

Lithium (3-2 g.) in small pieces in pentane (50 c.c.) was treated with isobutyl bromide (30 g.) 
diluted with the same solvent (50 c.c.). The reaction took much longer in starting, and 4 
hours had elapsed before it became very slow. The reaction mixture was refluxed gently for 
another hour and then, after being cooled in ice-water, was slowly added to a similarly cooled 
suspension of diethylthallium bromide (18 g.), which had been very finely ground and passed 
through a 100-mesh sieve, in pentane (30 c.c.). So much solvent was present that hardly any 
heating effect was noticeable, but blackening of the bromide at once occurred, followed by 
precipitation of metallic thallium. After filtration, the solvent was removed under reduced 
pressure and a pale yellow heavy oil remained. This oil was less stable than either the triethyl 
or the triisobutyl compound and decomposed on standing, particularly in light. On distillation, 
much thallium was formed but it was impossible to get any true indication of the pressure. 
In an improved apparatus, the b. p. was 50—65°/3-2 mm. Most of the distillate was treated 
with acetic acid in pentane solution, but the acetates formed, which appeared to be a mixture of 
the diethyl- and the diisobutyl-thallium salt, could not be fractionally crystallised. 


My thanks are due to the Directors of the Anglo-Persian Oil Co., Ltd., for permission to 
publish these results. 


THE RESEARCH DEPARTMENT, ANGLO-PERSIAN O1t Co., LTD., 
SUNBURY-ON-THAMES, [Received, May 30th, 1934.] 





242. A Contribution to the Chemistry of the Knoevenagel and 
Similar Reactions. 


By L. H. Situ and K. N. WELCH. 


OF the various theories put forward to explain the function of secondary bases as catalysts 
in Knoevenagel’s reaction, the one which has received most support from recent experi- 
ments (cf. Mannich and Ganz, Ber., 1922, 55, 3486; Dilthey, Ber., 1929, 62, 1609; Rodionow 
and Postovskaja, J. Amer. Chem. Soc., 1929, 51, 841) is that the secondary base and the 
aldehyde form an intermediate compound of the type NR,-CHR’OH (I), in which the 
hydroxyl group is “ activated ”’ by the tertiary nitrogen atom. Substances of type (I) 
are of extreme instability, however, and so the isolation of a compound of the type 
NR,’CHR’-CHR”, (II) by the reaction of compounds containing the “‘ active ’’ methylene 
group with the reaction product of a secondary amine and an aldehyde is no proof that 
combination takes place by elimination of water between (I) and the substance containing 
the active methylene group; but the process may consist in the regeneration of the aldehyde 
and amine from (I), reaction of the aldehyde and the compound containing the 
active methylene group to form a compound of the type OH-CHR’-CHR”, (III), and 
reaction of this with the amine. Thus it has been found that C(CH,*OH),(CO,Et), and 
CEt(CH,°OH)(CO,Et), readily react with piperidine to give unstable products of the 
amino-ester type. 
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It seemed possible that further light might be thrown on this reaction by employing 
substances of the type #-NR,°C,H,°CH,°OH, since the activating effect of the tertiary 
nitrogen atom on the hydroxyl group should be transmitted from the #-position through 
the ring. It would seem that this activation is to be accounted for on modern theories 
of electronic structure [cf., inter alia, Robinson, ‘‘ Outline of an Electrochemical (Electronic) 
Theory of the Course of Organic Reactions ”’] by the “ anionoid ” or “ electron-donating ”” 


character of the RN group which will tend to allow the hydroxyl group to separate 


as an ion, thus: 


R,N2-CH,>0H => R,N=CH,}* OH- 
RNILT ‘cH, >+OH = RN=< >=cH,} OH- 


This would account for the catalytic action of the hydrogen ion (see p. 1138) by its removing 
the hydroxy] ions as water and thus forcing the equilibrium towards the right. It would 


also account for the inhibiting effect of excess of acid, under which conditions the p Q 
2 


+ 
group will exist as ais and thus lose its “ electron donating ” character. 

As dimethylaminobenzy] alcohol itself is now readily available (see Smith and Welch, 
this vol., p. 730), it has formed the starting point of the investigation. This alcohol 
has been condensed with a number of substances containing the hydrogen atom activated 
by attachment to (1) the carbon atom of a methylene group between two acyl groups, 
(2) the benzene nucleus in the o- or #-position to a hydroxyl group, (3) a nitrogen atom as 
in primary or secondary amines, (4) a benzene nucleus in the £-position to a tertiary nitrogen 
atom. In many cases the reaction takes place smoothly without a catalyst, but in some 
cases the addition of triethylamine was found advantageous, probably not because of 
any direct catalytic action but because of its removal of any acid catalyst which (except 
in the case of condensation with amines) brings about undesirable side reactions (see below). 
The reaction bears a close analogy to the reaction of the hypotheticalintermediate compound 
(I); e.g., p-dimethylaminobenzyl alcohol condenses with dibenzoylmethane to give a«-di- 
benzoyl-B-p-dimethylaminophenylethane [reaction type (I)] and also to give aayy-tetra- 
benzoylpropane with elimination of dimethylaniline, which then condenses with another 
molecule of dimethylaminobenzyl alcohol to give tetramethyldiaminodiphenylmethane 
[reaction type (II)]. With phenols, reaction type (I) predominates; e.g., phenol itself 
gives 4-dimethylamino-4’-hydroxydiphenylmethane, identical with that produced by 
condensation of dimethylaniline and 3 : 5-dibromo-4-hydroxybenzyl bromide and reduc- 
tion of the resulting compound (Strecker, Annalen, 1904, 384, 339). Resorcinol similarly 
gives 4-dimethylamino-2' : 4’-dihydroxydiphenylmethane, and «- and 6-naphthols give 
respectively the 4- and the 1-dimethylaminobenzylnaphthol, the constitution of the last two 
compounds being established by the fact that the former readily gives a nitroso-derivative 
which forms a red co-ordination complex with cobalt, whereas the latter gives with difficulty 
a nitroso-compound which does not form such a co-ordination compound. 

With primary and secondary amines similarly, reaction type (I) predominates; e.g., 
p-toluidine readily reacts to give #-dimethylaminobenzyl-f-tolylamine, identical with the 
compound prepared by the action of anhydroformaldehyde-f-toluidine on a mixture of 
dimethylaniline and #-toluidine hydrochloride (Cohn and Fischer, Ber., 1900, 33, 2590), 
and diphenylamine reacts similarly. In the case of o-nitroaniline, however, the reaction 
proceeds exclusively as reaction type (ITI) to give methylenebis-o-nitroaniline. 

It is noteworthy that #-dimethylaminobenzyl alcohol and strong bases such as piper- 
idine and diethylamine undergo no ready reaction, and also no facile reaction was found 
to take place with ammonia, benzyl mercaptan, or hydrogen sulphide. 

The reaction with dimethylaniline is particularly interesting in view of its bearing 
on the mechanism of the formation of “‘ tetramethyl-base ” (IV) and similar reactions in 
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which ~-dimethylaminobenzyl alcohol would seem to be the obvious intermediate com- 
pound; thus the reaction would proceed in two stages : 


NMe,°C,H, -+ CH,O —> NMe,C,H,-CH,-OH —> NMe,Ph + CH,(C,HyNMe,), (IV.) 


Von Braun and Kruber (Ber., 1912, 45, 2077) suggested that the reactions of 
NMe,'C,H,°CH,"NH’C,H,Me (V) with a number of compounds, especially phenols and 
amines, in acid solution were probably not accounted for by its hydrolysis with formation 
of dimethylaminobenzyl alcohol, since they found that substances of somewhat similar 
constitution to dimethylaminobenzyl alcohol and also “‘ dimethylaminobenzyl alcohol” 
(see below) itself did not readily condense with amines under the conditions which were 
employed for the condensation of (V) with the phenols and amines. (For a similar reason, 
those authors considered that the formation of tetramethyl-base could not be accounted 
for by the intermediate formation of p-dimethylaminobenzyl alcohol.) Moreover, they 
explained the readier reaction of substances of the type NHMe-C,H,°CH,°OH, where the 
nitrogen is not tertiary, as being due to the intermediate formation of a quinonoid type of 
compound. In order to test this theory for the case of the condensation of dimethy]l- 
aminobenzyl alcohol with dimethylaniline, a study has been made of the comparative 
rates of this reaction and that of dimethylaniline with formaldehyde. Although no 
accurate measurements were obtained, it was found that the former reaction takes place 
very readily indeed in the presence of a trace of hydrogen chloride (contrary to the sug- 
gestion of von Braun and Kruber) and is very much faster than the latter, thus lending 
support to the idea that dimethylaminobenzyl alcohol is an intermediate stage in the 
formation of tetramethyl-base. It must also be pointed out that the compound described 
by von Braun and Kruber as dimethylaminobenzy] alcohol was not this substance, as shown 
by Clemo and Smith (J., 1928, 2423; see also Smith and Welch, Joc. cit.). 

It is further noteworthy that although a trace of acid strongly catalyses this reaction, 
and also that with #-toluidine, both alkali and excess of acid greatly decelerate the reaction ; 
for instance, in the preparation of #-dimethylaminobenzy] alcohol, a large excess of acid 
is used to inhibit this side reaction. 


EXPERIMENTAL. 


aa-Dibenzoyl-B-p-dimethylaminophenylethane.—Dibenzoylmethane (7-5 g.) and -dimethyl- 
aminobenzyl alcohol (5 g.) were heated in an oil-bath at 155—170° in the presence of 0-5 c.c. of 
triethylamine for one hour; the product was extracted from tarry matter by stirring with 
5 c.c. of benzene and standing in the ice-box for two days. The crystals (5 g.) were collected, 
shaken with 5N-hydrochloric acid, and again filtered off. The filtrate was made alkaline with 
50% potassium hydroxide, and the yellow crystals were filtered off, and recrystallised twice 
from benzene-light petroleum, giving aa-dibenzoyl-B-p-dimethylaminophenylethane (2 g.), pale 
yellow needles, m. p. 132—133° (Found: C, 80-8; H, 6-6; N, 3-9. C,,H,,;0,N requires C, 
80-7; H, 64; N, 3-9%). The residual solid, insoluble in hydrochloric acid, was washed with 
water, dried, and recrystallised from the same mixed solvent, giving a«yy-tetrabenzoylpropane 
(2 g.), m. p. 173—175°, not depressed by admixture with an authentic specimen. In the absence 
of triethylamine the reaction proceeded even more readily, but almost entirely as reaction 
type (II). 
4-Dimethylamino-4'-hydroxydiphenylmethane.—Phenol (3 g.) and -dimethylaminobenzyl 
‘alcohol (5 g.) were condensed together and the product worked up under the same conditions 
as above; the white crystals of 4-dimethylamino-4’-hydroxydiphenylmethane (yield 0-8 g.) 
were recrystalliséd from light petroleum, m. p. 107—108° (Strecker gives m. p. 108—109°) 
(Found: N, 6-0. Calc. for C,;H,,ON: N, 6-2%). 
4-Dimethylamino-2' : 4'-dihydroxydiphenylmethane.—p-Dimethylaminobenzy] alcohol (5 g.), 
resorcinol (4-5 g.), and 0-5 c.c. of triethylamine were heated in an oil-bath at 125—140° for one 
hour. The product was dissolved in ethyl acetate, treated with animal charcoal, and filtered. 
On cooling in ice, pale pink crystals of 4-dimethylamino-2’ : 4'-dihydroxydiphenylmethane (2-5 g.) 
were obtained, which are best purified by recrystallisation from aqueous methyl alcohol. The 
substance forms long, pale pink needles, m. p. 172-5° (slight decomp.) (Found: N, 5-9. C,,;H,,O,N 
requires N, 5-8%). 
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1-Dimethylaminobenzyl-2-naphthol.—p-Dimethylaminobenzyl] alcohol (5 g.) and $-naphthol 
(4:75 g.) without a catalyst reacted as before at 140° in one hour. The solid product was re- 
crystallised from benzene, forming pale yellow crystals, m. p. 143° (slight decomp.) (yield 4-5 g.) 
(Found: C, 82-2; H, 7-2; N, 5-1. Cy ,H,sON requires C, 82-3; H, 6-9; N, 5-1%). Nitrous 
acid gave a brown coloration with this substance, but a nitroso-compound could not be isolated, 
and the crude product did not give a co-ordination compound with cobalt salts. 

4-Dimethylaminobenzyl-1-naphthol_—In precisely analogous manner, this compound was 
obtained from a-naphthol; it crystallised from benzene (charcoal) as pale pink crystals (yield 
2-5 g.). After a second recrystallisation from aqueous methyl alcohol, it formed pale pink 
silky needles, m. p. 148—149° (slight decomp.) (Found: N, 5-1%). It gave with alcoholic 
ferric chloride a fine carmine coloration; and on treatment in the usual way with nitrous acid, 
it yielded a nitroso-derivative as a voluminous brown precipitate, which on solution in dilute 
acetic acid, addition of a cobalt salt, and boiling, gave a fine red coloration which was pre- 
cipitated by the addition of sodium acetate as a red-brown precipitate, almost indistinguishable 
from that formed by nitroso-«-naphthol, except that it was soluble in, and stable towards, dilute 
mineral acids. The condensation of m-2-xylenol with dimethylaminobenzyl alcohol led only to 
a glassy solid which could not be recrystallised ; quinol did not react. Moreover, the reactions 
with phenols did not proceed in the desired direction in the presence of a trace of acid, probably 
owing to auto-condensation of the p-dimethylaminobenzyl alcohol; neither did the reaction 
proceed smoothly in pyridine solution. 

p-Dimethylaminobenzyl-p-tolylamine.—p-Dimethylaminobenzy] alcohol (5 g.) and p-toluidine 
(3-5 g.) were heated in the presence of 0-5 c.c. of triethylamine at 190—200° C. for one hour. 
The product was recrystallised from methylated spirits, forming pale yellow crystals (yield 
4 g.), m. p. 101°, which could not be raised to 105° (Cohn and Fischer, Ber., 1900, 33, 2590) by 
repeated crystallisation. However, the crystalline form and solubility relations were in agree- 
ment with those described by those authors for ~-dimethylaminobenzyl-p-tolylamine (Found : 
N, 11-64. Calc. for C,,H.)N,: N, 11-66%). This reaction also proceeded readily by the use 
of an acid catalyst; the alcohol (1-5 g.) and #-toluidine (0-75 g.) with one drop of concentrated 
hydrochloric acid gave a yield of 1-5 g. in 12 hours at 37°. 

Diphenyl-p-dimethylaminobenzylamine.—Diphenylamine (3-5 g.) and #-dimethylamino- 
benzyl alcohol (3 g.) reacted in the presence of 0-3 g. of triethylamine at 200—205° for 2 hours. 
After standing for 11 days, a solid product separated, which was filtered off and recrystallised 
first from alcohol and then from ligroin. The amine forms colourless needles, m. p. 80—81° 
(Found: N, 9-45. C,,H,.N, requires N, 9-3%); it is very soluble in light petroleum, and its 
solution in sulphuric acid gives witha trace of nitric acid the blue-violet colour which appears to be 
characteristic of diphenylamine and its N-substitution derivatives; moreover, it gives no colour 
with lead peroxide and acetic acid. That the above formulation is probably correct is also 
shown by its non-identity with the only other probable product of the reaction p-(p’-dimethy]l- 
aminobenzyl)diphenylamine (Héchster Farbw., D.R.P. 107718), which is an oil and gives a 
blue colour with lead dioxide and acetic acid such as is given by derivatives of pp’-diamino- 
diphenylmethane. 

Methylenebis-o-nitroaniline.—p-Dimethylaminobenzyl alcohol (2 g.) and o-nitroaniline 
(2 g.) reacted readily in the absence of a catalyst at 130° in 1 hour, and the solid product (1-5 g.) 
on recrystallisation from alcohol had m. p. 195°, unchanged by admixture with an authentic 
specimen. 

4: 4’-Tetramethyldiaminodiphenylmethane (‘‘ Tetramethyl-base ’’).—(1) Dimethylaniline (1 g.) 
and dimethylaminobenzy] alcohol (1 g.) with one drop of hydrochloric acid solidified completely 
to a theoretical yield of the base after 3 days at room temperature, or after 1 minute’s boiling. 
(2) An almost theoretical yield was obtained by heating the same quantities of reagents for } hour 
at 180° in the presence of a few drops of triethylamine. 

In order to test von Braun and Kruber’s suggestion that dimethylaminobenzyl alcohol 
could not be the intermediate in the preparation of tetramethyl-base, the following comparative 
experiments were performed. (a) 2 G. of dimethylaniline, 0-6 g. of 40% formaldehyde, and 3 
drops of concentrated hydrochloric acid were mixed, and alcohol added to give a homogeneous 
solution; (b) 1 g. of dimethylaniline, 1 g. of p-dimethylaminobenzyl alcohol, and 3 drops of 
concentrated hydrochloric acid were mixed, and alcohol added to make the volume of the mix- 
ture equal to that of (a2). Both mixtures were placed in a thermostat at 37°, and the rate of 
formation of the base was determined by the appearance of a blue colour when a small portion 
of the mixture was treated in acetic acid solution with lead dioxide, and also by the appearance 
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of crystals in the liquid on seeding. After one hour, (b) developed a deep blue colour with lead 
dioxide, whereas (a) gave no trace of blue. After two hours, both mixtures were cooled, and 
then (a) on seeding deposited no crystals of base, whereas (b) went completely solid without 
seeding. At the end of 4 hours, (a) was still liquid at 37°, while (6) had almost entirely solidified. 


UNIVERSITY OF MELBOURNE. (Received, April 19th, 1934.] 





243. Thio-o-toluidine. Its Preparation by Synthesis and by the Action 
of Sulphur on o-Toluidine in the Presence of Litharge. 


By HERBERT H. HopcGson and Horace V. FRANCE. 


SULPHUR reacts with aniline alone to form 2 : 2’-diaminodiphenyl disulphide (Hofmann, 
Ber., 1894, 27, 2807), but when litharge is present the main product is 4: 4’-diamino- 
diphenyl sulphide (Merz and Weith, Ber., 1871, 4, 384; Hodgson, J., 1924, 125, 1855). 
Similarly o-toluidine reacts with sulphur (though very tardily) to give a small amount of 
2 : 2’-diamino-3 : 3’-ditolyl disulphide together with a relatively large quantity of 2’- 
amino-1-phenyl-3-methylbenzthiazole, presumably derived from the first product, and 
some 5 : 5’-disulphide (particularly if a little water be present) (Hodgson and France, J., 
1933, 296). 

It appeared of interest, therefore, to ascertain what influence litharge would exert in 
the reaction of o-toluidine with sulphur, and again the analogy with aniline was found to 
be followed, an excellent yield being obtained of 2: 2’-diamino-5: 5’-ditolyl sulphide 
(thio-o-toluidine). To prevent the formation of highly coloured by-products, however, 
the temperature of reaction must be kept as low as possible, and some of the o-toluidine 
should remain unaffected. 

The constitution of this compound was confirmed by its preparation from 2’-nitro- 
2-amino-5 : 5’-ditolyl sulphide, which, in turn, was obtained by the interaction of 5-bromo-2- 
nitrotoluene with the sodium salt of 2-amino-5-tolylmercaptan. 

It is noteworthy that the bisazo-derivative with 8-naphthol gives a fine blue colour 
with concentrated sulphuric acid in contrast with the usual violet-blues obtained from 
similar products. 

When 5-bromo-2-nitrotoluene is boiled with excess of aqueous sodium sulphide, about 
3% is reduced directly to 5-bromo-o-toluidine, and approximately 20% is converted into 
a monosulphide, whilst the remainder (77%) reacts to form a mercaptan which is sub- 
sequently reduced to the sodium salt of 2-amino-5-tolylmercaptan. 


EXPERIMENTAL. 


Sulphuration of o-Toluidine in Presence of Litharge-—A mixture of o-toluidine (107 g.) and 
sulphur (32 g.) was vigorously stirred at 135° while litharge (160 g.) was added portionwise 
(54 hours), the temperature throughout not being allowed to exceed 145°. After a further 
30 minutes’ stirring, the mixture was cooled, treated with 30 c.c. of 20% aqueous sodium 
hydroxide, and steam distilled, 20 g. of o-toluidine passing over. The dark blue residue was 
extracted 4 times with boiling benzene (800 c.c. in all), and the filtered extract treated with a 
slow stream of dry hydrogen chloride until precipitation commenced ; the initial highly coloured 
products were then filtered off, the substance in solution being finally precipitated as a hydro- 
chloride; yield, 70 g. If the reaction temperature exceeded 150° for any length of time, no 
unchanged o-toluidine was found, but the yield of highly coloured products was greatly increased. 

2: 2’-Diamino-5 : 5’-ditolyl Sulphide—The above hydrochloride was redissolved in very 
dilute hydrochloric acid and fractionally precipitated by means of 1% aqueous sodium hydroxide 
until the products were only faintly coloured; the whole of the base was then precipitated, 
washed free from alkali, and crystallised from 25% aqueous ethyl alcohol (charcoal); long 
colourless needles, m. p. 96° (Found: N, 11-6; S, 13-2. C,,H,,N,S requires N, 11-5; S, 
13-1%), sparingly soluble in hot water but readily in the usual organic solvents. The dihydro- 
chloride crystallised from hot dilute hydrochloric acid in silvery white plates, m. p. 248—249° 
(Found: Cl, 22-3; S, 10-3. C,,H,,N,S,2HCIl requires Cl, 22-4; S, 101%); the dipicrate 
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crystallised from water or 25% aqueous alcohol in small rectangular plates, m. p. 186° (Found : 
S, 46. C,H,,N.S,2C,H,0,N, requires S, 4-6%); the diacetyl derivative from dilute ethyl 
alcohol in colourless micro-needles, m. p. 220° (Found: S, 9-9. C,gH,, O,N,S requires S, 
9-8%), and the dibenzoyl derivative from methyl or ethyl alcohol in colourless needles, m. p. 
233° (Found : S, 7-3. C,,H,,O,N,S requires S, 7-1%). The base readily diazotises and couples 
with alkaline B-naphthol to give a bisazo-compound, which crystallises from benzene or ethylene 
dichloride in maroon micro-plates, m. p. 258° (Found: N, 10-3. C,,H,,O,N,S requires N, 
10-1%), and gives the characteristic colour reaction noted above. 

Synthesis.—A suspension of 5-bromo-2-nitrotoluene (5 g.) in a solution of sodium sulphide 
crystals (20 g.) and water (100 c.c.) was boiled for 4 hours under reflux, steam-distilled to remove 
volatile 5-bromo-o-toluidine (0-25 g., as determined by diazotisation and coupling with 6- 
naphthol), and the residual liquor filtered (filtrate A) to remove insoluble product (0-8 g.). 
This was boiled 3 times with great excess of 10% aqueous hydrochloric acid to remove nitro- 
amine, and the insoluble 2: 2’-dinitro-5 : 5'-ditolyl sulphide crystallised from glacial acetic 
acid; pale straw-coloured parallelepipeds, m. p. 164° (Found: N, 9-3; S, 10-7. C,H,,0,N,S 
requires N, 9-2; S, 10-5%), insoluble in boiling aqueous sodium mono- or di-sulphide. 

The filtrate A from the foregoing compound was treated with a current of air, whereby the 
2-amino-5-tolylmercaptan was converted into the insoluble 2 : 2’-diamino-5 : 5’-ditolyl disulphide 
(2-2 g.). 

2 : 2’-Dinitro-5 : 5'-ditolyl disulphide, prepared by the action of sodium disulphide on 5- 
bromo-2-nitrotoluene dissolved in alcohol, crystallises from glacial acetic acid in colourless 
plates, m. p. 163° (depressed to 140° by the monosulphide above) (Found: N, 8-5; S, 19-3. 
C44H,,0,N,S, requires N, 8-3; S, 19-0%), soluble in boiling aqueous sodium sulphide. 

5-Bromotoluene-2-azo-B-naphthol crystallises from dilute acetic acid in scarlet needles, m. p. 
172° (Found: Br, 23-3. C,,H,,ON,Br requires Br, 23-5%), which give a beautiful perman- 
ganate colour with concentrated sulphuric acid, turning scarlet on dilution. 

2'-Nitro-2-amino-5 : 5'-ditolyl Sulphide—The zinc salt of 2-amino-5-tolylmercaptan (10 g.), 
prepared by reducing 2 : 2’-diamino-65 : 5’-ditolyl disulphide with zinc dust and aqueous hydro- 
chloric acid and precipitating it by addition of sodium acetate, was suspended in ethyl alcohol 
(100 c.c.) and first treated with sodium (1-5 g.) to convert it into the sodium salt, after which 
5-bromo-2-nitrotoluene. (7 g.) was added, and the mixture heated under reflux for 6 hours. 
On cooling, almost pure 2’-nitro-2-amino-5 : 5’-ditolyl sulphide (4-5 g., m. p. 101°) separated, 
and a further 1-5 g. (m. p. 98°) were obtained by concentration. It was almost insoluble in 
light petroleum, fairly soluble in ethylene dichloride, and crystallised from 50% aqueous alcohol 
in yellow rhombs, m. p. 104° (Found: N, 10-3; S, 11-9. C,,H,,0O,N,S requires N, 10-2; S, 
11-7%), which give a vivid orange-red colour with concentrated sulphuric acid. The hydro- 
chloride crystallised from hot dilute hydrochloric acid in colourless plates, m. p. 187° (Found : 
Cl, 11-2. C,,H,,0O,N,S,HCl requires Cl, 11-4%), and was moderately soluble in ethyl alcohol ; 
the acetyl derivative crystallised from dilute methyl alcohol in pale straw-coloured needles, 
m. p. 143° (Found: S, 10-2. C,,.H,,O,N,S requires S, 10-1%); the benzoyl derivative from 
methyl alcohol in long, pale straw-coloured needles, m. p. 119° (Found: S, 8-6. C,,H,,0;N,S 
requires S, 8-5%); and the azo-B-naphthol derivative separated from glacial acetic acid, in which 
it is sparingly soluble, in deep maroon micro-plates, m. p. 194° (Found: N, 10-0. C,,H,,0,N;S 
requires N, 9-8%), which are moderately soluble in ethylene dichloride, and give a violet-blue 
colour with concentrated sulphuric acid which turns scarlet on dilution. 

2 : 2’-Diamino-5 : 5’-ditolyl sulphide was prepared from the above nitro-amine by reduction 
with iron dust and very dilute hydrochloric acid in the usual way. The product so obtained, 
together with its five derivatives, were identical .with the compound and its corresponding 
derivatives described above. 

When 2: 2’-diamino-5 : 5’-ditolyl disulphide was boiled for several hours with o-toluidine 
it was recovered unchanged, and the addition of litharge to the boiling mixture failed to produce 
the monosulphide. 


The authors thank Imperial Chemical Industries, Ltd. (Dyestuffs Group), for various gifts. 
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244. 3-Acetylcarbazole and Carbazole-3-carboxylic Acid. 
By S. G. P. Piant and S. B. C. WILLIAMs. 


It has recently been stated (I. G. Farbenind. Akt.-Ges., D.R.P. 555,312; Chem. Zenir., 
1932, ii, 2532) that the ketone prepared by Borsche and Feise (Ber., 1907, 40, 378) by the 
hydrolysis of the product derived from the interaction of 9-acetylcarbazole with acetyl 
bromide and aluminium chloride is not 3-acetylcarbazole (I), as was originally assumed, 
but 2-acetylearbazole. The structure is based upon the fact that the acid obtained from 
the ketone by oxidation is identical with that obtained from 2-aminocarbazole through the 
corresponding nitrile. The acid (m. p. 320—322°) prepared by Borsche and Feise by the 
fusion of their ketone with potassium hydroxide gives an ethyl ester which melts at 184°, 
H, 


*')CO-CH E H 
3 3 2 (II.) 
9 1 J H, 


NH H H, 


while an acid (m. p. 320°) obtained under certain conditions of temperature by the action 
of alkali and carbon dioxide on carbazole (I. G. Farbenind. Akt.-Ges., D.R.P. 442,609; 
Chem. Zentr., 1927, ii, 639), and also believed to be carbazole-3-carboxylic acid, gives an 
ethyl ester, m. p. 184°. The similarity in properties makes it probable that these acids 
are identical, and the more recent work suggests that they are in reality carbazole-2- 
carboxylic acid. 

In order to remove any confusion which exists concerning the structures of these simple 
carbazole derivatives, it seemed desirable to prepare authentic specimens of the apparently 
hitherto unknown 3-acetylcarbazole and the corresponding carboxylic acid. The former 
has now been obtained by the action of aluminium chloride on 9-acetylcarbazole, a pro- 
cedure similar to that used by Plant and Tomlinson (J., 1932, 2188) for the preparation 
of 3-benzoylcarbazole. The structure assigned to the product was established by reducing 
it with amalgamated zinc and hydrochloric acid to 3-ethylcarbazole, the identity of which 
was confirmed by synthesis. For this purpose ~-ethylphenylhydrazine was condensed 
with cyclohexanone, and the product converted by Fischer’s reaction into 6-ethyl-1 : 2 : 3: 4- 
tetrahydrocarbazole (II), which gave 3-ethylcarbazole on oxidation with sulphur in quinoline. 
A comparison of the properties of 3-acetylcarbazole and its 9-methyl and 9-acetyl derivatives 
with those of the Borsche and Feise ketone and its corresponding derivatives makes it 
clear that the products are different, and confirms the more recent views regarding the 
structure of the latter. Carbazole-3-carboxylic acid (m. p. 276—278°), obtained from 3- 
acetylcarbazole by fusion with potassium hydroxide, gave an ethyl ester, m. p. 165°, and is 
obviously different from the acids mentioned above. It therefore follows that the products 
previously believed to be carbazole-3-carboxylic acid must now be regarded as having the 
carboxyl group in the 2-position. 

2-Acetylcarbazole has been obtained during the present work by the hydrolysis of the 
9-benzoyl-2-acetylcarbazole prepared by the action of acetyl bromide and aluminium chloride 
on 9-benzoylcarbazole. It has been converted into its 9-methyl derivative, from which 
an oxime was readily obtained, and, by reduction with amalgamated zinc and hydrochloric 
acid, into 2-ethylcarbazole. 

EXPERIMENTAL. 

3-A cetylcarbazole.—When a mixture of 9-acetylcarbazole (3-5 g.; Boeseken, Rec. trav. chim., 
1912, 31, 350) and pulverised aluminium chloride (2 g.) had been heated gradually to 110°, 
frothing ensued. At this stage the whole was vigorously stirred until it became solid, the tem- 
perature being slowly raised to 120°. After the product had been boiled in alcohol with charcoal 
for 10 minutes, 3-acetylcarbazole, pale brown prisms, m. p. 167°, from toluene (Found : C, 80-4; 
H, 5:4. C,,H,,ON requires C, 80-4; H, 5-3%), was obtained by pouring the filtered solution 
into dilute hydrochloric acid. 

When an acetone solution of this substance (0-8 g.) was shaken for 10 minutes with aqueous 
potassium hydroxide (2 g. of 50%) and acetyl chloride (2-5 c.c.), and then poured into water, 
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3 : 9-diacetylcarbazole, colourless prisms, m. p. 153°, from alcohol (Found: N, 5-3. C,,H,,0,N 
requires N, 5-6%), was obtained. A similar procedure with methyl sulphate instead of acetyl 
chloride yielded 3-acetyl-9-methylcarbazole, practically colourless prisms, m. p. 102°, from alcohol 
(Found: N, 6-5. C,;H,,;ON requires N, 6-3%). 

3-Ethylcarbazole.—3-Acetylcarbazole (2 g.) and hydrochloric acid (50 c.c. of 30%) were 
shaken with granulated zinc (100 g.) which had been amalgamated by standing with aqueous 
mercuric chloride (200 c.c. of 5%) for an hour, and the mixture was left over-night. Anisole 
(5 c.c.) was added to dissolve the 3-acetylcarbazole (cf. Ramage and Robinson, J., 1933, 607), 
and the whole was boiled under reflux for 12 hours. The product was extracted with ether, 
and, after removal of the solvent, the residue treated with aqueous sodium carbonate and 
submitted to distillation in steam to remove theanisole. The 3-ethylcarbazole, colourless prisms, 
m. p. 142°, after crystallisation from acetic acid and then from toluene (Found: C, 86-0; H, 
6-9. C,,H,,N requires C, 86-2; H, 6-7%), was again extracted with ether and recovered by 
evaporation of the solvent. 

When -ethylphenylhydrazine, prepared by diazotisation of p-aminoethylbenzene (5-8 g., 
obtained by the method of Day, J., 1930, 252) and subsequent reduction with stannous chloride 
and hydrochloric acid (cf. Willgerodt and Harter, J. pr. Chem., 1905, 71, 409), was heated on the 
steam-bath for a few minutes with cyclohexanone (5 c.c.), and the resulting hydrazone was 
boiled for 10 minutes with water (90 c.c.) and concentrated sulphuric acid (10 c.c.), 6-ethyl- 
tetrahydrocarbazole, colourless plates, m. p. 78°, from petroleum (b. p. 40—60°), separated as an 
oil which solidified on cooling (Found: C, 84-1; H, 8-4. C,,H,,N requires C, 84-4; H, 8-5%). 
After this substance (2-6 g.) had been boiled with sulphur (0-85 g.) and pure quinoline (165 c.c.) 
for 4 hour, the product obtained by pouring the solution into ice-dilute hydrochloric acid was 
extracted with ether and dried with calcium chloride. When the residue obtained by evapor- 
ation of the extract was distilled with iron filings under reduced pressure, 3-ethylcarbazole 
was collected; it separated from toluene in colourless prisms, m. p. 144°, and was shown to be 
identical (mixed m. p.) with the compound described above. 

Carbazole-3-carboxylic Acid.—3-Acetylcarbazole (0-5 g.) was added gradually to potassium 
hydroxide (5 g.) which had been melted by heating with a little water (about 0-5 c.c.). After 
the molten mass had been stirred for a short time, it was cooled and dissolved in hot water. 
The filtered solution was acidified with hydrochloric acid and the precipitate esterified by 6 
hours’ boiling in alcohol containing a little sulphuric acid ; ethyl carbazole-3-carboxylate separated 
in colourless prisms, m. p. 165°, after concentration (Found: C, 74-9; H, 5-4. C,;H,,0,N 
requires C, 75:3; H, 5-4%). When the ester was saponified, the acid, colourless plates, m. p. 
276—278°, from acetic acid, was obtained (Found: C, 74-0; H, 4-5. C,,;H,O,N requires C, 
73-9; H, 43%). 

Derivatives from 2-A cetylcarbazole.—2-Acetylcarbazole was prepared not only by the methods 
already published, but also from 9-benzoylcarbazole. The latter (5 g.; cf. Stevens and Tucker, 
J., 1923, 123, 2140) was dissolved in carbon disulphide and treated first with pulverised alumin- 
ium chloride (11-5 g.) and then with acetyl bromide (7-5 g.). When the whole had been refluxed 
for 40 minutes and the solvent distilled off, 9-benzoyl-2-acetylcarbazole, pale brown plates, m. p. 
153°, from alcohol, was obtained by pouring the residue into ice-dilute hydrochloric acid 
(Found: N, 4:5. C,,H,;0,N requires N, 45%). 2-Acetylicarbazole, identical (mixed m. p.) 
with Borsche and Feise’s compound, resulted from this substance on hydrolysis with alcoholic 
alkali. 

The oxime of 2-acetylcarbazole crystallised from alcohol in colourless plates, m. p. 278° 
(Found: N, 12-3. Calc.: N, 12-5%). Them. p. (253°) given by Borsche and Feise (oc. cit.) 
for this oxime appears to be erroneous, since a careful repetition of their experiment gave a 
product identical with the above. 

By a process similar to that used for the isomeric 3-acetyl compound, 2-acetylcarbazole 
was converted into 2-acetyl-9-methylcarbazole, pale yellow needles, m. p. 122°, from alcohol 
(Found: N, 65%), which in turn gave an oxime, colourless prisms, m. p. 217°, from alcohol 
(Found: N, 11-9. C,,;H,,ON, requires N, 11-8%). 

When 2-acetylcarbazole was reduced with amalgamated zinc and hydrochloric acid, as 
described for the corresponding 3-acetyl compound, 2-ethylcarbazole, colourless prisms, m. p. 
225°, after crystallisation from benzene and then acetic acid, was obtained (Found: C, 86-7; 
H, 6-7%). 
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Laurence and Wolfenden : 


245. The Viscosity of Solutions of Strong Electrolytes. 
By V. D. LAuRENCE and J. H. WOLFENDEN. 


Jones and Dote (J. Amer. Chem. Soc., 1929, 51, 2950) have proposed an empirical equation 
to represent the viscosities of solutions of strong electrolytes, viz., y = 1 + Avc + Be, 
where 7 = relative viscosity of the solution, c = concentration (in mols. per litre), and 
A and B are constants. They realised that the coefficient A is due to interionic forces, 
and later, Falkenhagen, Dole, and Vernon (papers summarised in Phil. Mag., 1932, 14, 
537) deduced from the ion-atmosphere theory an equation evaluating A in terms of well- 
known physical constants. The validity of the two equations has been tested by Joy and 
Wolfenden (Proc. Roy. Soc., 1931, 134, A, 413), Jones and Talley (J. Amer. Chem. Soc., 
1933, 55, 624, 4124), and Cox and Wolfenden (Proc. Roy. Soc., 1934, 145, A, 475), who 
have shown that for uni-univalent electrolytes in aqueous solution the agreement between 
the observed and theoretical values of A is very satisfactory. 

Cox and Wolfenden (/oc. cit.) showed that, within the experimental error of the existing 
data, the coefficient B was made up additively of two independent components characteristic 
of the anion and the cation respectively. The principal object of the work now described 
was to determine whether B is rigidly additive or only a first approximation. For this 
purpose the viscosities of solutions of several pairs of lithium and potassium salts with 
common anions were measured in order to ascertain whether the differences between the 
values of B for the pairs were constant and independent of the common anion. 


EXPERIMENTAL. 


Four Washburn—Williams viscometers (J. Amer. Chem. Soc., 1913, 35, 737) were used. 
Their times of flow for water at 25° ranged from 691 to 1614 secs. The “ abstraction and 
addition ’’ technique of Cox and Wolfenden was used; after the time of flow for water had 
been measured, a small volume was abstracted from the viscometer with a syringe pipette 
(Krogh and Keys, J., 1931, 2436), an exactly equal volume of a solution of known concentration 
was added, and the time of flow redetermined. The mean times of flow for water and the solu- 
tions were determined with an error not greater than 0-1 sec., as illustrated in the tables by 
the concordance of independent determinations on the same solution in different viscometers. 
In view of the high dilution of the solutions, kinetic-energy and surface-tension corrections were 
not applied. 

Solutions of lithium iodate and of lithium and potassium acetates were prepared by neutralis- 
ing the carbonate and hydroxides respectively with the appropriate acid. The other solutions 
were prepared from well-crystallised specimens of the salts. 

Densities were taken from the International Critical Tables when sufficiently accurate data 
were available. In other cases they were determined by the Hartley and Barrett pyknometer 
(J.. 1911, 99, 1072); graphical interpolation from the following results was employed : 


Salt. Concn., N. a2 in air. Salt. Concn., N. ae in air. 


LilO, 0-1166 101836 LiOAc 0-1089 1-00293 
0-0233, 1-00366 0-0217, 1-00059 


All the measurements were made at 25°. 
Resulis.—The relative viscosities of the solutions were calculated from the expression 


1 = (tg/tw) (4s — air) /(4w~ — air) 


where ¢, and /, = time of flow for water and solution respectively, and the d’s represent the 
densities denoted by the subscript. The results are given in the table on p. 1145. 


DISCUSSION. 


The Jones—Dole equation may be written as (y —1)/V7c =A + BVc. If (n —1)/V c 
is plotted against ~/c, a straight line will be obtained, and its intercept on the (y —1)//c 
axis will give the value of A, and its slope that of B. 
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Lithium chloride. Lithium todide. Lithium todate. Potassium todate. 


q=i. 7-1 ew gu 5. 
Cc. 1 Ve Cc. 7 Ve c. 7 Ve c. 7) Ve 
000707 1-0013, 0-016, 0-00986, 1-0012, 0-012,  0-00297 1-0014, 0-026, 0-00505 1-0011, 0-015, 
000707 1-0014, 0-017, 0-00986, 1-0012, 0-012,  0-00588 1-0024, 0-031, 0-01010 1-0020, 
0-02821 1-0048, 0-028,  0-00986, 10013, 0-013, 0-00595 1- 0-030, 0-01516 1-0027, 
0-02884 1-0055, 0-032, 0-01973 1-0022, 0-015, 0-01190 1- 0-039, 0-01516 1-0028, 
005641 1-0090, 0-038, 0-01973 1-0022, 0-016, 001190 1- 0-041, 0-01990 1-0036, 
0-05641 1-0092, 0-039,  0-02959 1-0030, 0-017, 0-01785 1- 0-047, 0-02938 1-0050, 
005767 1-0098, 0-041,  0-02959 1-0031, 0-018, 0-02380 1- 0-053, 0-04458 1-0072, 
0-05767 1-0099, 0-041, 0-02959 1-0032, 0-019, 0-02380 1- 0-054, 0-04458 1-0072, 
0-08462 1-0133, 0-045,  0-03885 1-0038, 0-0197 0-02380 1- 0-055, . 
008651 1-0138, 0-047, 0-03885 1-0039, 0-0202  0-02938 1- 0-059, Potassium acetate. 
0-08651 1-0138, 0-047, 0-04811 1-0050, 0-022,  0-03569 1-0120, 0-063, 0-00932 1- 0-026, 
008651 1-0140, 0-047, 0-05737 1-0055, 0-023,  0-03569 1- 0-064, 0-00932 1- 0-026, 
011110 1-0172, -0051, 0-07475 1-0072, 0-026, . . 0-069, 0-01864 1- 0-036, 
0-11358 1-0185, 0-054, Tete . : 0-070, 0-01864 1- 0-037, 
0-13758 1-0213, 0-057, Potassium iodide. : : 0-0733 0-02796 1- 0-042, 
0-16773 1-0259, 0-063, 0-00275 0-9999, —0-001, 0- . 0-077, 0-02796 1- 0-044, 
0-16773 1-0259, 0-063,  0-00544 0-9998, —0-002, 0- : 0-0793 0-03728 1-0098, 0-050, 
0-21855 1-0336, 0-072, 0-01102 0-9995, —0-004, 0- : 0-086, 0-04546 1- 0-054, 
ah 0-02203 0-9988, —0-008, 0- : 0-086, 0-06296 1- 0-062, 
Lithium bromide. 0-02203 0-9987, —0-008, 0- : 0-091, my 
0-00843, 1-0016, 0-017, 0-02965 0-9981, —0-010, 0-09018 1- 0-0981 Lithium acetate. 
001686 1-0028, 0-021, 0-02965 0-9981, —0-010, 0-01110 1-0051, 0-048, 
0-02529 1-0038, 0-024, 0-02965 0-9978, —0-012, 0-01110 1-0051, 0-048, 
0-03372 1-0050, 0-027, 0-04006 0-9971, —0-014, 0-02198 1-0096, 0-064, 
0-04147 1-0060, 0-029, 0-05047 0-9962, —0-016, 0-03331 1-0146, 0-080, 
0-04921 1-0070, 0-031,  0-05929 0-9957, —0-017, 0-04441 1-0186, 0-088, 
0-05695 1-0079, 0-033,  0-05929 0-9956, —0-017, 0-06457 1-0275, 0-108, 
007181 1-0098, 0-036, 0-07890 0-9941, —0-020, 0-09393 1-0393, 0-128, 
0-08773 0-9935, —0-021, 
0-09696 0-9929, —0-022, 


The graphs of this function derived from our results show that the equation is obeyed 
in all cases over the concentration range covered by the measurements. The values of 
A and B, calculated by the method of least squares, are given in the following table, to- 


gether with the theoretical values of A calculated from Falkenhagen’s expression. 


Electrolyte. Aobs.X10*. Acate.X10*. BX10%. Electrolyte. Aobs.x10*. Aeac.X10*. Bx 103. 
64 + 10 67 139-+5 LilO, 79 + 10 82, 299 +. 5 

66 106 + 5 66 + 10 68 132 + 5 

67 81 +5 i 93 397 + 5 

49, 88 + 5 30 238 + 5 


The observed and theoretical values of A agree within the probable experimental error, 
except for lithium iodide, bromide, and acetate, where the divergence is not more than the 
maximum possible error. In the case of the last salt the gradient of the plot of (n — 1)//c 
is rather steep, and a larger error is to be expected. 

The limits within which B is an additive quantity are shown in the following table of 
differences between B values for lithium and potassium chlorides, bromides, iodides, 
iodates, and acetates. The values of B for potassium chloride and bromide, taken from the 
work of Jones and Talley (/oc. cit.), have been included in this scheme. « The probable 
error is + 0-008 throughout. 

Common anion Br’ V IO,’ OAc’ 
Bu. — Bx: 0-153, 0-155, 0-170, 0-167, 0-159, 

It will be seen that the spread of the values of By; — Bx- for the five anions concerned 
is 0-017, which is about twice the probable error of any single value. Although it is just 
possible that B,; — Bx. is truly constant, we are of the opinion that the additivity of B 
is only a first approximation. On the other hand, viscosities of uni-univalent electrolytes 
calculated from a series of B values for individual ions will not differ from the observed 
viscosities by more than 0-1% up to 0-1N. The additivity of B is therefore a very satis- 
factory first approximation. 

The Attribution of B Values to Individual Ions.—As an expedient necessary to the pro- 
visional attribution of B values to individual ions, Cox and Wolfenden drew a parallel 
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between the viscosity of a colloid, as expressed by the Einstein equation (Ann. Physik, 
1906, 19, 289; 1911, 34, 591), and the viscosity of an electrolyte made up of large ions. 
On this assumption, the contribution of large ions to the viscosity of an electrolyte is pro- 
portional to the ionic volume, and therefore to the cube of the ‘‘ Stokes radius ” derived 
from the ionic mobility. The assumptions underlying the derivation of Stokes’s law and 
the Einstein viscosity equation are sufficiently similar to suggest that the admittedly crude 
parallelism between colloid and electrolyte is most plausible in the case of ions obeying 
Stokes’s law. For this reason, Cox and Wolfenden selected lithium iodate as the elec- 
trolyte whose B value was to be sub-divided in the inverse ratio of the cube of the ionic 
mobilities, because its ions are large and because they obey Stokes’s law in the sense that 
the temperature coefficient of their mobilities is very nearly equal to that of the fluidity 
of water. 

The tetraethylammonium and picrate ions conform to Stokes’s law in this sense even 
more closely, however, so it seemed desirable to attempt an attribution of individual B 
values using the corresponding salt as the starting point. For this purpose the viscosity 
of solutions of tetraethylammonium picrate, lithium picrate, and tetraethylammonium 
bromide were measured at 25°. The results are shown in the following tables, together 
with the values of A and B derived from them. 


Densities. 
Salt. Concn., M. aa. in air. 
Lithium picrate 0°03218 1-00354 
0°02439 1-00269 


Tetraethylammonium bromide 0-01671 1-00067 
0:00827 1-00035 
i = picrate 0-01830 1-00179* 
0-00918 1-00089* 


* These apparent specific gravities are those determined by Cox and Wolfenden at 18°. At such 


low concentrations, they are nearly independent of temperature. 


Viscosities. 
Lithium picrate. 

| Kenll_3 , Eat J a—1, 7-1, 

Cc. 7. c. 7). Ve Cc. 2- Ve c. 7 Ve 

0-00419 1-0023, 0-01258 1-0066, 0-059, 0-01577 1-0087, 0-067, 0-02833 1-0140, 0-083, 

0-00419 1-0024, 0-01258 1-0068, 0-061,  0-02063 1-0105, 0-073, 0-03218 1-0164, 0-091, 

0-00839 1-0046, 0-01577 1-0085, 0-066, 0-02439 1-0125, 0-080, 0-03572 1-0176, 0-093, 
0-00839 1-0047, 

Tetraethylammonium picrate.t 
1-0034, 0-0é 0-00970 1-0082, 0-083, 0-02007 1-0161, 0-114, 0-02007 1-0168, 0-118, 


Tetraethylammonium bromide. 

000418 1-0019, 0-030, 0-01253 1-0051, 0-046,  0-01671 1-0069, 0-053,  0-02054 1-0083, 0-058, 
0-00418 1-0019, 0-030, 0-01253 1-0052, 0-047,  0-01671 1-0069, 0-053, 0-02821 1-0110, 0-065, 
0-00829 1-0035, 0-039, 0-01671 1-0066, 0-051, 0-02037 1-0082, 0-057, 0-03542 1-0137, 0-072, 
0-00835 1-0036, 0-039, 

+ The solubjlity of this salt in water is so low that the ‘‘ abstraction and addition ’’ technique cannot 
be used; B has been accurately evaluated for this salt at 18° by Cox and Wolfenden, and since the 
variation of B with temperature would be expected to be very small for this salt, the above approximate 


measurements were undertaken to confirm their results. 


The method of least squares applied to the above results leads to the following values 
for the constants-of the Jones—Dole equation (the values for lithium bromide being repeated 


0-00397 


from p. 1145) : 
P ‘ han XK W.. Aan X~ OO. B x 10°. 


91 + 20 108 451 + 5 
Tetraethylammonium bromide 82 + 20 69 343 + 5 
119 743 + 20 


Tetraethylammonium picrate 106 +- 40 
66 106 + 5 


Lithium picrate 
Lithium bromide 79+ 10 


A comparison of the B values for the four electrolytes derived from the four ions makes 
it obvious that here the principle of additivity breaks down to an extent far beyond the 
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experimental error; ¢g., (Byxt,pic. + Brigr) should be equal to (Byxtse + Brivic.), 
whereas the respective values are 0-850 and 0-794. Inasmuch as By;,, falls in line with the 
common value of (By; — Bx-) differences, it seems almost certain that the anomaly is to 
be attributed to one or more of the electrolytes containing organic ions. It is perhaps 
significant that the conductivity data for lithium and tetraethylammonium picrates show 
deviations from the Onsager equation of 30% and 20% respectively. In these cases, 
there must be some specific interaction between the ions, such as ion-pair formation, and 
therefore the breakdown of the principle of the additivity of B for these electrolytes is 
not unexpected. Pending further investigations, the provisional attribution of individual 
B values made by Cox and Wolfenden on the basis of lithium iodate must be adopted. 

The Effect of Charge on B.—Since the increment in viscosity produced by a colloid 
particle is increased by a charge on the particle (Smoluchowski, Kolloid-Z., 1916, 18, 190), 
it was thought interesting to compare the B coefficient of an ion with that of an uncharged 
particle of almost identical size. The viscosity of dilute solutions of acetic acid was there- 
fore measured and Byoac compared with Boa’. 

Acetic acid. 

fiscncsdtilieta a se —— mt ai ae ce tie 

001082 1-0012, 0-011;  0-04181 1-0049, 0-024,  0-09734 1-0113, 0-036, 0-29202 1-0336, 

0-01082 1-0013, 0-012, 005220 1-0060, 0-026,  0-12166 1-0139, 0-040,  0-38339 1-0445, 

0-02143 1-0026, 0-018,  0-06241 1-007], 0-028,  0-19468 1-0227, 0-051, 0-47479 1-0555, 

0-03121 1-0036, 0-020,  0-09234 1-0104, 0-034,  0-29202 1-0335, 0-062, 0-56617 1-0657, 

By the method of least squares these results give A = 0-0006 + 0-001, the theoretical 
value being zero for an un-ionised solute, and B = 0-117 + 0-005. The value of B for 
the acetate ion, from Cox and Wolfenden’s values for By; and Bx-, is 0-252 or 0-246, ac- 
cording to whether the B value of lithium acetate or potassium acetate is used. In ac- 
cordance with expectation, B for the charged anion is substantially larger than B for the 
acetic acid molecule. 

SUMMARY. 

(a) The relative viscosity of aqueous solutions of lithium chloride, bromide, iodide, 
iodate, acetate, and picrate, potassium iodide, iodate, and acetate, acetic acid, tetra- 
ethylammonium bromide and picrate has been measured at 25°. 

(6) The A and B coefficients of the Jones—Dole equation have been calculated. The A 
values are in good agreement with the Falkenhagen—Dole-Vernon equation. The B 
values for the inorganic salts show that the additivity of B coefficients for individual ions 
is probably no more than a satisfactory first approximation. The principle of the additivity 
of B breaks down unmistakably for the salts containing the tetraethylammonium and 
the picrate ion, perhaps owing to ion-pair formation. 

(c) Comparison of the values of B for the acetate ion and the acetic acid molecule shows 
that the effect of an electric charge is to increase the value of B considerably. 


The authors are indebted to Imperial Chemical Industries and to the Chemical Society for 
grants which defrayed the cost of part of the apparatus used. 


PHYSICAL CHEMISTRY LABORATORY, 
BALLIOL COLLEGE & TRINITY COLLEGE, OXFORD. [Received, July 9th, 1934.] 





246. The “ Hydrosulphides’”’ of Carvone and |-4-isoPropyl-4?- 


cyclohexen-1-one. 


By P. L. Hooper, A. KILLEN MacBETH, and J. R. PRICE. 


TuE formation of additive compounds of «$-unsaturated ketones and hydrogen sulphide 

has been observed by several workers (Fluckiger, Ber., 1876, 9, 468; Baeyer, Ber., 1895, 

28, 640), the reaction in the case of carvone being particularly examined by Wallach and 
4a 
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applied to its separation from natural sources (Annalen, 1899, 305, 224). The hydro- 
sulphide consists of two molecules of the ketone combined with one molecule of hydrogen 
sulphide, and it was at first suggested (Harries and Stirm, Ber., 1901, 34, 1931) that the 
union involved the carbonyl groups, since no oxime, semicarbazone, or phenylhydrazone 
could be prepared. This view was challenged by Steele (P., 1911, 27, 240), who described 
the formation of a dicyanohydrin which was readily broken down to an unsaturated 
dinitrile. The following structures were therefore pen : 


CH,-CH, 
CH,!CMe- a: oo oes MeC cr CMe:CH, (1) 
O—CH, 


H,-CH S CH—CH, 
CH,!CMe'H HMe MeHC H-CMe:CH, (IL) 
H,-C O—CH, 


These structures were later supported by the formation of a tetrabromide (Ziem, 
Diss., Leipzig, 1912, p. 19), which has been isolated as a definite crystalline product 
(Challenger, Smith, and Paton, J., 1923, 128, 1046). 

The supposed hydrosulphide of Go gone mss has been referred to 
by Wallach (Amnalen, 1905, 348, 32; 1907, 356, 236) and more recently by Cahn, Penfold, 
and Simonsen (J., 1931, 1368), but we are of the opinion that it has not hitherto been 
prepared. The identity of the compound appears to have been accepted by analogy with 
carvone hydrosulphide, obtained by a similar method, and we have been unable to trace 
any analysis of the substance in the literature. It is variously described as indeterminate 
crystals, m. p. 121—122°, and as an amorphous solid, m. p. 82°. When prepared by the 
action of hydrogen sulphide on an alcoholic solution of the ketone in the presence of 
ammonia, a polysulphide is undoubtedly formed; but by the method outlined on p. 1149, 
the pure hydrosulphide is readily obtained in a beautifully crystalline state, m. p. 206—207°. 
We have found the method of great service in definitely identifying the ketone in fractions 
of natural oils and in isolating it from such sources. 

Apart from the reaction with hydrogen cyanide (Steele, Joc. cit.), no definite proof of 
the presence of the keto-groups in these hydrosulphides has been forthcoming. JBis- 
dinitrophenylhydrazones of carvone and /-4-isopropyl-A*-cyclohexen-l-one hydrosulphides 
are now described, their identity being further supported by their ready breakdown to the 
dinitrophenylhydrazones of the parent ketones. The rotation changes in the case of these 
derivatives are set out below, a reversal of sign being observed on the formation of the 
hydrosulphide dinitrophenylhydrazones. 





1-4-isoPropyl-A*-cyclo- 

d-Carvone. hexen-l-one. 

Ketone + 60°2° — 64°5° 

Ketone dinitrophenylhydrazone + 130°3 0 

Hydrosulphide + 49°2 — 127°6 

Hydrosulphide dinitrophenylhydrazone — 172-2 + 63 

No direct evidence is available to fix the position of the sulphur linkings in the 

hydrosulphides. Wallach (“ Terpene und Camphor,” 1909, p. 63) preferred structure 
(I), but Steele (/oc. cit.), from the easy elimination of water in the dinitrile formation, 
considered (II) more probable. The general behaviour of the «$-unsaturated ketones 
appears to favour the latter; and the easy elimination of hydrogen sulphide finds a 
parallel in the ready removal of water from ®-hydroxy-acids. On the other hand, the 
sulphur atom in the hydrosulphides is very resistant to chemical action. No sulphonium 
compounds are formed with alkyl halides; mercuric chloride and methyl iodide break 
down the dinitrophenylhydrazones of the hydrosulphides to the hydrazones of the ketones 
themselves; and we have also failed to achieve oxidation to a sulphoxide or sulphone. 
This behaviour suggests some conjugation of the sulphur atom, and the difficulty ex- 
perienced in oxime, semicarbazone, and phenylhydrazone formation would meet with 
some explanation if the carbonyl groups were also involved. Structure (I) lends itself to 
such considerations if higher valencies are called into play. 
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EXPERIMENTAL. 


d-Carvone Hydrosulphide Bis-2 : 4-dinitrophenylhydrazone.—A sample of Schering Kahlbaum 
carvone was carefully fractionated and had [«]}§* + 60-2°. It was converted into the hydro- 
sulphide by Wallach’s method (Annalen, 1899, 305, 224) and crystallised in silky white needles 
from chloroform or alcohol—chloroform, [«]}?” + 49-2° (c, 5 in chloroform) [cf. Deussen and 
Ziem (J. pr. Chem., 1914, 90, 318), who give [a]}®* + 48-71° (c, 0-6026 in chloroform)].. The 
m. p. of the hydrosulphide on recrystallisation was found to be 211°, but in some cases we 
observed a rise to 217° on further crystallisation, falling again to 211° on repetition of the 
process. The hydrosulphide (1 equiv.) in chloroform was added with stirring to 2 : 4-dinitro- 
phenylhydrazine (1 g.) in alcohol (25 c.c.) containing sulphuric acid (2 c.c.), and the precipitated 
bisdiniirophenylhydrazone was recrystallised from alcohol—chloroform till of constant m. p.; 
orange-yellow, equidimensional crystals with more or less rectangular cross-sections, m. p. 
222°, [a]? — 172-2° (c, 1-5828 in chloroform), very soluble in chloroform, but sparingly soluble 
in other common organic solvents (Found: N, 16-0, 16-3; S, 4-5, 4-8. C3;,H;,0,N,S requires 
N, 16-1; S, 4:6%). 

1-4-isoPropyl-A*-cyclohexen-l-one 2: 4-dinitrophenylhydrazone was prepared from the 
ketone (obtained from E. Cneorifolia), [a]}§* — 64-5°, by the same method as above; after 
several recrystallisations from alcohol, it was obtained as shining orange needles, m. p. 137-5— 
138°, and was inactive (Found : C, 56-7; H, 5-6. C,;H,,N,O, requires C, 56-6; H, 5-7%). 

1-4-isoPropyl-A*-cyclohexen-1-one Hydrosulphide.—Prepared according to Wallach’s method, 
the product described as the hydrosulphide had m. p. 119° (Amnalen, 1907, 356, 236) or 
121—122° (Annalen, 1905, 343, 32) or 82° (J., 1931, 1368). Repeating the preparation, we 
found the product had m. p. 121°, which on standing rose to 180° (Found: S, 30%). It could 
not be crystallised and is evidently a polysulphide, since these also are formed in such reactions 
(Fluckiger, Joc. cit.). On passing dry hydrogen sulphide into a solution of the ketone (10 g.) 
in absolute alcohol (100 c.c.) containing anhydrous sodium carbonate (1 g.), a crystalline 
product soon began to settle out, and after standing over-night, it was separated and extracted 
with chloroform, beautiful, colourless, equidimensional crystals with sharp pyramidal termin- 
ations being obtained on concentration. Recrystallised from alcohol—chloroform or benzene, 
the hydrosulphide had m. p. 206—207°, [«]?” — 127-6° (c, 4-425 in chloroform) (Found : 
S, 10-2, 10-5. C,,H 3,0,S requires S, 10-3%). It is readily soluble in cold chloroform, less 
soluble in benzene, sparingly in cold alcohol, and moderately soluble in hot. The parent ketone 
is regenerated on refluxing the hydrosulphide with alkali in the presence of benzene; it was 
identified by its p-nitrophenylhydrazone, m. p. 168—169°, and 2: 4-dinitrophenylhydrazone. 

1-4-isoPropyl-A?-cyclohexen-l-one hydrosulphide bis-2 : 4-dinitrophenylhydrazone is readily 
prepared as described in the preceding cases. Recrystallised from chloroform or alcohol— 
chloroform, it separates as yellow needles, m. p. 238—239°, [a]?” + 6-35° (c, 1-419 in chloroform) 
(Found: N, 16-8; S, 4-9, 4-8. C39H,,N,0,S requires N, 16-7; S, 4:8%). 

Reactions with mercuric chloride. (a) Challenger, Smith, and Paton (loc. cit.) observed that 
in chloroform solution carvone hydrosulphide reacted with ethereal mercuric chloride to 
precipitate a yellow solid (probably 2HgS,HgCl,), a residual oil (probably carvone) being 
isolated from the filtrate. We have repeated this observation and identified the oil as carvone 
by conversion into its 2: 4-dinitrophenylhydrazone, m. p. (and mixed m. p.) 191—191-5°, 
[a]” + 130-4° (c, 2-025 in chloroform) (Allen, J. Amer. Chem. Soc., 1930, 52, 2955, gives 
m. p. 189°). 

(6) 1-4-isoPropyl-A?-cyclohexen-1l-one hydrosulphide gave a similar breakdown on the same 
treatment, the ketone being isolated and identified by its p-nitrophenylhydrazone. 

(c) d-Carvone hydrosulphide bisdinitrophenylhydrazone also reacts with ethereal mercuric 
chloride, but the reaction is only completed after several days’ standing. The residue on 
evaporation of the filtrate was recrystallised from alcohol and identified as carvone 2: 4- 
dinitrophenylhydrazone. 

(2) The bis-2 : 4-dinitrophenylhydrazone of /-4-isopropyl-A*®-cyclohexen-1-one hydrosulphide 
behaved similarly, but the reaction was hastened by 2—3 hours’ refluxing. The dinitrophenyl- 
hydrazone of the ketone was recovered from the filtrate. 

Action of methyl iodide. Previous attempts to prepare a sulphonium derivative by the 
action of methyl iodide on carvone hydrosulphide were unsuccessful. On refluxing its 
bisdinitrophenylhydrazone with excess methyl iodide for 11 hours, we found that the reaction 
mixture contained some unchanged material together with d-carvone 2 : 4-dinitrophenyl- 
hydrazone, 
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Attempted oxidation. Carvone hydrosulphide was recovered unchanged after prolonged 
treatment of an acetone solution with hydrogen peroxide. Some decomposition to carvone 
appears to take place, as the mother-liquors smelt faintly of the ketone, but it was not isolated. 

In other experiments the bisdinitrophenylhydrazone of /-4-isopropyl-A*-cyclohexen-1-one 
hydrosulphide was shaken in chloroform solution with aqueous permanganate during 2 days, 
and thereafter for 6 hours in a mechanical shaker, but only unchanged material was isolated. 


THE JOHNSON LABORATORIES, 
UNIVERSITY OF ADELAIDE. [Received, June 18th, 1934.] 





247. The Reduction of Permanganate in Buffered Solution: Potentio- 
metric Titration with Hydrogen Peroxide. 


By W. Puacu. 


WHEN potassium permanganate is reduced in the presence of hydrofluoric acid there is a 
tendency for reduction to be arrested at the tervalent manganese stage because complex 
manganifluorides are formed. The author has shown that under certain conditions 
reduction may be carried quantita- 
tively to this point when various 
12 reducing agents are used (J. Roy. Soc. 
S. Africa, 1931, 20, 93; 1934, in the 

press). 

In neutral and alkaline solutions, 
on the other hand, fluorides have no 
influence at all on the extent of 
reduction, which is always rather 
indefinite. The final reduction pro- 

— - duct is always a mixture of manganese 
Red liquid and brown dioxide and sesquioxide, as is shown 
in curve Cy, which is a typical poten- 
tiometric titration curve for a weakly 
alkaline solution of permanganate 
with an equivalent solution of hydro- 
gen peroxide. 

The presence of even large amounts 
of fluoride does not alter the form of 

Mee, C. : this curve, but, in the course of a 

/)quid and brown ppt. study of this point, one sample of 

sodium fluoride gave curves such as 

B, and B,. The difference was traced 

to sodium silicofluoride as an impurity. 

Similar curves were subsequently ob- 

tained when sodium or magnesium 

silicofluoride was used instead of 

10 15 20 fluoride, and a selection of these curves 

N/10-H,0,, cc. is shown in the figure. Curve A, 

obtained by reduction in the presence 

of N-sulphuric acid, has been added for comparison. The actual concentrations in each 
solution are given in the table. 


Titration of 20 c.c. of N/10-KMnO, by H,O, (otal vol., 180 c.c.). 
Curve B, B, Cy Cy 
DE PRR CBs. vecnssccssccexvese 0 5 5 5 
a Be aaa aii 0°75 0°75 0-15 0-06 
It is evident that in the presence of silicofluoride reduction takes place in definite stages. 
Manganese dioxide appears as a brown precipitate, and there is a fairly sharp break in the 
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curve when the permanganate has been completely reduced to this stage, the solution 
losing its reddish colour. As more peroxide is added, the precipitate becomes darker, 
until the tervalent manganese stage is reached, whereupon it begins to dissolve. Exactly 
at the bivalent manganese stage the last trace of precipitate dissolves to a clear solution, 
and the curves show a very sharp break. 

This effect of silicofluoride is easily explained as due to buffer action. When perman- 
ganate is reduced by hydrogen peroxide the solution becomes alkaline. Silicofluorides 
react, however, with alkalis as follows: SiF,”’ + 40H’——> Si(OH), + 6F’, thereby 
maintaining the hydroxyl-ion concentration at a value too low for precipitation of 
manganous hydroxide. According to Britton (J., 1925, 127, 2110), manganous hydroxide 
begins to be precipitated from dilute solutions of manganese salts when the Jy value of 
the solution reaches 8-8. The influence of decreasing amounts of silicofluoride is clearly 
brought out in curves B,, C,,and C,. Solutions B, and C, were both acid at the beginning, 
owing to sodium silicofluoride, but C, became alkaline during the reduction, and the 
precipitated manganese dioxide did not redissolve. 


Experimental.—In all cases 20 c.c. of N/10-potassium permanganate were titrated with 
N/10-hydrogen peroxide at room temperature. The course of reduction was followed 
electrometrically on a potentiometer circuit, a bright platinum wire being used as one electrode, 
and the saturated calomel as a second electrode. The liquid was mechanically stirred. The 
E.M.F. values plotted are those actually read, 7.e., they refer to the saturated calomel as zero. 
The potential showed a continual drift, and the values after an interval of 15 minutes were 
taken, at which point the rate of change had become very slow. 


UNIVERSITY, CAPE Town. [Received, June 11th, 1934.] 





248. Optical Rotatory Dispersion in the Carbohydrate Group. Part 
III. Tetramethyl a-Methylglucopyranoside and Tetramethyl a-Methyl- 
mannopyranoside. 

By R. W. Herbert, E. L. Hirst, and C. E. Woop. 


In Part I (J., 1932, 2108) it was shown that the rotatory dispersions of «-methyl-gluco- 
pyranoside and -mannopyranoside were slightly complex. The present paper describes 
experiments carried out during an attempt to investigate more closely the nature and 
character of the divergences from simplicity. For this purpose, specially purified speci- 
mens of the tetramethyl derivatives were prepared and their rotations were measured in 
various solvents over the maximum attainable range of wave-lengths. The results display 
several interesting features. In the first place, tetramethyl «-methylmannopyranoside 
in contrast with.the unmethylated pyranoside shows simple dispersion in each of the 
solvents water, alcohol, and chloroform. From Table II it will be seen that the rotation 
appears to be controlled by an absorption band in the Schumann region situated in the 
neighbourhood of 4 1600. This is in agreement with the observation that the absorption 
spectrum of the substance in aqueous solution shows no trace of selective absorption 
down to the minimum attainable wave-length (42100). It appears, therefore, that 
methylation of the free hydroxyl groups has resulted in the removal of the tendency to 
complexity shown by a-methylmannopyranoside. This could be brought about either 
by suppression of the optically active absorption band responsible for the complexity in 
the unmethylated methylmannoside or by such alteration of the numerical value of the 
contributions from the various centres that cancellation occurs with respect to the disturb- 
ing factors situated on the low-frequency side of the dominating band. A similar case, 
in which, however, the high-frequency terms completely cancel out, has been investigated 
by Hudson, Wolfrom, and Lowry in connexion with the rotatory dispersion of the aldehydic 
form of sugars (J., 1933, 1179). 

An interesting contrast is provided by the experiments with tetramethyl «-methy]l- 
glucopyranoside. Here, the complexity displayed by the unmethylated glucoside is 
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considerably enhanced by methylation, and the rotation of the tetramethyl ether can 
now be represented by a two-term Drude equation with terms of opposite sign, #, of the 
high-frequency term being greater than k, of the low-frequency term. 


TaBLeE I. 
Tetramethyl 
Tetramethyl a-methylglucopyranoside. a-methylmannopyranoside. 
Solvent. c. [a}i”. d,?. d,*. he/h}. ; {a]p . A,?. 
16°7 150° 0-0226 0-065 —0-°0198 . 43°4° 0-024 
1662 157 00233 00492 —0-0484 76°7 0°0247 
16°4 146 0-021 0-065 —0°0248 , 0-026 
(Homogeneous) — 159-2 0-025 — — 

The equations which represent the rotation in water, alcohol, and chloroform respec- 
tively are all similar in type (anomalous) and contain a positive term contributed by an 
absorption band in the Schumann region 
wv (A 1500 approx.) and a negative term corre- 
sponding to a band in the neighbourhood of 2 
2500 (for water and chloroform; A 2300 for 
alcohol). The deviations from simplicity are 
slight, and on this account it will be under- 
stood that the small negative term may be 
composite and the constants derived by 
calculation may represent approximately the 
sum of several terms, the frequency constants 
of which differ only slightly from one another. 
Not only the optical rotatory dispersion, but 
also the absorption spectrum (see fig.), of 
tetramethyl «-methylglucopyranoside differs 
markedly from that of the corresponding 
zit mannose derivative. Measurements with 
I tetramethyl «-methylglucopyranoside in the 
three solvents water, alcohol, and chloroform 
show an absorption curve characterised by a 
P i a step-out in the region 42600. The 

: L . absorption is weak in comparison with that 

a mm A 4 - sth, tang FO the majority of substances which display 
I. Tetramethyl a-methylglucoside in water. selective absorption, but with the evidence 
II. Tetramethyl a-methylglucoside in alcohol. at present available it is not unreasonable to 
III. Tetramethyl a-~methylglucoside in chloroform. suppose that the step-out is associated with a 
IV. Tetramethyl a-methylmannoside in water. region of absorption (ca. 22600) connected 
with the low-frequency term of the dispersion equations. This point is of special interest in 
that the linkages present in the molecule of tetramethyl methylglucopyranoside are not 
of the types normally associated with selective absorption in this region, itriasmuch as 
C-C, C-O-C, and C-H linkages are connected with absorption in the Schumann region 
(see Kuhn, Trans. Faraday Soc., 1930, 26, 293).. Absorption in the neighbourhood of 
2 2600 is occasioned by various unsaturated linkages, none of which is, however, present 
in the molecule of methylated methylglucoside. Nevertheless, the first carbon atom 
differs from the others in that it is connected with the ring oxygen atom and is included 
in a semi-acetal grouping. It might be suggested that absorption frequencies associated 
with this part of the molecule are responsible for the polarimetric effects now observed. 
In spite of the attractiveness of this idea, it should be pointed out that these properties 
are not observed with other semi-acetals of closely related structure, and the occurrence 
or non-occurrence of the phenomenon of complex rotatory dispersion seems to be dependent 
in some way upon the stereochemistry of the molecule. For instance, the corresponding 
fully methylated mannose derivative, which differs structurally only in the disposition 
of the groups round the second carbon atom, shows no sign of selective absorption or 
complex dispersion. Similarly, as shown by our previous work (Part I), sucrose and «- 
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methylmannofuranoside, which possess semi-acetal ring structures of the kind now under 
consideration, display simple rotatory dispersion. On the other hand, the majority of 
the sugar derivatives hitherto examined give definitely complex rotatory dispersions, and 
it would appear most probable that where simplicity occurs it is due either to an effect 
of the molecular structure on the absorption which renders negligible the effective value 
of the corresponding dispersion constant , or to the elimination of an effective contribution 
to the rotation by mutual cancellation of terms (see above). 

There is some evidence that the solvent may play an important part. For example, 
tetramethyl «-methylglucopyranoside in the homogeneous condition shows such small 
deviation from simplicity over the range 4 6708—3316 that its rotation may be represented 
within the limits of experimental error by a one-term equation. The absorption spectra 
of the substance in alcohol, chloroform, and water are all of the same type and, as may be 
expected, the corresponding values of 4,7 and 4, in the two-term Drude equations repre- 
senting the rotatory dispersion in the different solvents vary only slightly from solvent 
to solvent. The solvent effect is more evident when the values of the ratio k,/k, are con- 
sidered. These are —0-0198 for water, —0-0484 for alcohol, and —0-0248 for chloroform, 
the value for the substance in the homogeneous condition being so small that calculation 
of a two-term equation is not possible. It is of interest to find that this function of the 
solvent in altering the magnitude of the contribution of an optically active band to the 
total rotation is prominently displayed by tetramethyl methylglucopyranoside, the specific 
rotation of which is nearly independent of solvent. On the other hand, the rotation of 
tetramethyl methylmannopyranoside differs widely from solvent to solvent, but in each 
solvent the rotatory dispersion is now simple. The very different behaviour of this pair 
of closely related epimeric substances shows in a striking manner the extreme difficulty 
of correlating chemical structure with such sensitive phenomena as optical rotatory 
dispersion and absorption. 

EXPERIMENTAL. 

Tetramethyl «-methylmannopyranoside, m. p. 40°, was prepared by methylation of a- 
methylmannoside (see Tipson, Haworth, and Hirst, J., 1930, 2658). Before use, it was crystal- 
lised several times from cold (— 10°) light petroleum and finally distilled under diminished 
pressure. Tetramethyl a-methylglucopyranoside was prepared by methylating specially 
purified «-methylglucoside with methyl sulphate in the usual manner, and purified by repeated 
distillation under diminished pressure, b. p, 108°/0-1 mm. It was a colourless liquid, jp” 
1-4455. The measurements of the rotatory dispersion were made by the methods described 


in Part I (loc. cit.). 
TABLE II. 
Tetramethyl «-Methylmannopyranoside. 
(A) In water, t= 20°. J=1dm. c= 15°05. [a], = 6°645a,. a) = 2°11178/(A* — 0-024). 
A. Gebs.- calc. Diff. A. obs.- calc. Diff. 
6708 +4:97° +4-96° +0°01° 3646 19°44° 19°39° +0°05° 
6137 6:00 5°99 +0°01 3329 24°44 24°32 +0°12 
5893 6°53 6°53 +0 3209 26°92 26°80 +0°12 
7°24 7°25 —0°01 3102 29°40 29°24 +0°16 
‘ 7°87 +0°03 2932 34°39 34:08 +0°31 
i 8°32 +0°01 2786 39°36 39°38 —0°02 
9°52 +0°02 2676 44°35 44°36 —001 
11-46 —0°02 2630 46°83 46°75 +0°08 
13°97 —0-03 2585 49°33 49°32 +0°01 
16°46 —0°02 2505 54°31 54°50 —0°19 


In alcohol. t= 20°. }=1dm. c= 15-007. [a],” = 6°664a,. a, = 3°72968/(A® — 0°02467). 
6708 +8°72° +8°77° —0°05° - 3860 29°94° 30°00° —0°06° 
6292 10°00 10°05 —0°05 3743 32°44 32°31 < 
6104 10°72 10°72 +0 3356 42°44 42°40 
5893 11°51 11°56 —0°05 3216 47°42 47°36 
5805 11°84 11°94 —0°10 3100 52°41 52°21 
5515 13°32 13°35 —0°03 2999 57°41 57°14 
5225 15°01 15°02 —0°01 2912 62°40 62°03 

17°41 17°42 —0°01 2829 67°37 67°30 

19°44 19°47 —0-03 2759 72°36 72°49 

22°44 22°43 +0°01 2696 77-35 77°68 

27°44 27°48 —0°04 2645 82°35 82°35 
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(C) In chloroform. 


$= 20°. 


A 
6708 
6292 
6104 
5893 
5805 
5515 
5225 
4887 
4667 
4444 
4266 
3966 


Qobs.- 
+9°70° 
11°10 
11°87 
12-79 
13°20 
14°81 
16°68 
19°33 
21°44 
23°94 
26°44 
31°44 


Aealc.- 
+9°70° 
11°12 
11°86 
12-80 
13°22 
14°84 
16°65 
19°32 
21°44 
23°98 
26°36 
31°32 


7= 1 dm. 


c= 16134. 
Diff. 


ay 4 

— 0°02 
+0°01 
—0°01 
— 0°02 
— 0°03 
+0°03 
+0°01 
+0 

— 0°04 
+ 0°08 
+0°12 


3689 
3507 
3358 
3234 
3123 
3032 
2949 
2878 
2813 
2755 
2678 
2605 


[a],” = 6°198a,. 
r 


obs. 
37°44° 
42°44 
47°44 
52°44 
57°44 
62°40 
67°39 
72°38 
77°37 
82°36 
89°86 
97°33 


In these three solvents the rotatory dispersion was simple. 


Tetramethyl «-Methylglucopyranoside. 


(A) In water. 


6708 
6495 
6137 
5893 
5805 
5616 
5515 
5225 
4887 
4667 
4480 
4280 


In alcohol. 


6708 
6137 
5893 
5805 
5515 
5225 
4887 
4681 
4480 
4382 
4282 
4043 


In chloroform. 


6708 
6495 
6137 
5893 
5805 
5616 
5515 
5225 
4887 
4746 
4534 
4356 
4202 
4031 


+18:°99° 
20°25 
22-93 
25-00 
25°79 
27°71 
28°82 
32°37 
37°45 
41°45 
45°45 
50°45 


+19°83° 
23°95 
26°11 
26°94 
30°09 
33°82 
39°15 
43°07 
47°44 
49°94 
52°44 
59°94 


-+18°19° 
19°47 
22°02 
24°01 
24°80 
26°62 
27°66 
31-07 
35°99 
38°44 
42°44 
46°44 
50°46 
55°44 


$ == 20°. 


$= 20°. 


7=1 dm. 


+19-00° 
20°33 
22-92 
24°99 
25°80 
27°69 
28°79 
32°36 
37°44 
41°45 
45°40 
50°30 


7= 1dm. 


+19°85° 
23°95 
26°11 
26°96 
30°09 
33°82 
39°14 
43°04 
47°46 
49°87 
52°53 
59°88 


t= 20°. J= 


+18°27° 
19°55 
22°04 
24-02 
24°80 
26°62 
27°68 
31°10 
35°97 
38°36 
42°45 
46°42 
50°36 
55°35 


c= 16°693. 


—0°01° 
—0:08 
+0°01 
+0°01 
—0°01 
+0°02 
+0°03 
+0°01 
+0°01 
+0 
+0°05 
+0°15 


= 16°624. 


c= 16°403. 


0-01946/(A2 — 0-065). 


—0°08° 
—0-08 
—0°02 
—0°01 
+0 
+0 
—0°02 
—0°03 
+0°02 
+0°08 
—0°01 
+0:02 
+0°08 
+0:09 


[a}x = 5 
0°1645/(A2 — 0°065) 


4105 
3945 
3821 
3695 
3591 
3497 
3370 
3258 
3151 
3071 
2957 


3842 
3670 
3529 
3364 
3227 
3108 
2957 
2832 
2760 
2723 
2690 
2631 


[a], = 6°0154a). 
0°48395 /(A2 — 004919). 


55°45° 
60°45 
65°45 
70°45 
75°45 
80°45 
87°95 
95°44 
102-93 
110-42 
120°41 


67°44° 
74°94 
82°44 
92°44 
102-43 
112-42 
127-40 
142-36 
152-36 
157°35 
162°34 
172°34 


[a],” = 6:0965a). 


3883 
3754 
3638 
3533 
3399 
3280 
3178 
3084 
2975 
2882 
* 2763 
* 2761 
2690 


60°44° 
65°44 
70°44 
75°44 
82°94 
90°43 
97°92 
105°41 
115-41 
125°39 


140°37 
150°36 


Gealc.- 
37°35° 
42°39 
47°39 
52°32 
57°48 
62°37 
67°44 
72°35 
77°39 
82°40 
89°94 
98°23 


55°30° 
60°59 
65°24 
70°56 
75°48 
80°40 
87°86 
95°36 
103-44 
110°15 
120-70 


67°37° 
75°02 
82°35 
92°44 
102-37 
112-41 
127°49 
142-36 
152-07 
157-40 
162°34 
171-60 


a, = 7°860/(A? — 


60°34° 
65°29 
70°30 
75°38 
82°76 
90°32 
97°71 
105-41 
115-60 
125°57 
{ 140°31 
140°59 
150°39 


ay = 4°1118/(A? — 0°026). 


Diff. 
+0°09° 
+0°05 
+0°05 
+0°12 
—0-04 
+0°03 
— 0°05 
+0°03 
— 0°02 
—0-04 
—0-08 
— 0°90 


9904a). a, = 8°30103/(A2 — 0°0226) — 


+0°15° 
—0°14 
+021 
—011 
—0°03 
+0°05 
+0°09 
+0:08 
—0°51 
+0°27 
—0°29 


a, = 8°98392/(A? — 0-02333) — 


+0-07° 


* Alternative readings, either of which may be correct. 


In each of these three solvents the rotatory dispersion of tetramethyl «-methylglucopyranoside 
was complex, but the anomalies predicted by the equation lay outside the range of the experi- 
mental observations. 
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(D) Homogeneous. t= 20°. 7= 0°5 dm. ae = 1°108. [a],” = 1°805a,. a, = 28°827/(A? — 0°0205). 
, Gobs.- Acalc.+ Diff. A Gobs.- Qcalc.+ Diff. 
6708 +66°97° +67°12° —0°15° 4871 132°46° 132°57° —0O°11° 
6292 76°66 76°74 —0°08 4722 142°46 142°37 +0:°09 

6104 81°84 81°87 —0°03 4578 152°46 152°46 0 
5893 88°23 88°22 +0°01 4332 172°46 172°44 +0°02 
5805 91°11 91°09 +0°02 3952 212-46 212°46 +0 
5515 101-70 101°63 +0°07 3610 262°46 262°49 —0°03 
§225 114°34 114°16 +0°18 3358 312°46 312°45 +0°01 
4887 132-26 132-04 +0°22 3316 322-46 322-24 +0°22 
4882 132-27 132-33 —0°06 


The rotatory dispersion was simple throughout the range 4 6708—3316. 


The authors are grateful to Imperial Chemical Industries Ltd. for financial assistance. 
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249. Physiological Activity of Synthetic Ascorbic Acid. 
By W. N. Haworth, E. L. Hirst, and S. S. Zitva. 


A SPECIMEN of synthetic /-ascorbic acid obtained in the Birmingham laboratories was 
submitted to biological tests which have been carried out by one of us (S. S. Z.) at the 
Lister Institute, London. The synthetic method employed was the same as that published 
by Haworth, Hirst, and others (J., 1933, 1422) and modified (with enhancement of yield) as 
described in a subsequent paper for the case of /-arabo-ascorbic acid (this vol., p. 62). 
The specimen was analytically pure, m. p. 192°, [a]? + 23° in water (c, 1-6) (100 Mg. 


Natural ascorbic acid : Dose 0:25 mg. 
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=20 days—> <—20 days—> 
= Onset of scurvy. VSS = Very slight scurvy. 

C= Killed by chloroform. SS = Slight scurvy. 
N = Normal. S = Scurvy. 
required 11-4 c.c. N/10-aqueous iodine. Calc.: 11-4 c.c.). In slightly acidified aqueous 
solution the substance exhibited an intense absorption band at A 245 mu, e 10,000, for a 
solution containing 2 mg. per 100 c.c. (Found : C, 41-0; H,4-8. Calc. for C,H,O,: C, 40-9; 
H,4-6%). It was identical in all physical and chemical properties with the natural material 
supplied to us by Professor Szent-Gyérgyi and obtained by him from either adrenal cortex 
or paprica. It will be seen from the account below that the synthetic material has the 
same antiscorbutic activity-as the natural substance. 
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The synthetic product was examined for its antiscorbutic activity by the prophylactic 
method in 0-25 mg. and 0-5 mg. doses. The results were compared with those previously 
obtained with the natural acid. A number of samples of natural ascorbic acid of high purity 
have been tested in this laboratory (Lister Institute) during the last two years, and under the 
conditions observed, the degree of protection from scurvy obtained by the various doses was 
found to be reproducible. Guinea-pigs receiving the lower dose grow for about 19—23 days, 
and the weight is then usually maintained until the end of the test. In some cases the weight 
may fall a little after reaching the maximum and then remain ata lower level. This is usually the 
case with animals which show restricted growth during the first 3 weeks. Well-declared scorbutic 
symptoms appear about the time when the maximum weight is reached and persist during the 
entire period of the test. At the post moriem examination after the conclusion of the test, 
marked signs of scurvy are invariably found in this case. 

With the higher dose, fairly good growth is obtained during the entire period of the test. 
In some case symptoms of scurvy, which are mostly of an intermittent nature, appear about 
the 25th day. At the post mortem examination no, or very insignificant macroscopic, signs of 
scurvy are observed. 

In this test the ascorbic acid was weighed out and dissolved in previously boiled distilled 
water daily immediately before administration. The test began with three guinea-pigs on each 
dose, but one animal succumbed to an intercurrent disease after 33 days, showing very slight 
signs of scurvy at autopsy. The figures give a graphic representation of the results as well as 
of representative ones obtained with an analytically pure specimen of natural ascorbic acid, 
m. p. 192°, [a]? + 24° in water (c, 1-5) (1 mg. of this required 1-14 c.c. N/100-iodine). Animals 
on this product which showed the same vigour of growth during the initial stages of the test as 
that shown by guinea-pigs employed for the assessment of the activity of the synthetic product, 
were chosen for comparison. Both samples of ascorbic acid show the same degree of 
antiscorbutic potency. 


UNIVERSITY OF BIRMINGHAM, EDGBASTON. LIsTER INSTITUTE, LONDON, 
[Received, July 12th, 1934.] 





250. Physicochemical Studies of Complex Acids. Part XII. The 
Precipitation of the Normal and Complex Tungstates and Molybdates 
of the Alkaline Earths and of Silver. 


By H. T. S. Britron and WiitiaM L. GERMAN. 


In Parts V and VI (J., 1931, 709, 1429) we described the reactions between solutions of 
certain heavy-metal salts and complex alkali tungstates and molybdates. In no case 
was the individuality of either the paratungstate or the paramolybdate ions, or the so-called 
metatungstate or metamolybdate ions, established by their causing the corresponding 
heavy-metal salts to be precipitated. Actually, as Robinson and Sinclair (Part XI, this 
vol., p. 642) have shown, these polytungstate and polymolybdate ions exist in solution 
in a polymerised form. The electrometric curves in Parts I and III (J., 1930, 1249, 2154) 
reveal that, whatever the precise nature of the ions may be, the meta-salts correspond 
approximately with the complete neutralisation-of the portions of tungstic and molybdic 
acids which behave as strong acids, whereas the para-salts contain in addition relatively 
small proportions of weak-acid stages in the neutralised state. The following work was 
done to ascertain (i) to what extent the precipitation processes could be correlated with the 
abnormal ionisation of tungstic and molybdic acids, (ii) whether any evidence could be 
found for the existence of the various complex ions, for many authors state that the para- 
and meta-salts may be precipitated by the interaction of alkali para- and meta-salts and 
metallic salt solutions. 
EXPERIMENTAL. 


Action of Barium, Strontium, and Calcium Hydroxides on Aqueous Solutions of Tungstic 
Acid.—As tungstic oxide is insoluble in water, the tungstic acid solutions were prepared by 
adding 2 equivs. of hydrochloric acid to a solution of sodium tungstate. The lower curve in 
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the fig. represents the variation in specific conductivity at 25° during the addition of 0-132N- 
paryta solution to 75 c.c. of 0-045M-sodium tungstate to which 2-43 c.c. of 2-78N-hydrochloric 
acid had previously been added, whilst the upper curve illustrates the pq changes. This curve 
is based on electrometric measurements made with both the quinhydrone and the oxygen 
electrode at 18°. The readings of specific conductivity and pg were made at periods of 5 minutes 
after each addition of baryta with thorough stirring. Precipitation began almost immediately 
the baryta solution was added. 

As shown in Part I (loc. cit.), the addition of 2 equivs. of hydrochloric acid to a solution of 
sodium tungstate does not liberate tungstic acid, but forms sodium polytungstate approximating 
to Na,O,4WO,, and the remaining 0-5 equiv. of acid is left unattacked. The initial sections 
of the two curves in the fig. represent largely the neutralisation of this free hydrochloric acid, 
but a closer study of the observed conductivities indicates that some of the barium chloride, 
thereby formed, must have reacted with the sodium polytungstate to give a precipitate of barium 
polytungstate and so produced in the solution an equivalent concentration of the less conducting 
sodium chloride. This is borne out by the composition of the precipitate obtained with 8 c.c. 
(point A) of baryta, viz., BaO,5-67WO,,3-24H,O (BaO, 10-03; WOs, 86-15%). The inflexions 
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in the two curves mark the end of the neutralisation of the free hydrochloric acid. The continued 
addition of the baryta further decomposed the unprecipitated polytungstate with increasing 
precipitation until the final inflexions were produced when an excess of baryta was being added. 
At this stage, all the tungstic acid was precipitated, and the locations of the pg and conductivity 
inflexions show that the precipitates then contained BaO,1-11WO, and BaO,1-06WO, 
respectively. The course of precipitation was also followed by means of gravimetric analysis ; 
é.g., With 30 c.c. of baryta (point B) the precipitate was BaO,1-72WO,,1-52H,O (BaO, 26-38; 
WO,, 68-90%), and with 45 c.c. (point C) it was BaO,1-23WO,,1-05H,O (BaO, 33-55; W0O,, 
62-33%). 

Although precipitation ended with slightly less than the stoicheiometric amount of baryta, 
yet on standing in contact with an excess of baryta the precipitate changed from a flocculent 
to a microcrystalline form, and analysis showed it had become BaWQO,,H,O (cf. Péchard, 
Compt. rend., 1889, 108, 1167). On adding the baryta to a boiling tungstate solution, the 
liquid did not become alkaline to phenolphthalein (pq change indicated by broken line) until 
the amount required to form the normal tungstate had been added. 

The electrometric curves representing the attack of both strontia and lime water were 
similar to those in the fig. The first inflexions occurred when the added reactant bore to the 
tungstic acid the same ratio, viz., RO: 4WO,. At this stage in the strontium titration, the 
ba being 4-2, an amorphous precipitate appeared, but with calcium hydroxide precipitation 
was delayed until the ratio of CaO: WO, in the solution was 1: 1-9 and the pq was 6-77. 
Strontia was in all respects similar to baryta. At about pq 7 the amorphous precipitate reacts 
with the excess of strontia to form the normal crystalline strontium tungstate, but the reaction 
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is so slow that the inflexion corresponding to the end of the reaction is produced prematurely. 
Boiling in presence of excess of strontia readily converts the strontium polytungstate into the 
normal tungstate, SrWO,. With lime water, the calcium polytungstate is much more soluble, 
but, as the pg rises, it undergoes precipitation. The change into the normal tungstate is slow at 
ordinary temperatures but the crystalline precipitate of the normal tungstate, CaWQ,, may be 
produced by boiling with lime water. 

It is interesting to compare the solubility of the sulphates and chromates of barium, 
strontium, and calcium with that of their tungstates (or polytungstates) as exemplified by the 
py values at which the precipitations begin. 

Double-decomposition Reactions.—Quinhydrone-electrode titrations at 18° of 0-05M-barium 
chloride with either sodium tungstate or molybdate showed that the pg remained at about 7 
during precipitation. Small inflexions were produced when the stoicheiometric amounts 
of the reagents were added. On addition of excess of the alkali tungstate or molybdate, the 
fu gradually rose to about 8. The precipitate obtained on adding an excess of sodium 
tungstate was BaWO,,0-71H,O (BaO, 38-38; WO, 58-25%); whilst with sodium molybdate 
in excess it was BaMoO, (BaO, 51-40; MoO , 48-31%). Solutions of 0-05M-barium chloride 
were also titrated with the quinhydrone electrode with 0-05M-sodium paratungstate, para- 
molybdate, metatungstate, and metamolybdate. The para-salts, which corresponded with the 
formula Na,O,2-33X0O,, and the meta-salts with Na,O,4X0O,, were prepared by adding suitable 
quantities of hydrochloric acid to either sodium tungstate or sodium molybdate. 

On addition of sodium paratungstate to the barium chloride solution, the pg rapidly fell from 
7-0 to 4-65 when half the amount of reactant to form barium paratungstate had been added. 
It then gradually increased, being 5-09 with the stoicheiometrical amount, to a little over py 6 
when a large excess had been added. Such a fg value indicated that the solution must have 
then contained a polytungstate approximating in composition to that of the paratungstate. 
Precipitates given with 0-25, 0-67, and 1-5 times the theoretical amount of sodium paratungstate 
contained BaO, WO,, and H,0O in the following respective ratios: 1: 1-75: 5-40, 1 : 2-28 : 4-20, 
1 : 2:33: 5-36. The final precipitate thus corresponded with barium paratungstate. 

Treatment of barium chloride with sodium paramolybdate immediately brought about a 
rapid diminution in pg. With one-tenth of the theoretical amount it had fallen to 5-04, and 
with twice the theoretical amount it had only increased to 5-21. Although such a fg is approx- 
imately that of a solution of alkali paramolybdate, analysis showed the final precipitate to 
be BaO,1-93MoO,,0-21H,O. The additional molybdic acid required to form barium para- 
molybdate had remained in solution. 

The addition of sodium metatungstate to barium chloride again caused a diminution in 
fu to 3-15 when half the theoretical quantity was added. A gradual increase then began to 
fu 3-41, when the theoretical amount was added, but even with a large excess the pg never 
reached 4-0, the /g value of alkali metatungstate. At no stage of the reaction was barium 
metatungstate precipitated, as will be seen from the molecular ratios of the precipitates, viz., 
BaO : WO,: H,O = 1: 3-14: 6-80, 1: 3-23: 5-30, 1:3-33:5-80 formed on :dding 0-125, 
0-56, 1-27 mols. respectively of sodium metatungstate. » 

In a similar way, sodium metamolybdate does not yield barium metamolybdate, BaO,4Mo0O,, 
by metathesis. Addition of 0-05M-sodium molybdate to 0-05M-barium chloride results in an 
immediate increase in hydrogen-ion concentration. With equimolar proportions, the pg is 
2-75, whilst with 2 mols. of alkali metamolybdate it is 2-88. The pg of alkali metamolybdate 
solutions is approximately 4-0. It appears, therefore, that the barium precipitate must have 
contained less than 4 mols. of MoO, per mol. of BaO. The precipitate obtained with excess 
of sodium metamolybdate was BaO,2-40MoO,,4-12H,0. 

The Action of Alkali Tungstates and Molybdates on Silver Nitrate-——The precipitation of 
the silver salts.was studied by potentiometric titrations at 18° of 100 c.c. of 0-01.M-silver nitrate 
solutions with 0-045M-sodium salts. The following combination was used 

Ag|0-1M-AgNO,|Satd. KNO,|100 c.c. 0-01M-AgNO,|Ag + + c.c. of 0-045M-Na Salts 
The table records the E.M.F.’s observed when the volumes (col. 1) of either sodium tungstate 
or molybdate (col. 2), sodium paratungstate or paramolybdate (col. 6), or sodium metatungstate 
or metamolybdate (col. 8) had been added. The respective silver-ion concentrations (cols. 3, 
7, and 9) were calculated by means of the expression: E.M.F. = — 0-063—0-058log[Ag’} 
(see Britton, J., 1925, 127, 2956). On comparing the concentrations of silver ions in equilibrium 
with the precipitates formed in the titrations with the normal, para- and meta-tungstates and 
molybdates in the presence of equal concentrations of the precipitants, it is seen that they are 
least in the case of the normal salt, and greatest in that of the meta-salt titrations. The failure 
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of both the para- and meta-salts to bring about complete precipitation is also apparent from the 
high silver-ion concentrations when compared with that of the original silver nitrate solution. 


Silver electro-titration of 100 c.c. of 0-01M-AgNO, with (i) 0-045M-Na,WO,, (ii) 
0-:045M-Na,O,2-33W0O,, (iii) 0-045M-Na,0,4WOs3. 


(i) (ii) (iii) 








Cc ‘ \ | og ‘ 
Tungstate, E.M.F., [Ag’] [wo,”’} Lagiwo, £.M.F., [Ag*] E.M.F., [Ag*] 
C.c: mv. x 104. x 10°. x 101°, mv. x 104. mv. x 104. 
15 125 5°73 1-52 50 100 15°49 73 45°6 
20 134 401 3°33 54 109 10°81 77 38°6 
25 138 3°43 5°00 59 114 8°87 82 31°6 
30 144 2°71 6°54 4°8 
40 148 2°30 9°29 4°9 


Mean Lag,wo, = 5°2 x 1071. 


Silver electro-titration of 100 c.c. of 0-01M-AgNO, with (i) 0-045M-Na,MoO,, (ii) 
0:045M-Na,O,2-33M00,, (iii) 0-045M-Na,O,4MoO,. 


(i) (ii) (iii) 








i aT t a | ee 
Molyb- E.M.F.,  [Ag’] [MoO,”] Lagmoo, E.M.F., [Ag] E.M.F.,  [Ag’] 
date, c.c. mv. x 104. x 103. x 101, mv. x 104. mv. x 104. 
15 160 1°43 1°52 31 127 5°30 107 117 
20 170 0:96 3°33 31 135 3°86 112 96 
25 175 079 5°00 3°1 139 3°29 116 82 


Mean Lag.moo, = 3°1 x 107. 


Precipitation with sodium tungstate gave the normal anhydrous silver tungstate, Ag,WQ,, 
whereas the dry silver molybdate, obtained by precipitation with sodium molybdate, was so 
insoluble in acids that an analysis of the wet precipitate, which could be dissolved in nitric 
acid, was made. It contained Ag,O,1-02MoO, and was thus the normal silver molybdate. 
Col. 4 gives the concentrations of tungstate and molybdate ions in equilibrium with the 
respective precipitates (the ionisation of the alkali salts in excess being assumed complete), 
and col. 5 gives the values of the two solubility products [Ag*]*[XO,"]. Considering the 
sluggish tendency of the silver electrode to reach equilibrium in alkaline solutions, the agreement 
is satisfactory. It is interesting to compare the above solubility products with that of silver 
chromate, viz., 1 x 10", whence it is observed that the solubility increases in the order 
chromate < molybdate < tungstate, and is thus in harmony with the sequence of the three 
metals in the periodic classification. 

The precipitate obtained with excess of (a) sodium paratungstate was Ag,O, 1-87WO,,1-31H,O ; 
(6) sodium metatungstate was Ag,O,2-07WO,,0-93H,O; (c) sodium paramolybdate was 
Ag,O,1-40Mo0O,,#H,O; (d) sodium metamolybdate was Ag,O,2-26MoO,;,4H,O. In every 
instance the silver precipitate contained less acidic oxide than was present in the precipitant 
actually employed. 

CONCLUSION. 


The foregoing work shows that the normal tungstates and molybdates, particularly 
those of silver, are more insoluble than the precipitates which contain larger amounts of 
either tungstic or molybdic acid. Excepting the single instance of the precipitate formed 
by the addition of excess of sodium paratungstate to barium chloride, no tungstate or 
molybdate precipitate was obtained which contained the metallic base and the acidic 
oxide in the proportions required for either the para- or the meta-salts. Evenin the instance 
cited, in which the composition of the precipitate corresponded with that of barium 
paratungstate, the precipitates formed when the precipitant was not in excess contained 
somewhat smaller amounts of tungstic oxide. Unlike the precipitation of the normal 
tungstates and molybdates, the precipitates obtained with alkali para- and meta-salts 
vary in composition with the amount of precipitant employed. Despite the fact that 
alkali para- and meta-tungstates and molybdates may be prepared in crystalline form, 
these precipitation reactions, in common with the previous work described in Parts I, 
III, V, and VI, provide no evidence of the individuality of the complex para- and meta- 
lons as such. It seems that in the dilute solutions here studied, the stability of sodium 
meta-tungstate and -molybdate, which are in effect salts of strong acids, may be responsible 
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for the resulting precipitates being appreciably soluble. During reaction with both the 
para- and the meta-salts there is a definite tendency for some of the tungstic or molybdic 
acid to escape precipitation and, at the same time, for the alkali polytungstate or poly- 
molybdate in the solution to become enriched in its corresponding acidic oxide. In the 
process, appreciably large acidic micelles are formed in solution. It is probable that they 
ionise slightly to give some normal tungstate or molybdate ions, and in consequence cause 
the normal salt to be precipitated in the first place. Such precipitation then brings about 
the partial disruption of the micellar anions, resulting in the co-precipitation of some acidic 
oxide with the normal salts. 


Grateful acknowledgment is made to the Department of Scientific and Industrial Research 
for a grant (to W. L. G.). 
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251. Addition Compounds of the Carbohydrates. Part I. Potassium 
Hydroxide—Glucose and Related Compounds. 


By Epmunp G. V. PERCIVAL. 


THE fact that sugars and polysaccharides appear to form compounds with the hydroxides 
of the alkali and alkaline-earth metals has been known for many years, but the precise 
nature of such compounds is still in doubt, research having been directed rather to the 
elucidation of stoicheiometric relationships between the organic and inorganic constituents 
than to the problems of structure. 

Several workers have attacked the problem from a physicochemical standpoint, regard- 
ing the sugars as weak acids. Madsen (Z. physikal. Chem., 1901, 86, 290) calculated the 
heat of neutralisation of glucose and sodium hydroxide to be 5340 cals. from determinations 
of the rate of hydrolysis of ethyl acetate by sodium hydroxide in the presence of glucose, 
assumed to be a weak monobasic acid. Hirsch and Schlags (Z. physikal. Chem., A, 1929, 
141, 387), however, from conductivity measurements, conclude that glucose behaves as 
a feeble dibasic acid, K, = 7-82 x 10°, K, = 1-54 x 10 at 25°. 

That compounds appear to be formed between glucose and alkali even in aqueous 
solution was pointed out by Groot (Biochem. Z., 1924, 146, 72; 1927, 180, 340), who ob- 
served that the maximum depression of the specific rotation of a glucose solution in the 
presence of potassium or sodium hydroxide occurred when the constituents were present 
in approximately molecular proportion. From measurements of the rate of decline of 
rotation at different concentrations, he concluded that the dissociation constant of glucose 
as an acid was K = 8-6 x 10° at 25°, the decline of rotation being accounted for by the 
initial formation of an unstable compound C,H,,0,K, followed by Lobry de Bruyn—van 
Eckenstein transformations; but the possibility of the formation of other sugars during 
these transformations lessens the force of the argument. The cause of the apparent 
acidity and the point at which it arises in the molecule cannot be decided by experiments 
along these lines, although Michaelis and Rona (Biochem. Z., 1913, 49, 232), on the basis 
of potentiometric measurements of hydrogen-ion concentrations of solutions of alkali 
hydroxides and sugars, suggest the possibility that the acidity is due to the presence of 
enolic forms ~CH(OH):C(OH)-. This, however, is open to the objection that such an 
explanation could only apply to the reducing sugars, and the many compounds which 
sucrose forms with alkali and alkaline-earth hydroxides cannot therefore be explained on 
this basis. Such physicochemical results simply serve to show that the sugars examined 
remove alkali or hydroxyl ions from the solution. 

It was decided therefore to institute investigations with the object of deciding at which 
points in the molecule the inorganic constituents are attached, and the nature of the 
linkages involved. The isolation of about 80 authenticated compounds from various 
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carbohydrates and alkalis which appear to contain the metallic hydroxide (or oxide) and 
sugar in stoicheiometric proportion (see, ¢.g., Mackenzie and Quin, J., 1929, 951), seems to 
preclude the possibility that the phenomenon is due to adsorption or to a fortuitous pre- 
cipitation of the metallic constituent along with the sugar residue. In particular, when 
both the reacting hydroxide and the sugar are soluble in the reaction medium, simple 
mixing affording a precipitate of the compound, it would seem to be clearly a case of chemical 
reaction. 

It remains to decide therefore whether the “‘ saccharates ”’ are substitution compounds 
comparable with sodium ethoxide, or co-ordination compounds in which the inorganic 
residues are attached to the hydroxyl groups of the sugar molecule by covalent links. 
For this purpose potassium glucosate was selected for a preliminary examination. 

It was assumed by Marchlewski (Ber., 1893, 26, 2928) that the alkali metal was attached 
to the reducing group, but this was based on negative and unsatisfactory evidence, v7z., 
his failure to isolate glucosephenylosazone from phenylhydrazine and potassium glucosate. 
Marchlewski did not describe his experiments in detail, but it may be pointed out that 
pure phenylhydrazine and pure glucose do not yield the osazone under normal conditions, 
acidification with acetic acid being necessary. 

Hénig and Rosenfeld (Ber., 1877, 10, 871) claimed to have isolated the compound 
C,H,,0,Na from glucose and sodium ethoxide in alcoholic solution. Zemplén and Kunz 
(Ber., 1923, 56, 1705) reopened the question and pointed out that attempts to use the 
compound in synthetic experiments, notably by Skraup and Kremann (Monaish., 1901, 
22, 1040), had failed. The existence of an alcoholate structure was therefore considered 
to be doubtful, and Zemplén showed that an addition compound between glucose and 
sodium ethoxide, C,H,.0,,NaOC,H,, appeared to be formed, the presence of the ethoxide 
residue being established by a qualitative test. 

This work has now been repeated and compounds of the type CgH,.0,,NaOR have been 
isolated from glucose in absolute-alcoholic solution. If a trace of water was present, 
however, the compounds isolated contained no combined alcohol, which may explain the 
results of the earlier workers. From potassium hydroxide and glucose, the compound 
C,H,,0,,KOH may readily be isolated, which is probably similarly constituted to the 
sodium alkoxide compounds. By analogy, therefore, it appears that potassium glucosate 
is an addition compound of potassium hydroxide and glucose, and this is supported by 
the analytical results. No evidence can be secured for the existence of any other com- 
pound in the range of concentrations studied. It has been found possible, however, to 
indicate the probable position of the addendum. By a single treatment of potassium 
glucosate with pure methyl sulphate under mild conditions, apart from unchanged glucose, 
crystalline tetra-acetyl 6-methylglucoside may be obtained, together with a syrup which 
is evidently a mixture of this with the a-isomeride. All the methoxy] is glucosidic, there 
being no evidence of any further substitution of the glucose molecule by methyl groups. 

Hence, one is entitled to assume that the reducing group is involved in the combination 
between sugar and alkali, as might have been expected from general considerations. If 
the alcoholate formula, C,H,,0,K, were the true one, a more complete conversion into 
the methylglucosides would have been expected, but the isolation of so much unchanged 
glucose lends support to the theory that the attachment between glucose and alkali is 
relatively weak, and is probably to be ascribed to co-ordination. 

The fact that «- and 6-methylglucosides form no addition compounds with potassium 
hydroxide, or that the glucosides examined by Mackenzie and Quin (Joc. cit.) form no 
derivatives with the alkaline-earth hydroxides, renders it difficult to imagine that the oxygen 
atom of the reducing group can act as a 
donor of electrons to the metal atom con- (H,0H 
cerned. If, however, we suppose that the CH 0 K’ 
hydrogen ore: of 0 group acts as an OH-CH OP ang <— OH’ 
acceptor of electrons from the oxygen atom 
of the alkali hydroxide or alkoxide, the \cH(OH) when 
known facts are explained (see inset). This is in agreement with the well-known fact 
that alkaline hydroxides appear to form very stable monohydrates, which is attributed 
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to hydration of the negatively charged hydroxyl ion HOH <— OH’, the ion acting as a 
powerful donor of electrons (Sidgwick, “‘ Electronic Theory of Valency,” Oxford, 1927). 
The suggestion is therefore made that the compounds under review are of this general 
type. 

The reducing disaccharide cellobiose (glucose-$-glucoside) forms an addition compound 
Cy9H90,,,KOH in which it is clear that the reducing group is involved, since crystalline 
6-methylcellobioside hepta-acetate may be isolated by suitable treatment with methyl 
sulphate. The situation is complicated by the fact that cellobiose appears to form in 
addition C,,H,.0,,,2KOH, which implies that at least two positions in the molecule are 
available for the attachment of potassium hydroxide residues. This has been confirmed 
by the isolation of a monomethyl methylcellobioside, the structure of which is being 
investigated to determine the position of the second methyl group. 

Even more complex is the case of maltose, which would appear to form a tri- as well as 
mono- and di-potassium hydroxide derivatives; and a dimethyl methylmaltoside has 
been isolated confirming this view. 

It is not thought probable that during the treatment with methyl sulphate the alkali 
residue would migrate to a new position in the sugar group, thus causing the introduction 
of the methy] residue in a position different from that originally concerned. The possibility 
has, however, been kept in mind, and minimised as far as possible by the avoidance of the 
presence of water during methylation. It may be pointed out, however, that even if water 
or other ionising solvents were present, the method would still be expected to indicate 
those hydroxyl groups of maximal acidity in the sugar molecules examined, because, 
whether they are closely bound to alkali or not, it is not likely that the centres of acidity 
will change during the operation. 

In the case of disaccharides, therefore, hydroxyl groups other than the reducing group 
appear to unite with potassium hydroxide. This is to be expected because of the formation 
of the important and apparently well-marked series of saccharates from sucrose and 
alkali and alkaline-earth hydroxides. The structure of these more complex addition 
compounds is being studied in detail. 


EXPERIMENTAL. 


Typical Preparations of Potassium Hydvroxide—Glucose.—(1) From penta-acetyl glucose. 
8-Penta-acetyl glucose (5 g.) was moistened with absolute alcohol (10 c.c.), and a solution of 
potassium hydroxide (6 g.) in alcohol (60 c.c.) added; after an hour the insoluble product was 
filtered off, washed first with alcohol and finally with ether, and dried in a vacuum over phos- 
phoric oxide [Found : KOH, by titration with N/10-H,SO, to phenolphthalein, 23-6; C,H ,0,, 
by treatment with alkaline hypoiodite (Bergmann and Machemer, Ber., 1930, 68, 316), 75:1. 
C,H,,0,,KOH requires KOH, 23-7; C,H,,0,, 76-3%]. 

(2) From glucose. d-Glucose (10 g.) dissolved in water (10 c.c.) was mixed with alcohol 
(150 c.c.), and alcoholic potassium hydroxide (50 c.c., 8%) added, and the precipitated deriv- 
ative was treated as in (1) (Found, by foregoing methods : KOH, 24-0; glucose, 75-2%). 

Sodium Ethoxide—Glucose.—Ethy] alcohol was dried by distillation over quick-lime and twice 
over sodium. Glucose (1 g.), dried over phosphoric oxide, was dissolved in dry alcohol (100 
c.c.), and a solution of sodium ethoxide in alcohol (0-4 g. Na in 10 c.c.) added. The precipitate 
was rapidly collected in a funnel protected from moisture and carbon dioxide by means of a 
soda-lime tube, washed with alcohol, and dried, at first at room temperature over phosphoric 
oxide in a vacuum and then for 24 hours at 60° under the same conditions [Found: NaOEt 
(titration), 27-8; -.OEt (Zeisel), 16-0; C,H,,O, (Bertrand), 66-9. C,H,,0,,NaOC,H, requjres 
NaOEt, 27-4; OEt, 18-1; CgH,,0,4, 726%]. A similar preparation made from penta-acetyl 
glucose had similar properties. 

Sodium Methoxide—Glucose.—This was prepared from penta-acety] glucose (5 g.) in admixture 
with sodium methoxide in methyl alcohol (2 g. Na in 25 c.c.). The precipitate was washed 
with methyl alcohol, in which it was slightly soluble, and finally with dry ether, and dried as 
for the ethoxide [Found : NaOMe (titration), 22-7; C,H,,0, (hypoiodite), 77-4; OMe (Zeisel), 
13-0. C,gH,,0,,NaOCH, requires NaOMe, 23-1; OMe, 13-2; CgH,,0,, 76-9%]. 

The Formation of Potassium Hydroxide—Glucose under Different Conditions.—A rough esti- 
mate of the amount of potassium hydroxide taken up by the glucose molecule can be obtained 
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by treating a known volume of alcoholic potassium hydroxide of known strength with a known 
volume of a glucose solution in 80% alcohol. By filtration through a Gooch crucible a solution 
can be obtained, titration of which indicates how much alkali has been withdrawn by the sugar. 
It is necessary to assume that no significant volume changes have taken place and also that the 
addition compound is not appreciably soluble in this equilibrium solution. The solid in the 
crucible is drained and washed once with alcohol to remove adhering liquid; solution in 
water and titration with standard acid then gives a direct estimate (method 2) of the combined 
alkali, which, however, is probably less accurate than the value obtained by the indirect method 
(method 1). Typical results are as follows : 


Total concn. of glucose, % ' 1:78 
Conen. of KOH, N{ 7Hitial oe 
KOH combined, % senten : + 
Since 100 g. of glucose require 31-1 g. of potassium hydroxide to form a 1 : 1 compound, it would 
appear that such a compound is formed within the range studied. 

Formation of More Complex Compounds from Cellobiose and Maltose.—The results with these 
sugars are tabulated below. For a compound of the type C,,H,,0,,;,KOH, 100 g. of the disac- 
charide require 16-4 g. of potassium hydroxide. Evidently in these cases this simple compound 
may be formed only in dilute solution, but it is possible that small quantities of the more complex 
derivatives are produced at the same time. In the case of cellobiose the composition approxi- 
mates to C,,H,,0,,,2KOH, and for maltose in the more concentrated alkaline solutions 
C,.H,20,,,3KOH appears to exist. The variations between the results of the two methods are 
due to the decomposition, by washing with alcohol, of the higher addition compounds, and 
illustrate the instability of these more complex derivatives. 


Cellobiose. Maltose. 








Total concn. of sugar, % 0: 1-49 1-9 13 16 2:1. 

065 O15 0-075 0-4 0-15 

Concn. of KOH, N { Final 0:58  0°080 0-02 031 2 080 0-043 
: /f Method (1)... 329 260 214 17-1 36-2 445 45:6 28:5 
KOH combined, %{ » (2) .. 20 195 214 160 360 368 37:0 251 


0-9 
1-0 
0°9 


Potassium Hydroxide—Glucose and Methyl Sulphate-—The dry compound (13 g.) was stirred 
with dry, neutral methyl sulphate (120 c.c.) for 5 minutes at 45° and for 5 minutes at 70°, the 
liquid was then removed, the product washed with acetone, and dissolved in hot methyl alcohol 
(100 c.c.). On cooling, crystals of potassium methyl sulphate separated which were filtered 
off, and a solution of potassium hydroxide (3 g.) in alcohol (20 c.c.) was added, followed by 
ether (700 c.c.). By this means most of the potassium glucosate so produced was recovered 
(9-5 g.), whilst there remained in solution that portion of the starting material which had under- 
gone reaction with the methyl sulphate. 

Isolation of tetra-acetyl B-methylglucoside. After acidification with acetic acid and removal 
of the solvent, the syrup was acetylated by treatment for 2 hours with acetic anhydride (30 c.c.) 
and anhydrous sodium acetate (5 g.). The mixture was poured into water, the solution neu- 
tralised with sodium bicarbonate, and extracted with chloroform. Removal of the solvent 
(diminished pressure) after drying with sodium sulphate yielded a syrup which, on treatment 
with alcohol, partly crystallised in the prisms characteristic of tetra-acetyl B-methylglucoside 
(0-9 g.); this was non-reducing, had m. p. 102° (not depressed on admixture with an authentic 
specimen prepared from acetobromoglucose), and [«]}” = — 20° in chloroform (c, 2-5) (Found : 
OMe, 8-5; CH,°CO, 47-0. Calc. for Cy;H_2049: OMe, 8-6; CH,°CO, 47-5%). 

The non-reducing syrupy residue from which this crystalline derivative had been extracted 
weighed 3-0 g.; [a]? = + 20° in chloroform (c, 1) (Found: OMe, 8-6; CH,°CO, 46-9%). It 
was assumed therefore to consist of a mixture of a- and 6-methylglucoside tetra-acetates, but 
a further investigation was carried out to see if any substitution whatever had occurred in other 
parts of the glucose molecule. 

Examination of the syrupy glucoside. Deacetylation was carried out with sodium methoxide 
(Zemplén, /oc. cit.), and the resulting aqueous solution was hydrolysed by dilute sulphuric acid 
(6%) at 90° for 7 hours. After neutralisation by means of barium carbonate, the solution was 
evaporated under diminished pressure, yielding a syrup which was insoluble in absolute alcohol 
(cf. glucose). To the solution in 80% alcohol, excess of alcoholic potassium hydroxide was 

4H 
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added, and the thick precipitate of potassium hydroxide-glucose was collected and dried (1-5 g. 
Calc., 1-9 g.). The residual solution was acidified with acetic acid and treated with phenyl- 
hydrazine (0-5 g.) at 90° for 30 minutes. On cooling, phenylglucosazone separated (0-1 g.); 
recrystallised from aqueous alcohol it had m. p. 204°, and contained no methoxyl residue 
(Zeisel). It followed therefore that the original syrup was only substituted by methoxyl in 
the reducing group, the formation of the osazone being due to the slight solubility of potassium 
hydroxide-glucose. No evidence could be obtained of the formation of addition compounds 
between potassium hydroxide and a- and $-methylglucosides. 

Potassium Hydroxide—Cellobiose.—Cellobiose octa-acetate, prepared by the method of 
Haworth and Hirst (J., 1921, 119, 193), was deacetylated after Zemplén (loc. cit.) to yield the 
free sugar, of which 2 g. were dissolved in 80% ethyl alcohol (50 c.c.), alcoholic potassium 
hydroxide (100 c.c., 0-08N) being added. The product was washed rapidly with alcohol (20 c.c.) 
and dried in the usual way [Found : KOH (titration), 13-8; C,,H,,0,, (iodine), 86-0. Calc. 
for C,,H,.O,,,KOH: KOH, 14-1; C,,H,,0,,, 85-9%]. The white powder was similar in 
properties to the glucose derivative. 

Reaction with Methyl Sulphate-—The dry product (2 g.) was stirred with dry, neutral methy] 
sulphate for 8 minutes at 60°. Coagulation ensued, the reagent was removed, the product 
washed with acetone, and dissolved in hot methyl alcohol (40 c.c.). On cooling, the precipitated 
potassium methyl sulphate was removed, and unchanged cellobiose was precipitated by the 
addition of potassium hydroxide (0-5 g.) in alcohol (10 c.c.). The recovered product weighed 
0-9 g. After acidification with acetic acid, the solvent was removed (diminished pressure) 
and the syrup subjected to acetylation by acetic anhydride (10 c.c.) and sodium acetate (1 g.) 
at 100° for 30 minutes. 

Isolation of Hepta-acetyl B-Methylcellobioside.—The acetylation mixture was poured into water, 
and the solution neutralised with sodium bicarbonate before extraction with chloroform. 
Removal of the solvent after drying over sodium sulphate yielded a faintly reducing syrup 
(1-4 g.) which crystallised on treatment with alcohol giving hepta-acetyl 6-methylcellobioside 
(0-7 g.); m. p. 178°, [a]}’ = — 23-0° in chloroform (c, 1-6) (Found: C, 50-0; H, 6-0; OMe, 
4-7. Calc. for C,,H;,0,,: C, 49-9; H, 5-9; OMe, 4:9%). The residual syrup showed [a]j* 
= — 1°inchloroform (c, 1-1) (Found: OMe, 5-4; CH,°CO, 45-9. Calc. for C,,H;,0,, : CH,°CO, 
46-3%). It would appear therefore to consist of a mixture of «- and 6-glycosides. 

The use of dilute alcoholic potassium hydroxide appears, then, to favour the production 
of a compound of the type C,,H,,0,,,KOH in which the reducing group and the hydroxide are 
intimately connected. 

When, however, preparations using more concentrated alkali (see table, p. 1163) are treated 
with methyl sulphate, more complex methylated derivatives may be isolated, in particular a 
monomethyl methylcellobioside, the structure of which is being investigated. Even more 
interesting is the case of maltose which can be made to afford methylmaltosides, monomethyl 
methylmaltosides, and dimethyl methylmaltosides, as might be expected from a consideration 
of the table on p. 1163. 
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252. The Heat of Wetting of Charcoals of Graded Activity, in Relation 
to Adsorptive Capacity and Retentivity. 


By SypNEY H. BELL and James C. PHILIP. 


EARLIER studies in this laboratory of the effects of controlled air-oxidation of wood and 
sugar charcoals (Philip, Dunhill, Workman, J., 1920, 117, 362; Philip and Jarman, 
J. Physical Chem., 1924, 28, 346; Page, J., 1927, 1484) have demonstrated the extent 
to which the progress of oxidation of a stock material is accompanied by decrease of bulk 
density and increase of adsorptive capacity. In the present investigation the heat of 
wetting of Such charcoals of graded activity has been correlated with their adsorptive 
capacity and retentivity for vapour. 

Various workers have already studied the heat of wetting of charcoal (e.g., Herbst, 
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Kolloid-Z., 1926, 88, 314; Andress and Berl, Z. physikal. Chem., 1926, 122, 81; Burstin 
and Winkler, Brennstoff-Chem., 1929, 10, 121) and Macy (J. Physical Chem., 1931, 35, 
1397) finds that the heat of wetting of a charcoal by benzene is a measure, not so much 
of the adsorptive power of the charcoal for benzene vapour, as of its capacity for firmly-held 
vapour—the so-called “‘ retentivity.”” The latter term is admittedly not capable of exact 
definition, but expresses the fact that when a charcoal has taken up a vapour to capacity 
according to the pressure conditions, a certain proportion of this adsorbed vapour can then 
be removed with extreme ease in a current of air, while the remainder is retained very 
firmly. In the present work, for practical purposes, the passage of air at room temperature 
over the fully charged charcoal was continued until there was no appreciable loss of weight 
in a half-hour period. A minimum of 4 hours’ treatment was usually necessary to reach 
this condition. The retentivity—taken as the weight of vapour so retained by 1 g. of 
vapour-free charcoal—was usually 80—90% of the corresponding adsorbed vapour. 


EXPERIMENTAL. 


Preparation and Activation of Charcoals—Three stock charcoals were used in the work, 
one birch-wood and two sugar charcoals, referred toas Aand B. The stock birch-wood charcoal 
was prepared from }” cubes, and thorough mixing of the product was effected in the manner 
described by Page (oc. cit.). 

Sugar charcoal A was prepared by carbonising about 6 lbs. of pure cane-sugar in small 
quantities in a platinum basin at a dull red heat until the evolution of fumes ceased. The 
product was ground and sieved to give particles below 100 to the inch. Sugar charcoal B was 
obtained by carbonising in all about 10 lbs. of pure cane-sugar in an electrically heated 3” silica 
tube at 800° until fumes were no longer evolved. The product was ground, mixed, and sieved 
to give three grades of stock material, viz., (a) 20—100, (b) 100—200, (c) >200 to the inch. 

The activation was in all cases carried out by Page’s method (/oc. cit.), air from a cylinder 
of the compressed gas being passed, generally at the rate of 0-7 1. per hour, over the charcoal 
(about 10 g. in each batch) kept at a definite temperature, 700°, 800°, or 900°. The maximum 
times of activation were 9 hours for the birch-wood charcoal, 8 hours for sugar charcoal A, and 
24 hours for B. A charcoal described below as “‘ blank ”’ refers, not to the stock material, but 
to a portion of this which had been heated, under activating conditions, to the activation 
temperature and then cooled at once. The extent to which the stock material is activated by 
this initial heat treatment varies notably with the time taken (see p. 1167), and the procedure 
normally adopted in all the activations was to start with the maximum current through the 
furnace and so secure rapid heating to the desired temperature. 

Measurement of the Heat of Wetting —Two calorimeters were used for this purpose, one being 
very similar to that described by Andress and Berl (/oc. cit.), and depending on the expansion 
of the calorimeter liquid (alcohol) produced by the addition of a small quantity of heat. The 
calorimeter was a cylindrical Dewar vessel, immersed in a thermostat at 20°. The expansions 
were measured on a fine capillary tube, and in order to convert these readings into heat quantities, 
a calibration based on the known heat of neutralisation of hydrochloric acid by sodium hydroxide 
was carried out. The dimensions of the apparatus were such that a rise of 1 cm. in the capillary 
tube was the equivalent of 4-32—4-33 cals. liberated in the reaction vessel. The actual rise 
observed in any particular experiment on the heat of wetting varied from 1 cm. to 9 cms., 
according to the liquid used and the degree of activation of the charcoal, and the magnitude of 
the rise recorded in a given case was as a rule reproducible to within 0-3 cm. In measuring 
the heat of wetting, about 1 g. of charcoal was weighed into the reaction tube, which was fitted 
with a small stirrer, and at an appropriate moment 10 c.c. of the wetting liquid, previously 
kept in the thermostat for some time, were poured down the stem of the stirrer. In order to 
diminish any uncertainties involved in this manipulation, blank experiments without charcoal 
were made, and all precautions usual in calorimetric work were observed. 

The second calorimeter was also a Dewar vessel, but the wetting was carried out in the vessel 
itself, the heat effect being derived from the rise of temperature observed on a Beckmann 
thermometer. The calorimeter was set up in a thermostat at 20°, and the heat of neutralisation 
was taken as the basis for the calibration of the apparatus. In experiments on the heat of 
wetting, 20 c.c. of the liquid were put in the calorimeter and, after steady temperature conditions. 
had been attained, about 1 g. of charcoal, previously brought to the bath temperature, was: 
added through a wide funnel tube. Readings of the thermometer were taken every half minute: 
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with occasional gentle stirring, and the corrected rise of temperature was obtained in the usual 
way from a temperature-time curve. The heat content of the calorimeter system was such 
that with 20 c.c. of benzene as the wetting liquid, 1° rise was the equivalent of 12-66 cals. 
liberated. 

The results obtained with this second calorimeter were somewhat less accurate than those 
given by the first apparatus, but they were fully adequate for the purposes of the work. More- 
over, they were obtained much more rapidly. 

Measurement of Adsorptive Capacity and Retentivity.—For studying the power of the different 
charcoals to adsorb vapour, it was proposed to use desiccators, with the volatile liquid below 
and the charcoal samples in the upper part. It was thought desirable to ascertain whether the 
maximum amount of vapour adsorbed under these conditions (air present) was the same as 
that taken up by the same charcoal in the absence of air. Accordingly, two experiments 
were carried out with the apparatus shown in Fig. 1. 

The system was divided into two parts by the glass septum A. About 1 g. of charcoal, 
contained in F, was introduced into the tube C, which was then sealed off at Y. After evacuation, 
the left half of the system was sealed off at X. 

The graduated capillary tube D was of such a bore as to hold slightly more than sufficient 
benzene for adsorption on the charcoal. After introduction of benzene into the reservoir B, 

of about 10 c.c. capacity, the upper tube 
Fic. 1. was sealed off at W. The part of the 
system to the right of A was then 
evacuated, and under the evacuation the 
benzene solidified. Alternate heating and 
cooling of this part of the system, while 
connexion with the pump was maintained, 
secured the removal of traces ofair. After 
the benzene had been cooled in liquid air, 
the tube to the pump was sealed at Z. 
On warming B and cooling D, benzene 
was distilled into the capillary up to the 
zero mark on the scale, and the connecting 
tube was then sealed off at V. 

When the septum A was now broken by the glass-rod plunger E, there was a very rapid 
adsorption by the charcoal used in the experiments—a 16-hour air-activated (800°) sugar 
charcoal. Frequent readings were taken on the capillary D, and it was observed that the 
adsorption was practically complete in 2—3 hours. The weight of benzene adsorbed per g. 
of charcoal was found in this way to be 0-211 g. When the experiment was repeated without 
first removing the air from the left part of the system, the amount of benzene finally held per g. 
of charcoal was substantially the same as before, but the equilibrium was not attained until 
after the lapse of 4—5 weeks. With the desiccator method and with the same charcoal, an 
adsorption value of 0-199 g. per g. of charcoal was obtained in about 30 hours, and in view of 
these results it was decided to adopt a 48-hour desiccator treatment of the charcoals as giving 
a satisfactory measure of their adsorption capacity. 

For the determination of retentivity, the charcoals which had been exposed to benzene 
vapour for 48 hours in desiccators, as already described, were placed in U-tubes. Through these 
a slow stream of air was drawn at room temperature, and this was continued, as stated above, 
until constancy of weight over half-hour periods was obtained. 

















Results. 


Heat of Wetting and Duration of the Activation.—Reference has been made to the decrease 
of bulk density and the increase of adsorptive capacity which, as shown in previous investigations, 
go pari passu with increasing duration of the air-oxidation treatment. Measurements of the 
heat of wetting of charcoals activated for different periods show quite definitely that the 
progressive change in the charcoals brought about by this treatment is marked also by a steady 
rise in the heat of wetting. This may be illustrated by the following figures (Table I) for 
methyl and ethyl alcohols and benzene as wetting liquids, the adsorbent in each case being 
birch-wood charcoal activated at 800° for different periods. 

Although the increase of the heat of wetting is very definite in the cases of methyl and ethyl 
alcohols, the rise is still more rapid with benzene, The heat of wetting of birch-wood charcoals 
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TABLE I. 


Heat of wetting (cals. /g.). Heat of wetting (cals. /g.). 
r — Activation, - ~ 
MeOH. EtOH. C,H. hrs. MeOH. EtOH. CoH. 


“ Blank ”’ 113 14°75 6-9 5 _ 18-3 22-0 

1 _— — 10°9 6 16°8 — 22-4 

2 — 17-3 16°1 7 — 19°9 — 

+ 16-2 — 19°4 9 17°5 21:3 = 
activated at 900° exhibits a similar steep rise; indeed, one specimen activated for 6 hours at 
900° gave a heat of wetting with benzene of no less than 38 cals. per g. 

In the case also of both sugar charcoals a general increase of the heat of wetting with the 
time of activation was observed, and the increase is more regular than with the birch-wood 
charcoal. The values of the heat of wetting were found to be greater for sugar charcoal A 
than for B, but in both cases they were lower than the values obtained with the birch-wood 
charcoal for a given time of activation. Some of the figures obtained for the heat of wetting 
of sugar charcoal B with benzene are given in Table II. . 
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Heat of Wetting in Relation to Adsorption and Retentivity—According to Macy (loc. cit.), 
the heat of wetting is a measure, not so much of the adsorption, as of the retentivity. The 
measurements made in the present investigation, so far as they concerned the birch-wood 
charcoal and sugar charcoal A, were not decisive in favour of that view, for the relationship 
between heat of wetting and adsorption on the one hand and retentivity on the other was 
parallel and roughly linear in both cases. It was realised, however, that the maximum time of 
activation for both these charcoals was 8—9 hours, and it was in order to cover a wider range 
of activated material that sugar charcoal B was prepared. 

The results obtained with benzene in this series of charcoals (particle size 100—200 to the 
inch) are set out in Table II; the corresponding graphical representation is found in Fig. 2, 


TABLE II. 
Sugar charcoal B. Temperature of activation 800°. 


Activation, hres ..ic.cissces..csvessssee ** Blank ”’ 3 7 8 14 24 
Heat of wetting 2°3 25 . 10°1 12°6 21°3 25°6 
Adsorption, g. per g. charcoal 0-081 0-088 0-152 0-164 0-218 0°289 
Retentivity, g. per g. charcoal 0071 0-080 — 0-142 0°183 0°227 


which, however, also includes data obtained with different particle sizes at 800°, and some for 


material activated at 900°. 
An inspection of Fig. 2 shows that for the middle range of activation the heat of wetting is 
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approximately proportional both to the adsorption and to the retentivity. The highly activated 
charcoals, however, exhibit a different behaviour in that for them the heat of wetting is much 
more a measure of the retentivity than of the adsorption. This result is to some extent a 
confirmation of Macy’s view. 

Peculiarities of the Early Stages of Activation Previous work by Thrasher (unpublished) 
and the observations made in the course of the present work revealed some peculiar features 
of incipient activation. These are indicated, for example, by comparing the adsorption values 
(benzene) obtained with “ blank”’ and “ 13-hour” sugar charcoals. The ‘“ blanks’ were 
prepared by heating samples of the stock material as quickly as possible up to the chosen 
temperature and then cooling them rapidly. The charcoal particles were in each case between 
20 and 100totheinch. The results were as follows : 

Temp. of activation 700° 800° 900° 1000° 


“ ; 0-067 0-046 0-030 0-020 
Adsorption value 0-097 0-097 0-115 0-133 0-134 


The decrease of the ‘‘ blank”’ value is very striking. 

It was further observed that in a series of “‘ blanks ’’ prepared at a given temperature (800°) 
from the stock sugar charcoal B the benzene-adsorption value fell off as the rate of raising 
the temperature diminished; i.e.,a slow heating does not have the effect of a long activation : 
on the contrary, the highest “‘ blank ”’ value is obtained with a maximum temperature-time 
gradient. 

In view of these observations, attention was concentrated on the short-period activation 
of sugar charcoal B, the stock of which, as already stated, had been obtained by carbonisation 
in a wide silica tube at 800°. The size of the particles used in these short-period activations 
was between 100 and 200 to the inch. The results are shown below : 


Activation period, hrs. .............+ “Blank”? 0°5 15 2-0 2°5 3°0 
Benzene-adsorption value 0-081 0:041 0-047 0-047 0-050 0-088 


The figures show that there is a definite decrease in activity as a result of the first half-hour’s 
treatment and that the ‘“ blank” value is regained only after about 3 hours’ activation. 
Reference to the figures in Table II will show that little difference in activity was found between 
the “ blank”’ and the 3-hour charcoal, whether the activity was measured by the heat of 
wetting, the adsorption, or the retentivity. Another sample of sugar charcoal B treated at 
900° showed a slight decrease of activity in the first half-hour, but after 1 hour gave a value well 
above that of the corresponding “ blank.” 

In the present investigation the decrease of activity during the early stages of treatment 
was observed only with sugar charcoal B. The previous experiments of Thrasher, however, 
already mentioned, showed that both with birch-wood and sugar charcoals the activity, as 
tested by the rate of reduction of potassium permanganate, decreased in a similar manner 
during the early stages of air treatment. 

Heat of Wetting and Surface Area of Charcoal.—Various authors (see Bartell and Fu, Colloid 
Sym. Ann., 1930, 7, 135; Berl and Burkhardt, Z. angew. Chem., 1930, 43, 330) have correlated 
the heat of wetting of a charcoal with its power of adsorbing substances from solution, the latter 
being taken as a basis for estimating the surface area. Such estimates are, however, 
notoriously divergent, and vary with the molecular size of the adsorbed substance. The study, 
from this point of view, of the charcoals of graded activity used in the present investigation, 
has given significant results, as shown in Table III. Weighed portions, about 1 g. of sugar 
charcoal B, activated for different periods at 800°, were shaken, in each case for 2 days, with 
aqueous solutions of benzoic acid (2-86 g. per 1.), naphthalenesulphonic acid (4-53 g. per 1.), 
and methylene-blue (1-58 g. per 1.), the amount adsorbed being determined by subsequent 
titration. 

TABLE III. 


Grams adsorbed. Grams adsorbed. 

Activation Activation 

period, Benzoic Naphthalene- Methylene- period, Benzoic Naphthalene- Methylene- 
hrs. acid. sulphonicacid. blue. - hrs. acid. sulphonicacid. blue. 
“Blank’’ 0°046 0-018 0-002 10 0°245 0-085 0-005 
3 0°057 0-018 0-003 15 0°334 0°250 0-036 
64 0-119 0-018 0-003 23 0-417 0°323 0-146 


The significant feature of Table III is not so much the absolute adsorption values for the 
different substances as the fact that in the case of naphthalenesulphonic acid, and still more in 
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that of methylene-blue, the occurrence of any appreciable adsorption is delayed until a late 
stage in the activation of the charcoal. When it once sets in, the rise in the adsorption value 
with increase in the period of activation is comparatively rapid. With benzoic acid, on the 
other hand, there is a rise even between the “ blank ”’ and the 3-hour charcoal which, though 
small, is quite definite. It was also found that the later benzoic acid adsorption values are 
proportional to the heats of wetting with benzene of the four charcoals concerned. 


DISCUSSION. 


The present study of charcoals of graded activity indicates that the increase of available 
surface previously revealed by the progressive decrease of bulk density on air-activation 
is accompanied by a steady rise in the heat of wetting. It should be emphasised that with 
the most highly activated sugar charcoals the heat of wetting, like the retentivity, showed 
no steep rise such as was found for the adsorption values. In the last case, some of the 
vapour (benzene) held by the very active charcoal may be in the liquid form, and on that 
account its quantity cannot be regarded as so reliable a measure of the available surface 
as the retentivity. It certainly looks as if both the heat of wetting and the retentivity 
are determined mainly by the area of the available surface. 

The early stages of activation as described above (p. 1168) present certain peculiar 
features, not hitherto recorded. There is little doubt that the primary result of high- 
temperature treatment on a stock charcoal is to decrease its adsorptive power, and that a 
continuation of the treatment for some time is necessary before a positive activation 
effect is obtained. This result appears difficult to reconcile with the progressive oxidation 
which is mainly responsible for increasing activation. It may be, however, that another 
factor which has frequently been regarded as important in charcoal activation, v7z., 
hydrocarbon distillation, may play a significant part in the early stages. The result of 
the first carbonisation may be to give a carbon surface fairly free from hydrocarbons, but 
to leave appreciable quantities of such substances in the interior of the charcoal granules. 
The first effect of the subsequent high-temperature air treatment would be to bring the 
hydrocarbons to the surface, where their clogging action would involve a reduced adsorptive 
power. Gradually, however, by distillation and oxidation the hydrocarbons would be 
removed, and the available surface would then be steadily increased by progressive 
oxidation. 

Lastly, attention should be directed to Table III. From earlier observations (Paneth, 
Garner, Rideal, and others; cf. Philip, Trans. Inst. Chem. Eng., 1929, 7, 77), it is highly 
probable that the widely different estimates of the specific surface of charcoal are connected 
with the dimensions of the adsorbed molecules. The results given in Table III emphasise 
the significance of this factor, for they appear to show that, until the charcoal capillaries 
have been opened out sufficiently by the progressive oxidation, no appreciable adsorption 
of large molecules can occur. The larger the molecule, the further must the progressive 
oxidation go before appreciable adsorption occurs. When, however, this stage is reached, 
further oxidation is accompanied by a rapid increase of adsorptive power. 


SUMMARY. 


1. Charcoals of graded activity—both wood and sugar charcoals—have been prepared 
by air treatment at 700—900°. 

2. The heats of wetting with benzene (mainly) and the adsorption and retentivity 
(for benzene vapour) have been determined. 

3. The heat of wetting is found, in general, to be more definitely related to the 
retentivity than to the adsorption. 

4. The air-treatment in its initial stages has been found to reduce the adsorptive power 


of sugar charcoal. 
5. No appreciable adsorption of dissolved substances of large molecular dimensions 


(such as naphthalenesulphonic acid and methylene-blue) occurs with sugar charcoal until 
a certain stage in the air-oxidation has been reached. 


IMPERIAL COLLEGE, S.W. 7. (Received, June 13th, 1934.} 
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253. The Configuration of Heterocyclic Compounds. Part I. The 
Optical Resolution of 10-Methylphenoxarsine-2-carboxylic Acid. 


By Mary S. LEssLigE and E. E. Turner. 


ALTHOUGH the planar configuration of benzene, naphthalene, and anthracene is now estab- 
lished, little is known of the configuration of heterocyclic systems, in which at least two 
new factors are necessarily introduced, viz., the atomic diameter and the valency angle 
of the element or elements other than carbon. From the point of view of their application 
to stereochemical problems, measurements of atomic diameter are, on the whole, more 
trustworthy than those of valency angle. The latter rest largely on the determination 
of dipole moments, and, in illustration of the uncertainty which attends their application, 
it may be noted that furan rings are stable, but that the most recent value assigned to 
the oxygen valency angle is very much higher than 108° (Hampson, Faraday Society 
Discussion, April 1934, gives 124—132° for the oxygen angle in dipheny] ethers). 

The examination of reduced heterocyclic rings such as those of dioxan, morpholine, 
etc., is complicated by the possibility of readily interconvertible, strainless forms, but a 
considerable simplification is introduced by the presence of benzene nuclei fused to the 
heterocyclic system. In a compound of the general formula (I), in which A and B are the 


A O 
s O23 
Mcocad” Yy 
(I.) ECP®) CX Orv H (II.) 
B As” ; 
Me 


same element, or are different, there is every reason to believe that the four lines joining 
the centres of A and B to the centres of the carbon atoms to which A and B are attached 
will pass through the centre of X or of Y. This condition can be fulfilled even if the plane 
XAB is inclined, about the axis AB, to the plane YAB, as Bennett and Glasstone (this 
vol., p. 128), in amplifying a suggestion made by Bergmann and Tschudnowsky (Ber., 
1932, 65, 457), have shown it to be in the case of thianthren (A= B=S). The folded 
structure of thianthren would have certain stereochemical consequences, which have been 
discussed and investigated by Baw, Bennett, and Dearns (this vol., p. 680), although so 
far no evidence has been obtained that the folded thianthren structure is stereochemically 
stable. 

When A and B are not identical, it is still possible for XAB and YAB to be planes, 
and for these to be inclined to each other, but it seems probable that when the atomic 
radii of A and B are markedly different, the stability of folded structures would be greater, 
since, during a theoretical folding process, the valency angles of A and B will change at 
different rates, and within different limits. Calculation shows, for example, that when A 
is an oxygen atom (radius, 0-66 A.) and B is a tervalent arsenic atom (radius, 1-21 A.), 
the following relation exists between the oxygen and arsenic valency angles (6 and 4, 
respectively), and the angle y% between the planes XAB and YAB. Effects of the type 
discussed by Mills and Nixon (J., 1930, 2510), and effects which might be due to the re- 
lative proximity of the oxygen and arsenic atoms are not taken into account : 

110° 128° 137°5° 
86°5° 97°5° 103° 
123° 149°5° 180° 


The most probable configuration of such a system would appear to be one in which #% was 
between 150° and 180°, and if a folded structure were most favourable to the natural 
angles of both the oxygen and the arsenic atom, it should possess considerable rigidity. 
A convenient measure of the rigidity would be the angle 180° — y. 

We have prepared 10-methylphenoxarsine-2-carboxylic acid (II). If (a) the molecule is 
folded, and if, as a consequence of the dissimilar sizes of the oxygen and the arsenic atom, 
the folded structure is stable, this acid should exhibit optical activity, irrespective of the 
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disposition of the methyl radical. If (6) the molecule is planar as regards X, A, B, and Y, 
but the methy] radical can lie stably either above or below the plane XABY, optical activity 
could again result. In view of the fact that arsine has a much smaller dipole moment 
than ammonia, and of repeated failures on the part of numerous investigators to resolve 
substituted ammonias, it is at least unlikely that the second configuration (b) would lead 
to molecular dissymmetry of any stability. 

In fact, we have succeeded in resolving 10-methylphenoxarsine-2-carboxylic acid. 
When a boiling alcoholic solution of the acid (1 mol.) and strychnine (0-25 mol.) was cooled, 
a strongly dextrorotatory salt separated, from which it became manifest that resolution 
was probably being effected. Fractional addition of strychnine, followed by systematic 
crystallisation of successive crops, led to the isolation of three main crops: (1) Sirychnine 
d-10-methylphenoxarsine-2-carboxylate, a sparingly soluble salt having [a], + 33-7° 
and [a], + 39-1° (in chloroform), (2) the dl-sa/t, less sparingly soluble than the d-salt, 
and having [a], — 18-2° and [a], — 21-1°, and (3) the l-salt, a very soluble salt 
having [a], — 51-7° and [«]?%, — 60-6°. Removal of the strychnine from these three 
salts gave three acids having the following properties (rotations in 99-5% alcohol) : 


M. p. [a] sro. [a}ser- 
135—136° +95°8° +111°5° 
202—203 0 0 
135—136 — 96°0 —111°7 


The dl-acid was prepared according to the following scheme : 
o-NO,°C,H,°O-C,H,Me(p) —> NH,°C,H,O-C,H,Me —> 


AsO3H,°C,H, ocatate >» CY een Kia O,H 
2 
‘AsO(OH)” er 


(II) <— oy Ba H 
NasCl” : 


It was observed during the resolution experiments that the aetive acids could be dissolved 
in boiling alcohol without racemisation, and it was later found that an alcoholic solution 
of a pure active acid underwent no loss in activity during several hours’ heating under 
pressure at 100°. We have attempted to determine the speed of racemisation in various 
solvents, and the energy of activation of the racemisation process, but the acid is so optically 
stable that so far this has been impossible; e¢.g., a solution of the /-acid in benzyl alcohol 
retained 95%, of its optical activity after being kept at 200° for 2 hours, after which, darken- 
ing of the solution prevented further observations being made. 

In N-sodium hydroxide solution, the /-acid had a much higher rotation than in alcoholic 
solution, and 6 hours’ heating of the former solution at 100° caused no measurable racemis- 
ation. The total crude acid liberated at the end of this experiment had [«]},, — 94-2° 
and [a], — 108-6°. The rate of racemisation in boiling quinoline could not be deter- 
mined, because of darkening during the first hour’s boiling. 

When a solution of the /-acid in alcohol containing methyl iodide was kept, the :- 
rotation decreased slowly during the first 2 hours, and then began to fall rapidly, the 
solution becoming inactive in 6 hours. The combination of the acid with methyl iodide 
appears to be catalysed by the methiodide or by its ions; the combination in aqueous- 
alcoholic solution in presence of sodium iodide was very much slower than that in alcohol 
in absence of sodium iodide, and although the two experiments are not strictly comparable, 
they suggest that the iodide ion is not the effective catalyst. 

When a solution of the /-acid in ethyl alcohol containing ethyl iodide was kept, the 
l-rotation decreased much more slowly than with methyl iodide, as would be expected 
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from the relative reactivity of the two iodides. The solution became completely inactive 
in about 15 hours. 

It is known that addition reactions between tertiary arsines and alkyl iodides are 
occasionally followed by group displacement (Burrows and Turner, J., 1921, 119, 426). 
It is also true that, so far, no arsonium salt has been obtained in an optically stable con- 
dition. Yet if the optical activity of the acid is due to the presence of an asymmetric 
tervalent arsenic atom of a particularly stable type, it seems unlikely that the addition of 
ethyl iodide to the active acid would be accompanied by complete loss of activity, since 
an asymmetric arsonium ion is produced. The methiodide of the acid should be inactive 
if the original activity were due to the arsenic dissymmetry. On the other hand, since the 
formation of an alkiodide is accompanied by the acquisition of a positive charge by the 
arsenic atom, the effective size of the latter must undergo instantaneous diminution, 
the arsenic atom in the positive arsonium ion probably being little larger than an oxygen 
atom. It is almost inconceivable that a folded molecule could withstand the accompanying 
agitation without complete loss of activity. 

At the moment, therefore, we are inclined to favour the folded structure (III) rather 
than the “‘ asymmetric arsenic atom ”’ as the cause of the activity of 10-methylphenoxarsine- 


< i ‘ NH 
a (rte eae i 
hy Dygrqren eo n-- 22 S 
~ lis AsCIl’ 
—, (IV.) 
(III.) 


2-carboxylic acid. For several years, experiments have been in progress on the resolution 
of a simple tertiary arsine derivative, and clearly this matter and the resolution of the above 
meth- and eth-iodide will require attention. Work is also in progress on the attempted 
resolution of derivatives of phenoxthionine (I; A =O; B=S), phenoxtellurine (I; 
A=0O; B=Te), and similar compounds, in which the complication arising from the 
attachment of a group to B is absent. 

During the course of the present work, Allen, Wells, and Wilson (J. Amer. Chem. Soc., 
1934, 56, 233) claimed to have obtained evidence in favour of an ‘‘ asymmetric arsenic 
atom.’’ They treated the chlorobenzophenarsazine (IV) with silver d-bromocamphor- 
sulphonate, and obtained two substances which they regarded as (IV) in which the chlorine 
atom is replaced by the bromocamphorsulphonate group. The combined yield of the 
two substances was less than 10% of that theoretically possible, and the calculated “‘ specific 
rotations of the arsenic radicals’ given for the two substances as — 24-9° and + 25-6° 
are based on two mean polarimetric readings of the order of 0-1°. In view of the un- 
avoidable experimental error, and of the uncertainty as to the constitution of a substance 
containing a sulphonic acid group in attachment to a tervalent arsenic atom in a phenars- 
azine, it is impossible at the moment to assess the significance of the work of the above 
authors. If the two substances which they isolated have the constitutions and the rotations 
assigned to them, it appears probable that they are stereoisomeric forms due to a folded 
phenarsazine structure. 

EXPERIMENTAL. 


o-Nitrophenyl p-Tolyl Ether.—This substance was obtained by the method described by 
Henley (J., 1930, 1222) in almost 100% crude yield (pure material over 75%). 

o-Aminophenyl p-Tolyl Ethery.—The nitro-compound was reduced with iron filings, water, 
and a little acetic acid at 100°. The reduction mixture was extracted with hot alcohol, and the 
filtered extract freed from the bulk of the alcohol by distillation. The residue was poured into 
excess of diluted hydrochloric acid (1:1). When the resulting paste was cold, it was filtered 
off, and the hydrochloride was dried at 100° (yield, 85%). The base obtained from the salt 
a b. p. 178°/10 mm. or 183°/12 mm. (compare Cook and Hiller, Amer. Chem. J., 1900, 24, 
529). 











\e 
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2-p-Tolyloxyphenylarsonic Acid.—The foregoing hydrochloride (129 g.) was sieved and mixed 
with 110 c.c. of concentrated hydrochloric acid and 150 g. of crushed ice. A solution of 39 g. 
of sodium nitrite in 110 c.c. of water was stirred in rapidly under the surface. A trace of in- 
soluble material was filtered off, and the solution was then neutralised with sodium hydrogen 
carbonate in presence of ice. The diazo-solution was added rapidly under the surface of a 
vigorously stirred solution containing 112 g. of arsenious oxide, 235 g. of anhydrous sodium 
carbonate and 900 c.c. of water, initially at 50—60°. Dilute copper sulphate solution was 
added at intervals. After the addition, stirring was continued until no diazo-compound re- 
mained in solution. The whole was cooled, the semi-solid tar squeezed, and the liquid filtered 
and acidified with hydrochloric acid. The arsonic acid which separated was dissolved in boiling 
alcohol, the solution was filtered, and then treated with about 3 vols. of boiling water. On 
cooling, the arsonic acid separated as short, rectangular prisms, m. p. 192—193°. The yield 
was variable (20—40%) (Found: C, 50-3; H, 4-45. C,,H,,0,As requires C, 50-6; H, 4:25%). 

2-Methylphenoxarsinic Acid.—Roberts and Turner (J., 1925, 127, 2004) found that o-phenoxy- 
phenylarsonic acid underwent sulphonation when an attempt was made to convert it into 
phenoxarsinic acid by means of concentrated sulphuric acid. The tolyloxy-acid tends to 
sulphonate, but ring closure was effected readily as follows: The tolyloxyarsonic acid (30 g.) 
was slowly added to 150 g. of ice-cold, well-stirred concentrated sulphuric acid. When the 
addition was complete, the mixture was heated to 100°, and kept at 100° for 5 minutes, then 
cooled and poured on ice. The solid was collected, washed with water, and dissolved in the 
minimum of boiling alcohol. The filtered solution was treated with about 10 vols. of boiling 
water, and allowed to cool to 0°. The pure acid (yield, 70%) forms hexagonal plates or spherical 
aggregates, m. p. 245—246° (corr.) (Found: As, 26-4. C,,H,,0O,As requires As, 25-8%). 

2-Carboxyphenoxarsinic Acid.—A solution containing the foregoing acid (11-6 g.; 1 mol.), 
2-4 g. (0-5 mol.) of sodium carbonate, and 80 c.c. of water was boiled, and to it was added, in 
about ten portions, during 15 minutes, a boiling solution of 12-3 g. (2 mols.) of potassium per- 
manganate in 400 c.c. of water. Boiling was continued for a further 10 minutes, and a rapid 
current of sulphur dioxide was passed through the suspension until only a faint pink colour 
persisted (5 minutes). The cooled suspension was filtered, and the solid was ground with 
aqueous ammonia. The resulting suspension was filtered. Acidification of the filtrate with 
hydrochloric acid gave crude 2-carboxyphenoxarsinic acid. This was dissolved in boiling alcohol, 
and the solution was filtered and treated with boiling water (1 vol.). After cooling to 0°, the 
acid (yield, 64%) was obtained as striated needles, m. p. 280—281° (corr.) (efferv.) (Found : 
C, 46-0; H, 3-5; As, 22-1; loss at 150—160°, 5-4. C,,H,O,As,H,O requires C, 46-2; H, 3-25; 
As, 22-2; H,O, 5-3%). Oxidation in the cold, using the same materials, was very slow (2—3 
days), and gave an inferior yield (45%). 

10-Chlorophenoxarsine-2-carboxylic Acid.—The preceding acid was ground to a thin cream 
with concentrated hydrochloric acid, chloroform, containing a little iodine, was added, and the 
warm suspension was saturated with sulphur dioxide until the colour of the iodine had dis- 
appeared. The suspension was then cooled and filtered. The chloro-compound was washed 
with water, and dried in a vacuum. It crystallised from absolute alcohol, containing a little 
concentrated hydrochloric acid, in needles, m. p. 280—281° (corr.) (Found: Cl, 10-9. 
C,3;H,O,CIAs requires Cl, 110%). Occasionally, the original mixture of carboxyphenoxarsinic 
acid and concentrated hydrochloric acid set to a mass of needles, presumably of an oxychloride. 

dl-10-Methylphenoxarsine-2-carboxylic Acid.—The crude, dry chloro-carboxylic acid (32 g.; 
1 mol.) was gradually added to an ethereal solution containing 4 mols. of methylmagnesium 
iodide. Each portion reacted vigorously. The clear solution was gently boiled during 2 hours, 
and then decomposed with ice and dilute hydrochloric acid. The aqueous layer was extracted 
with ether, which was combined with the original ethereal layer. The ethereal solution was 
washed with water, and extracted twice with aqueous ammonia. The ammonia solution was 
acidified, and the precipitated acid collected and dried at 100°. It crystallised from absolute 
alcohol in clusters of small needles, m. p. 202—203° (corr.) (Found : C, 55-4; H, 3-7; As, 24-9. 
C,,H,,0,As requires C, 55-6; H, 3-7; As, 24-8%). 

The methiodide was readily formed when the acid was heated at 100° with absolute ethyl 
alcohol and methyliodide. It forms elongated plates, m. p. 250° (efferv.), and is very sparingly 
soluble in alcohol. It could not be crystallised from an organic solvent, and from water 
it forms the hydrate, rectangular needles, m. p. ca. 250° (decomp.) (Found: I, 27-7. 
C,;H,,0,AsI,H,O requires I, 27-5%). 

Resolution of dl-10-Methylphenoxarsine-2-carboxylic Acid.—To a boiling solution of 65-4 g. 
of the d/-acid in 2 1. of boiling 99-5% ethyl alcohol were added 18-1 g. of strychnine (0-25 mol.). 
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The solution was left over-night in the ice-chest, and gave 8-0 g. of salt A, having [«]#,, + 21-2°, 
in chloroform. To the mother-liquor from A were added, at the b. p., another 18-1 g. of 
strychnine. On being kept in the ice-chest as before, 48 g. of salt B separated, having 
[a], + 23-8°. Addition of 18-1 g. of strychnine to the mother-liquor from B gave 15 g. of 
a salt C, having [«]?, + 72°. 

The remaining 18-1 g. of strychnine were added to the mother-liquor from C, and 24 g. of 
a salt D were obtained having [«]},, — 12-8°. Successive evaporation of the mother-liquor 
from D gave the following salts: 11-2 g. of E, with [a]2{, — 26-2°; 6-1 g. of F, with [«]™, 
— 46-5°; and 3-3 g. of G, with [a], — 53-5°. Further evaporation of the mother-liquor 
gave a very small quantity of salt only. 

Salts A and B were combined, and recrystallised (8 times) from alcohol until the specific 
rotation no longer changed, when 10-5 g. of pure strychnine d-salt were obtained. Recrystallis- 
ation of C also gave more strychnine d-salt. 

Concentration of the mother-liquors from the base d-acid crops gave mostly strychnine 
dl-salt, contaminated with base d-salt, the rotations of crops varying from [a], + 26-6° to 
— 15-3°. By recrystallising crops C to G, the less soluble partial racemate separated first, 
and, on concentrating the mother-liquor, a purer strychnine /-acid salt was obtained. This 
was repeated many times until the optically pure /-acid salt (23-7 g.) was obtained. 

Strychnine d-10-methylphenoxarsine-2-carboxylaie crystallises from ethyl alcohol in prismatic 
needles, and has [a], + 33-7° and [a]2%, + 39-1° (c = 2-0705; 1=2; af, = + 1-395°; 
as, = + 1-62°) in chloroform (Found: C, 65-7; H, 5-4. C,;H,,0;N,As requires C, 66-0; 
H, 52%). 

Strychnine dl-10-methylphenoxarsine-2-carboxylate crystallises from ethyl alcohol in plates; 
[a]#%, — 18-2° and [a]%{, — 21-1°, in chloroform (c = 1-591; 17 = 2; a2%, = — 0-58°; ad, = 
— 0-67°) (Found : C, 65-7; H, 5-3%). 

Strychnine 1-10-methylphenoxarsine-2-carboxylate crystallises from alcohol in slender needles ; 
[a] — 51-7° and [a]2%, — 60-6°, in chloroform (c = 2-029; ] = 2; a, = — 2-10°; of, = 
— 2-46°) (Found : C, 65-7; H, 5-3%). 

Decomposition of the strychnine salts was effected in the usual manner with ammonia. 
Acidification of the ammoniaca] solution gave the free acids. 

d-10-Methylphenoxarsine-2-carboxylic acid crystallises from aqueous alcohol in hair-like 
needles, m. p. 135—136° (corr.); [a]?%, + 95-8°, [a], + 111-5°, in 99-56% ethyl alcohol 
(c = 1-659; 1 = 2; ao, = + 3-18°; o%, = + 3-70°). It is very readily soluble in alcohol 
(Found: C, 55-6; H, 3-9. C,,H,,0,As requires C, 55-6; H, 3-7%). The 1-acid crystallises 
from aqueous alcohol in hair-like needles, m. p. 135—136° (corr.); [a]?%, — 96-0°, [a]?%, 
— 111-7°, in 99-5% ethyl alcohol (c = 1-052; 7=2; aM, = — 2-02°; af, = — 2-35°) 
(Found : C, 55-7; H, 3-8%). 

Action of Heat on |-Acid in Benzyl-alcoholic Solution.—0-2916 G. of pure /-acid was dissolved 
in benzyl alcohol, and the solution made up to 20c.c. It had [a]2%, — 57-6° and [«]%, — 67-9° 
(c = 1458; 1=2; ao, = — 1-68°; a3, = — 1-98°). After 2 hours’ heating at 200°, it 
had [a], — 54-9°, [a], — 64-8° (a2, = — 1-60°; a2, = — 1-89°). 

Action of Methyl Iodide in Alcoholic Solution on the 1-Acid.—0-1992 G. of pure /-acid was 
dissolved in ethyl alcohol, 5 c.c. of methyl iodide were added, and the solution was made up to 
20 c.c. The following observations were made (/ = 2) : 

Time, mins. ............ 35 65 105 165 330 375 
— 163° —1-59° — 148° — 1-06° —0°31° —0-04° 
—1°87 —1°84 —1-70 —121 —0°39 —0°05 


Action of Ethyl Iodide in Ethyl-alcoholic Solution on the \-Acid.—A precisely similar experi- 
ment with 0-2304 g. of the /-acid and ethyl iodide gave : 
Tidehe, MMs 06552565 0000000sc00e 60 150 230 435 1000 
—1°98° —1-94° —1-94° —1:32° 0° 
— 2-29 — 2°26 — 2°26 —151 0 
We thank the Royal Society and the University of London (Dixon Fund) for grants. 


BEDFORD COLLEGE, UNIVERSITY OF LONDON. [Received, June 30th, 1934.] 








The Unsaturation and Tautomeric Mobility, etc. Part IV. 1175 


254. The Unsaturation and Tautomeric Mobility of Heterocyclic 
Compounds. Part IV. The Methylation and Bromination of a 
Series of 2-p-Substituted Anilinothiazoles. 


By RosBert F. HUNTER and EDWIN R. PARKEN. 


It has been shown (Hunter and Jones, J., 1930, 2190) that the phenyl group of the anilino- 
substituent in l-anilinobenzthiazole competes with the aromatic conjugation of the 
heterocyclic nucleus for the proximity of the «8-double bond of the semi-cyclic amidine 
system during methylation, leading to the production of a considerable proportion of 
1-phenylmethylaminobenzthiazole in addition to the isomeric imino-dihydro-derivative. 
This effect is further enhanced by the presence of a p-bromine substituent in the anilino- 
grouping, since 4’-bromo-l-anilinobenzthiazole yields solely the methyl derivative 
corresponding to the latter form on methylation. 

It has now been found that 2-anilino-, and 2-p-chloro-, -bromo-, -iodo-, -ethoxy-, -hydroxy-, 
and -nitro-anilino-4-methylthiazoles (I; R = H, Cl, Br, I, OEt, OH, or NO,) react apparently 
exclusively in the amino-aromatic form on methylation, yielding 2-p-substituted-phenyl- 
imino-3 : 4-dimethyl-2 : 3-dihydrothiazoles (II) identical with the products of condensation 
of monochloroacetone with the corresponding s-arylmethylthiocarbamides (III). 

CH CH- i HS 

MeC Saecaue —> MeC Eee ees SCIN-C,H,R 
\F \4 MeNH 
N NMe 
(I.) (II.) (III.) 


On bromination under conditions in which benzthiazoles usually give rise to bromo- 
addition compounds (Hunter, J., 1930, 125), the 2-arylamino-4-methylthiazoles underwent 
substitution with the production of hydro-iri- or -penta-bromides of bases which are 
evidently 5-bromothiazoles (IV; = 2 or 4) (cf. Dyson, Hunter, Jones, and Styles, 
J. Indian Chem. Soc., 1931, 8, 147). 


| CBr-$ ’ e 
/MeC C-NH-C,H,R Br(Bra) vy) 


Nhe | 


When the double bond (4 : 5) of the thiazole ring is reduced as in 2-anilino-5-methyl-4 : 5- 
dihydrothiazole, however, the phenyl group becomes once more capable of attracting 
the double bond of the amidine system, with the production of the methyl derivatives 
obtained from the 2-arylimino-2 : 3 : 4; 5-tetrahydro-phase on methylation (Young and 
Crookes, J., 1906, 89, 59). 

EXPERIMENTAL. 


Synthesis of 2-p-Chloroanilino-4-methylthiazole (I, R = Cl).—The following condensation 
is typical of the series. A mixture of p-chlorophenylthiocarbamide (10 g.) and monochloro- 
acetone ( 6 c.c.) was gently heated until a violent reaction took place, the resulting gum was 
extracted with boiling 20% hydrochloric acid (100 c.c.), and the extract basified with ammonia 
(d 0-880). The thiazole was extracted with chloroform and recrystallised from methyl alcohol 
(charcoal), separating in glistening needles (4 g.), m. p. 147° (Found: Cl, 16-0; S, 14:3. 
C,9H,N,CIS requires Cl, 15-8; S, 14-2%). 

Methylation of 2-p-Chloroanilino-4-methylthiazole, and Synthesis of 2-p-Chlorophenylimino- 
3 : 4-dimethyl-2 : 3-dihydrothiazole-—The following experiments are typical of the series. (i) A 
mixture of the chloro-anilino-base (1-5 g.) and methyl iodide (2 c.c.) was heated in a sealed tube 
at 100° for 5—6 hours, and the product was basified with hot 20% potassium hydroxide and 
extracted with chloroform. The gum (1-6 g.) so obtained was dissolved in acetone (10 c.c.) 
and treated with picric acid (1-6 g. in 10 c.c. of acetone). The picrate of 2-p-chlorophenylimino- 
3 : 4-dimethyl-2 : 3-dihydrothiazole thereby obtained was recrystallised from acetone, separating 
in large yellow prisms, m. p. 188—139° (slight softening at 120°) (Found: Cl, 7-5; S, 7-0, 
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C,,H,,N,CIS,C,H,O,N, requires Cl, 7-6; S, 6-8%). (ii) 2 G. of s-p-chlorophenylmethylthiocarb- 
amide were condensed with monochloroacetone (1-2 c.c.) as above, and the gum isolated by 
extraction with chloroform was converted into picrate as before. On recrystallisation, this 
picrate had m. p. 138—139° (slight softening at 120°) alone, and when mixed with the preceding 
specimen. 
" Bromination of 2-p-Chloroanilino-4-methylthiazole—The solution obtained by treating 
the thiazole (2 g.) in chloroform (20 c.c.) with bromine (2 c.c.) at 0° was concentrated in a vacuum 
at room temperature, and a hydropentabromide of 5-bromo-2-p-chloroanilino-4-methylthiazole 
separated in small orange-red prisms, which were dried in a vacuum, m. p. 128—129° (decomp.) 
[Found: Br (total), 67-4; Br (labile), 45-4. C,H,N,CIBrS,HBr(Br,) requires Br (total), 
68-2; Br (labile), 45-4%]. On being kept in a vacuum over potassium hydroxide for 48 hours, 
they lost bromine, yielding a hydrotribromide, m. p. 124—126° (decomp.) [Found: Br (total), 
58-5; Br (labile), 29-6. C,,H,N,CIBrS,HBr(Br,) requires Br (total), 58-8; Br (labile), 29-4%]. 
On treatment with a large volume of sulphurous acid, basification of the colourless product 
with ammonia, and recrystallisation from cold alcohol, either bromo-compound yielded 
5-bromo-2-p-chloroanilino-4-methylthiazole, m. p. 126—127° (decomp.) (Found: Br, 26-7. 
C,,H,N,CIBrS requires Br, 26-3%). 

2-p-Bromoanilino-4-methylthiazole (I, R = Br), prepared from p-bromophenylthiocarbamide, 
separated from methyl alcohol (charcoal) in fine needles, m. p. 162° (Found: Br, 29-6; S, 12-1. 
C,oH,N,BrS requires Br, 29-7; S, 11-9%). An attempt to methylate this base (1 g.) with 
methyl sulphate (4 c.c.) in alcohol (10 c.c.) (cf. Hunter and Jones, Joc. cit.) proved unsuccessful, 
the base (0-9 g.) being recovered unchanged. The picrate obtained from the gum formed by 
methylation with methyl iodide, as in the previous case, crystallised in glistening yellow prisms, 
m. p. 154° alone, and when mixed with the picrate (m. p. 154—155°) obtained from the gum 
formed by condensation of s-p-bromophenylmethylthiocarbamide with monochloroacetone 
(Found: C, 39-75; H, 2-8; N, 13-7; S, 63; Br, 15-7. C,,H,,N,BrS,C,H,O,N, requires 
C, 39-3; H, 2-7; N, 13-6; S, 6-25; Br, 15-6%). 
_ §-Bromo-2-p-bromoanilino-4-methylthiazole.—The hydropentabromide of this thiazole, obtained 
by bromination of 2-p-bromoanilino-4-methylthiazole, formed orange-red prisms, m. p. 114— 
115° (decomp.) [Found : Br (total), 73-6; Br (labile), 40-8. C,H,N,Br,S,HBr(Br,) requires 
Br (total), 74-7; Br (labile), 42-7%], and yielded a hydrotribromide, m. p. 118—119°, on standing 
over potassium hydroxide for 48 hours [Found: Br, 67-6. C,H,N,Br,S,HBr(Br,) requires 
Br, 67-9%]. On reduction with sulphurous acid, both hydrobromides yielded 5-bromo-2-p- 
bromoanilino-4-methylthiazole, which separated from cold alcohol in small needles, m. p. 137° 
(Found : Br, 45-9. C,.H,N,Br,S requires Br, 46-0%). On reduction with tin and hydrochloric 
acid, however, this base lost one atom of bromine, regenerating 2-p-bromoanilino-4-methyl- 
thiazole, m. p. 160—161° alone, and when mixed with the original specimen. 

2-op-Dibromoanilino-4-methylthiazole, synthesised from 2 : 4-dibromophenylthiocarbamide 
and monochloroacetone, separated from alcohol in needles, m. p. 136—137° (Found: Br, 46-1. 
C,9H,N,Br.S requires Br, 46-0%). Mixed with 5-bromo-2-p-bromoanilino-4-methylthiazole, 
it melted at 115°. 

2-p-lodoanilino-4-methylthiazole crystallised in snow-white needles, m. p. 168—169° (Found : 
S, 9-9. Cy H,N,IS requires S, 10-1%). The picrate of the gum obtained on methylation had 
m. p. 154—155° alone and when mixed with the picrate of 2-p-iodophenylimino-3 : 4-dimethy]- 
2 : 3-dihydrothiazole (m. p. 156°), obtained from s-p-iodophenylmethylthiocarbamide (Found : 
C, 36-2; H, 2-6; N, 12-5; S, 5-6; I, 22-5. C,,H,,N,IS,C,H,O,N, requires C, 36-5; H, 2-5; 
S, 5:7; N, 12-5; I, 22-7%). 

2-p-Ethoxyanilino-4-methylthiazole separated from. methyl alcohol in small plates, m. p. 
135—136° (Found: S, 13-9. C,,H,,ON,S requires S, 135-7%). The gum obtained by heating 
this base (1 g.) with methyl iodide (0-4 c.c.) at 100° solidified on keeping, and separated from 
methyl alcohol in. small plates, m. p. 114—115°, alone, and when mixed with a specimen of 
2-p-ethoxyphenylimino-3 : 4-dimethyl-2 : 3-dihydrothiazole prepared from s-p-ethoxyphenylmethy]- 
thiocarbamide (Found : S, 13-0. C,,;H,gON,S requires S, 12-9%). 

5-Bromo-2-p-ethoxyanilino-4-methylthiazole-——The hydrotribromide of this thiazole formed 
red prisms, m. p. 119—120° [Found : Br (total), 58-2; Br (labile), 27-6. C,,H,,ON,BrS,HBr(Br,) 
requires Br (total), 57-8; Br (labile), 28-9%]. The base, obtained by grinding this salt with cold 
sulphurous acid, separated from cold alcohol in needles, m. p. 136—137° (Found: Br, 25:8. 
C,,.H,,ON,BrS requires Br, 25-6%). On reduction with tin and hydrochloric acid, it lost 
bromine, with regeneration of 2-p-ethoxyanilino-4-methylthiazole (m. p. and mixed m. p.). 

2-p-Hydroxyanilino-4-methylthiazole had m. p. 220° (Found: S, 15-4. CygH,,ON,S requires 
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S, 15:4%). 2-p-Hydroxyphenylimino-3 : 4-dimethyl-2 : 3-dihydrothiazole, obtained by methyl- 
ation of the anilino-base, had m. p. 189—190° (Found : S, 14-5. C,,H,,ON,S requires S, 14-5%). 

s-p-Hydroxyphenylmethylthiocarbamide, prepared from /-hydroxyphenylthiocarbimide 
(Dyson and George, J., 1924, 125, 1702) and methylamine in alcohol, separated from alcohol 
in prisms, m. p. 186° (Found: S, 17-6. C,H, ON,S requires S, 17-6%). The dihydrothiazole 
obtained from this had m. p. 189° alone and when mixed with the specimen obtained by 
methylation of 2-p-hydroxyanilino-4-methylthiazole. 

2-p-Nitroanilino-4-methylthiazole crystallised from alcohol-ethyl acetate in red needles, 
m. p. 181—182° (Found: S, 13-8. C,sH,O,N,S requires S, 13-6%). The iminodimethyl- 
dihydrothiazole, obtained by methylation of this, crystallised from alcohol-ethy] acetate in long, 
orange-red needles, m. p. 151° (Found: S, 13-0. C,,H,,0O,N,;S requires S, 12-85%). 

s-p-Nitrophenylmethylthiocarbamide, prepared from p-nitrophenylthiocarbimide and methyl- 
amine, crystallised from alcohol in small yellow prisms, m. p. 183—184° (Found: S, 15-0. 
C,H,O,N,S requires S, 15-2%). Its condensation product with monochloroacetone had m. p. 
150° alone and when mixed with the foregoing specimen. 

5-Bromo-2-p-nitroanilino-4-methylthiazole hydropentabromide formed red-brown crystals, 
m. p. 113—114° (decomp.) [Found : Br (total), 65-5; Br (labile), 43-6. C,9H,O,N,BrS,HBr(Br,) 
requires Br (total), 67-1; Br (labile), 44-7%]. The base separated from alcohol in orange-yellow 
crystals, m. p. 162° (decomp.) (Found: Br, 25-3. C,gH,O,N,BrS requires Br, 25-5%). 

Methylation and Bromination of 2-A nilino-4-methylthiazole.—Methylation of the base (Young 
and Crookes, Joc. cit.) yielded 2-phenylimino-3 : 4-dimethyl-2 : 3-dihydrothiazole, m. p. 71—72°, 
alone and when mixed with a specimen synthesised from s-phenylmethylthiocarbamide (Found : 
S, 15-5. Calc.: S, 15:7%). The isomeric 2-phenylmethylamino-4-methylthiazole, prepared 
from as-phenylmethylthiocarbamide, formed a gum which did not solidify on keeping in a 
vacuum for several days; its picrate had m. p. 113—114° (Found: S, 7-2. C,,H,.N.S,C,H,O,N, 
requires S, 7-4%). 

Bromination of 2-anilino-4-methylthiazole yielded a red unstable hydropentabromide of 
5-bromo-2-anilino-4-methylthiazole, m. p. 121—122° [Found: 69-7. C,H,N,BrS,HBr(Br,) 
requires Br, 71-6%]. The dbase, obtained by reduction with sulphurous acid, had m. p. 131—132° 
(decomp.) (Found: Br, 29-3. C,)H,N,BrS requires Br, 29-7%); its mixture with 2-p-bromo- 
anilino-4-methylthiazole melted at 124°, after sintering at 118°. 

5-Bromo-2-phenylimino-3 : 4-dimethyl-2 : 3-dihydrothiazole hydrotribromide formed small red 
crystals, m. p. 127—128° [Found : Br (total), 61-4; Br (labile), 29-0. C,,H,,N,BrS,HBr(Br,) 
requires Br (total), 61-1; Br (labile), 30-5%]; the base formed needles, m. p. 123° (Found : 
Br, 28-4. C,,H,,N,BrS requires Br, 28-3%). 
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255. The Synthesis of 2: 3: 6-Tribenzoyl a-Methylglucoside. 
By D. J. BELL. 


THE importance of sugar derivatives substituted in positions 2, 3, and 6 by acyl groups is 
well known, but there is no recorded synthesis of «-glucosides of this type. Such a synthesis 
is now described, and the constitution of the product established. 

Several workers have utilised the greater activity of primary than of secondary alcoholic 
groups in a sugar towards acylating agents in order to introduce substituents into position 
6 only (see Ohle and Dickhauser, Ber., 1925, 58, 2593; Oldham and Rutherford, J. Amer. 
Chem. Soc., 1932, 54, 366; Levene and Raymond, J. Biol. Chem., 1932, 97, 763). In the 
present instance 2 : 3-dibenzoyl «-methylglucoside was treated with 1-2 mols. of benzoyl 
chloride in pyridine, and crystalline 2 : 3 : 6-tribenzoyl a-methylglucoside obtained in fair 
yield, its constitution being established through the following considerations : 

(i) Oldham and Rutherford (loc. cit.) have shown that, under specified conditions, a 
toluenesulphonyl group in acylated and methylated glucoses can be replaced by iodine 
only when it occupies position 6. The new tribenzoate yielded a crystalline p-toluene- 
sulphonate which did not react in this way, whereas 2 : 3 : 4-tribenzoyl 6-f-toluenesulphonyl 
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a-methylglucoside (Helferich and Becker, Annalen, 1924, 440, 1) gave quantitative re- 
placement. 

(ii) 2 : 3-Dibenzoyl 4 : 6-di-p-toluenesulphonyl a-methylglucoside was prepared and con- 
verted successively through the 6-iodo-4-toluenesulphonyl and 4-toluenesulphonyl derivative 
into 2 : 3: 6-tribenzoyl 4-p-toluenesulphonyl a-methylglucoside, identical with the toluene- 
sulphonate of the new tribenzoate. 


EXPERIMENTAL. 


(Unless otherwise stated, solvents were removed under reduced pressure. Polarimetric 
observations were made in 2-dm. tubes.) 

2 : 3-Dibenzoyl a-Methylglucoside (1)—Three separate preparations showed, in chloroform, 
[a}} + 165-6°, and in alcohol, + 157-0° (Mathers and Robertson, J., 1933, 1076, give 102-5° 
and 154-4° respectively) (Found: OMe, 7-6; C,H,°CO, 52-0. Calc. for C,,H,,0,: OMe, 7-7; 
C,H,°CO, 52-2%). 

2: 3-Dibenzoyl 4: 6-Diacetyl a-Methylglucoside (I1).—2-00 G. of (I) were acetylated with 
acetic anhydride and sodium acetate; yield, 2-25 g. (93%); needles, from alcohol, m. p. 125— 
126°; [a]}}° (chloroform) + 138-1°. Brigland Griiner (A unalen, 1932, 495, 60) give [a], + 141-6° 
(Found: C, 61-5; H, 5-1. Calc. for C,;H,,0,,: C, 61-7; H, 5-4%). 

2:3: 6-Tribenzoyl a-Methylglucoside (III).—1 Mol. of (I) was dissolved in the minimum of 
dry pyridine, and 1-2 mols. of benzoyl chloride added with cooling. The whole was kept at 
room temperature for 24 hours, water was then added, and after an hour the product was 
extracted with benzene in the usual way. The dried benzene solution was concentrated to a 
thick syrup, and light petroleum added, an oil being precipitated. Further treatment of the 
oil with light petroleum gave a friable solid, which crystallised on standing in contact with 
75% spirit. The crude crystals were dissolved in chloroform (1 vol.) and ether (2 vols.), and 
light petroleum was added to turbidity; large prisms separated, m. p. 126—132°; yield 60— 
65%. Recrystallisation from methyl alcohol containing a little water raised the m. p. to 132— 
133°; [a]i® (chloroform) + 141-1° (c = 3-480), + 141-05° (c = 4-263) (Found: OMe, 6-2; 
C,H,°CO, 62-1; C, 66-0; H, 5-3. C,,H,,O, requires OMe, 6-2; C,H,°CO, 62-3; C, 66-4; 
H, 5-1%). 

2 : 3-Dibenzoyl 4 : 6-Di-p-toluenesulphonyl a-Methylglucoside (IV).—2-00 G. of (I) were dis- 
solved in the minimum of dry pyridine, a 50% excess of p-toluenesulphonyl chloride added, 
and the whole kept at 30° for 5days. After the usual procedure, the crude product was obtained 
as a colourless glass which crystallised on trituration with alcohol—acetone (equal parts); 
needles, m. p. 122—124°; yield, 3-50 g. (85%); [«]}® (chloroform) + 94-58° (c = 4-100) (Found : 
OMe, 4:8; C, 58-97; H, 4-9. C3;H,,0,.S, requires OMe, 4-4; C, 59-15; H, 4:8%). 

6-lodo-2 : 3-dibenzoyl 4-p-Toluenesulphonyl a-Methyiglucoside (V).—This compound was 
prepared from (IV) by Oldham and Rutherford’s sodium iodide—acetone method in theoretical 
yield. The crude product was a colourless glass which crystallised in contact with a mixture 
of equal parts of acetone and alcohol; needles, m. p. 136°, not raised by recrystallisation ; [a]; 
(chloroform) -++ 90-9° (c = 2-24) (Found: OMe, 4-7; I, 18-9. C,,H,,O,SI requires OMe, 4:9; 
I, 19-0%). 

2: 3-Dibenzoyl 4-p-Toluenesulphonyl a-Methylglucoside (V1).—This was obtained from (V) 
by treatment with silver nitrate in acetonitrile (Oldham and Rutherford), a mixture of nitrate and 
hydroxy-derivative being obtained. The mixture was converted directly into the pure 
hydroxy-compound by reduction with zinc and iron in glacial acetic acid. The over-all yield 
was 89-4% of needles (from alcohol), m. p. 179—180°, [a]j§° (chloroform) + 106-3° (Found 
OMe, 5:5; S, 5°8. CygH,,0i95 requires OMe, 5-6; S, 5-8%). 

2:3: 6-Tribenzoyl 4-Toluenesulphonyl a-Methylglucoside (V11).—(a) From (VI). 2-00 G. 
of (VI) were benzoylated in pyridine, two treatments at 30° for 4 days being necessary. The 
crude product (1-95 g.; 82%), needles, m. p. 155°, was recrystallised from alcohol—acetone 
(5:1), and then had m. p. 158—160°; [a]j}° (chloroform) + 104-2° (Found: OMe, 4-8; S, 
4-7; C, 63-0; H, 5-1. C,;H;,0,,S requires OMe, 4-7; S, 4-8; C, 63-6; H, 4-8%). 

(b) From (III). 0-2695 G. of (III) was treated exactly as in (a) but with p-toluenesulphony! 
chloride. The final yield of pure crystals was 0-2674 g. (76-5%), m. p. 158-5—169°; [a] 
(chloroform) -+- 104-2° (Found: OMe, 48%). The mixed m. p. of (a) and (b) showed no de- 
pression. The preparations were unaffected by sodium iodide in acetone at 100° during 2 hours, 
indicating that the toluenesulphonyl group did not occupy position 6. 

The m. p. was depressed to 135—140° on admixture with 2: 3: 4-tribenzoyl 6-p-toluene- 
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sulphonyl «-methylglucoside (VIII), m. p. 164° (Helferich and Becker, Joc. cit., give 166°, corr.) ; 
[a]}~ (chloroform) 64-48° (c = 2-980). 

6-Iodo-2 : 3: 4-tribenzoyl «-Methylglucoside (IX).—This substance was obtained in theoretical 
yield from (VIII) by the sodium iodide reaction ; it crystallised from alcohol and ether in needles, 
m. p. 99—100-5°, [«]if (chloroform) + 42-29° (c = 4-102) (Found: OMe, 4:9; I, 20-5. Calc. 
for Cy,H;,0,I : OMe, 5-0; I, 20-7%). 

2:3: 4-Tribenzoyl a-methylglucoside was obtained as a yellow glass (0-785 g.) when 1°004 g. 
of (IX) were treated as described for (VI) ; it was induced to crystallise by the method employed 
for (III). Recrystallisation from methyl alcohol containing a little water gave needles, m. p. 
140—142°; mixed m. p. with (III), 104—125°; [«]jf° (chloroform) + 54-8° (c = 3-442); 
(pyridine) + 131-4° (c = 3-147). Helferich and Becker (loc. cit.) give [«]p (pyridine) + 131-4°, 
but do not record an m. p. 


The author wishes to acknowledge the hospitality accorded to him by Professor J. C. 
Drummond. 
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256. The Valency Angle of Oxygen. 
By G. M. Bennett, D. P. Earp, and S. GLASSTONE. 


It has been shown (this vol., p. 128) that the large dipole moment (1-5 D) of thianthrene 
implies that the valency bonds of sulphur in this compound make an angle of less than 120° 
with one another, and consequently the natural valency angle of sulphur is also less than 
120°. It seemed of interest, therefore, to study the polarisation of the corresponding 
oxygen compound, diphenylene dioxide, in order to obtain information on the valency 
angle of oxygen. Measurements have now been made in carbon tetrachloride, cyclohexane, 
and benzene solutions, and the results show that the substance has no appreciable dipole 
moment. A small consistent difference between the total and the electron polarisation 
appears from the observations in carbon tetrachloride solutions, but this is probably due 
to a compound with the solvent rather than to the diphenylene dioxide itself. 

The zero dipole moment of the dioxide indicates that the molecule is planar with an 
angle of about 120° between the oxygen bonds; the minimum value for the natural valency 
angle of oxygen in compounds of the same type must thus be 120°. Although there is 
evidence that in water (Barnes, Proc. Roy. Soc., 1929, 125, A, 670; Mecke, Baumann, and 
’ Freudenberg, Z. Physik, 1933, 81, 313, 445, 465; van Vleck and Cross, J. Chem. Physics, 
1933, 1, 357), dimethyl ether (Pai, Curr. Sci., 1934, 2, 386), and arsenious and antimonous 
oxides (Bozorth, J. Amer. Chem. Soc., 1923, 45, 1621) the oxygen bond angle is 110° or 
less, yet an analysis of the dipole moments of some diphenyl ethers (Bennett and Glasstone, 
Proc. Roy. Soc., 1934, 145, A, 71) indicates that in these substances the angle is probably 
larger than the tetrahedral value. Recently, Hampson (Faraday Soc. Discussion, April, 
1934), using another method, has calculated from similar data values of 124—132° for 
the oxygen-bond angle in these ethers. Since diphenylene dioxide may be regarded as a 
substituted diphenyl ether, the result of the present work is consistent with these con- 
clusions. It is important to emphasise, however, that there is no justification for supposing 
that the valency angle of oxygen in other compounds is necessarily the same as in the 
diphenyl ethers. 


Preparation of Diphenylene Dioxide.—The procedure described in D.R.P. 223,367 (1910) 
(Friedlander, Val. X, 155) suggested a more convenient method than that used by Ullmann and 
Stein (Ber., 1906, 39, 623); the claim there made, however, appears to be exaggerated. The 
substance was obtained readily, although in poor immediate yield, by mixing o-bromophenol 
(28 g.), powdered potassium hydroxide (7 g.), and copper powder (1 g.) in a retort, and heating 
the mixture at atmospheric pressure so long as any distillate came over. Water and bromo- 
phenol distilied, and the diphenylene dioxide (1 g.) was obtained by collecting the whole distil- 
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late, making it alkaline, and filtering. The product after crystallisation from light petroleum 
was pure (m. p. 121°). The use of reduced pressure did not appear to be of any advantage. 
In the absence of copper powder the yield was extremely small. 

Measurement of Dipole Moment.—The experimental details were the same as in the previous 
work (Joc. cit.), and all measurements were made at 20-0°. The results obtained are given 
below, w, and w, being the weights of solvent and solute, respectively, and the other symbols 
having their usual significance; the method of calculating the polarisations was the simplified 
one which does not involve the use of molar fractions (cf. de Bruyne, Davis, and Gross, ]. Amer. 
Chem. Soc., 1933, 55, 3936; Sugden, Faraday Soc. Discussion, April 1934). 





W).- Ws. Np. €. d. Px. P3. 
Carbon tetrachloride solutions. 
105°55 4:0094 1°46819 2-271 1-5782 53°1 58°7 
106-24 3°0822 1-46681 2-269 1-5819 54°2 60°9 
106-58 2°0467 1-46423 2-255 1-5860 52-9 56°5 
102-95 1:0912 1-46304 2-252 1-5896 55°7 61-4 
Pure CCl, 1-46025 2-243 1-5943 26°47 28°28 
cycloHexane solutions. 
49°305 2:0064 1°43117 2-045 0°7895 54:1 53°7 
47°862 1-5152 1-43006 2-042 0°7870 54:0 53-2 
47°959 1-0806 1°42906 2-039 0°7847 54°5 52°4 
Pure C,H,, 1-42634 2-032 0°7784 27°71 27°65 
Benzene solutions. 

54°672 3°0246 1°50395 2-304 0°8897 53°6 59°1 
54°411 2°0725 1:50237 2°295 0°8858 53°4 57:1 
53°985 10177 1-50088 2°287 0°8809 54°3 55°3 
Pure C,H, 1-49929 2-281 0-8763 26°15 26°65 


It is evident from these results that the dipole moment of diphenylene dioxide is either very 
small or zero. 


We thank the Department of Scientific and Industrial Research for a maintenance grant 
to one of us (D. P. E.), and Mr. F. A. Fidler, B.Sc., for assistance in the preparational work. 
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257. The Problem of Chemical Linkage. Part I. An Interpretation 
of Valency on the Basis of Wave-Mechanics and Band Spectra. 


By Ropert F. HunTER and RUDOLF SAMUEL. 


It becomes increasingly evident that certain assumptions of current electronic theories 
of chemistry are physically unsound, and the object of these papers is to apply knowledge 
obtained from band spectroscopy and wave-mechanics to the problem of valency and 
molecular structure. This has led us, we believe, to a generalised theory in which many of 
the major difficulties have been overcome. 

Fundamental Wave-mechanical Principles—The problem of chemical linkage can be 
approached by means of wave-mechanics from two entirely different points of view. The 
original theory of London (Z. Physik, 1928, 46, 455), which belongs to the “ electron-pair 
bond theories,’ considered neutralisation of electronic spin of primary importance, but 
led to an unsatisfactory generalisation, since it dealt only with configurations of atoms 
possessing uncounterbalanced spin. Hund has shown (7bid., 1932, 78, 1 ; 74, 429), however, 
that the essential feature of chemical combination consists in the entry of electrons, 
originating in different atoms, into the same group in the electronic configuration of the 
molecule, neutralisation of spin being more in the nature of the operation of Pauli’s 
principle (cf. also Slater, Physical Rev., 1931, 37, 481; Pauling, J. Amer. Chem. Soc., 
1931, 58, 1367, 3225). Recently, an alternative method of approach has been developed 
by Mulliken (Chem. Reviews, 1931, 9, 347; Physical Rev., 1932, 41, 49) and Herzberg 
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(Leipziger Vorirége, 1931) which may be termed the “ theory of molecular orbitals.” * 
It must be clearly understood that both theories commence with postulates, since actual 
wave-mechanical calculations are only possible in cases of the simplest diatomic molecules. 
The former commences with the postulate that covalent linkage is always due to the 
formation of pairs of electrons originating in different atoms, whereas the theory of 
molecular orbitals assumes that single electrons are already capable of contributing to 
chemical linkage (in a positive or negative sense) irrespective of the atoms from which they 
originate. The pair theory therefore explains the saturation of valency, while the theory 
of molecular orbitals can only accomplish this by the introduction of further assumptions, 
which are in reality generalisations of pre-wave-mechanical theories, ¢.g., the “ octet rule.” 

The validity of the foundation postulate of the pair-bond theory rests on the fact that 
the bonding power of an electron pair has been established by actual wave-mechanical 
calculation in a number of cases (e.g., hydrogen; Heitler and London, Z. Physik, 1927, 
44,455). It can be shown, however, that a single electron does not possess bonding power, 
since the formation of the hydrogen molecule ion [H,]*, which is quoted as a proof of the 
theory of molecular orbitals (Mulliken, Joc. cit.), depends essentially on the identity of the 
two positive hydrogen nuclei (Teller, Z. Physik, 1930, 61, 458), and this case has therefore 
nothing to do with ordinary chemical linkage. 

Some electronic groups of diatomic molecules possess a maximal number, not of two, 
but of four electrons, and chemical combination occurs in reality between an electron of 
one atom and the whole electronic configuration of the second. In polyatomic molecules, 
however, only groups with a maximal number of two electrons occur, and since we are 
primarily concerned with the development of a simple theory which is workable from the 
point of view of chemistry, chemical combination may be regarded as the entry of an 
electron of one atom along with an electron of the second into the same energetic group 
of the molecule. Lewis’s original conception of two shared electrons per covalency is 
therefore correct in a certain sense, although recent investigations of the band spectra of 
diatomic molecules of the type of beryllium oxide indicate that there is no justification 
for many of the later developments of this theory. Thus the outer electrons of the atoms 
of Group IT possess in their lowest energy level the configuration s*, and it has been shown 
by London (loc. cit.) that this sub-group cannot form a chemical linkage until it has under- 
gone fission and at least one electron has been transferred to the f-group. This has been 
generalised by Hund (loc. cit.) to show that neither between the groups (s)(s?) nor between 
the group (s*) and a group (*) or (p*) is chemical linkage possible. Moreover, Herzberg 
(loc. cit.) has shown experimentally that the ground level of beryllium oxide possesses 
a single covalency, formed between unexcited oxygen and beryllium in the next higher 
term in which it possesses one s and one # electron; the double bonded structure Be = O 
occurs only in an excited level of the molecule (Lessheim and Samuel, Z. Physik, 1933, 
84, 637). Particular interest attaches to these results since the s* group constitutes the 
“lone pair” of electrons to which the formation of co-ordinate covalencies is attributed 
in current theories. Attention may also be directed to the odd-electron molecule of nitric 
oxide, which in its ground level possesses the configuration 


K ,K,2s07(2s)3p 02 (2s) 2px*(2p)3d 0?(2p)3dn(2p) 


in which the 2px and 3dc* groups contain two #-electrons of nitrogen and the four #- 
electrons of the oxygen atom (Lessheim and Samuel, Joc. cit.). If one of these is excited, 
the molecule as a whole passes from its ground level *x (yx) to the excited *x (B) term; 
the dissociation energy being decreased thereby from 6-7 electronic volts (ca. 154,000 cals.) 
to 4:5 electronic volts (ca. 103,000 cals.), due to the rupture of one pair of sharing electrons. 
If, however, the single 3dx electron which constitutes the free valency of the molecule is 


* The theory of molecular orbitals as a theory of chemical linkage must, of course, be distinguished 
from the method of molecular orbitals used in calculating the terms and electronic configurations of a 
system of two or more atoms (Lennard-Jones). As a matter of principle, its results will include all 
attractive and repulsive terms of the system, and since it is not clear in which way intersections of 
terms occur, it cannot determine the energetic order of electronic levels without further assumptions. 
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excited, the dissociation energy increases to 10-7 electronic volts in the 72 term, whose 
origin is the combination of an oxygen atom with an atom of nitrogen possessing the 
electronic configuration 2s*373s. This indicates that, so long as the odd electron is 
unshared, it tends to disturb the linkage in such a way that the latter increases in strength 
the further the electron is removed, the free valency belonging essentially to nitrogen. 

It is therefore clear that in the formation of a molecule two effects have to be considered, 
the first of which consists in the entry of electrons originating in different atoms into the 
same group in the molecule. This is of fundamental importance since on it depends 
whether chemical linkage can occur, and how many linkages can be produced. Super- 
imposed on this, there is a second effect, termed by Mulliken (loc. cit.) the “‘ premotion ”’ 
of electrons, which depends essentially on the fact that electronic groups may be bound in 
the molecule in an energetical order other than they possessed in the original atom. This 
may influence the energy of the bond as indicated by its heat of dissociation, but the effect 
is only of second order in importance, and is insufficient to cause chemical combination 
(Hund, Joc. cit.). 

The Octet Rule, Co-ordinate Covalency, the Semipolar Double Bond, and the Theory of the 
Singlet Linkage.—It is clear that the pair-bond theory recognises therefore only one form 
of non-electrovalent linkage, and if strictly followed does not lead to the octet rule. It is 
true that, if only negative valency is considered, oxygen for instance being regarded as 
possessing two gaps in its electronic configuration relative to neon, octet formule can be 
constructed for molecules such as Ng, O, and F;. Obvious difficulties occur, however, 
with regard to positive covalency, as is indicated in the following table, in which the 
numbers of electrons in the outside shells around the central atoms are given below the 
formule for the molecules concerned. 

AgCl. BeCl,. BCI. CF,. PF,. SF,. 
2 4 5 8 10 12 
PCl, sO, 

4 6 8 


SO 
4 


This was evidently the genesis of assumptions such as those of the semipolar double bond 
and the singlet linkage. It is instructive to note, however, that the first line of figures 
represents exactly double the total number of valency electrons (s + #) of the atoms 
concerned, and that those of the second line are double the number of #-electrons of these 
elements. 

The theory of co-ordination, as postulated for the case of the nitro-group (Sidgwick, 
“The Electronic Theory of Valency,” 1929, p. 65), involves the transfer of the lone pair 


of electrons of the nitrogen atom of the nitroso-group to a second oxygen atom, 


The lone pair constitutes, however, a closed helium-like group which cannot undergo 
chemical reaction until it is split, and nitrogen assumes the excited #*® state. When this 
occurs, the five linkages originated by five identical #-electrons are equivalent, and the 


correct formula for the radical is therefore N<. This is in agreement with the 


equivalence of the two oxygen atoms (Ingold, J., 1933, 1120) established by the zero 
dipole moments of -dinitrobenzene and 4: 4’-dinitrodiphenyl (Williams, Physikal. Z., 
1928, 29, 174, 683). The high dipole moment of the nitro-group should therefore be 
regarded as the vectorial sum of the two linkages between nitrogen and oxygen, and it is 
interesting to note that the infra-red spectrum of sulphur dioxide indicates a similar 
equivalence of the two oxygen atoms in this molecule (Bailey and Cassie, Proc. Roy. Soc., 
1933, A, 140, 605). 

With regard to the parachor of nitro-compounds, Sugden, Reed, and Wilkins (J., 1925, 
127, 1185) assume that nitrogen possesses a constant value of 12°5, and attribute the 
difference between the calculated and the empirical parachors of nitro-compounds to a 
difference in the mode of linkage of the second oxygen atom. There is clearly the 
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alternative possibility, however, that nitrogen possesses different parachor values in the 
ter- and the quinque-valent state, and this interpretation of Sugden’s observations has 
already been suggested by Sippel (Ber., 1930, 68, 2185), since the reverse distribution is 
conventionally assumed in molecular refractivity, which is very closely allied to the 
parachor.* 

Whenever the s? group is split to obtain bonding power, the electrons form closed groups 
in the molecule, together with the electrons of the second partner. If, therefore, it is 
assumed that, in co-ordination, two electrons enter the molecule without sharing with 
electrons of the acceptor and remain a separate group in the electronic configuration of 
the product, no chemical union has occurred. If, on the other hand, it is assumed that 
they form a group or groups with the electrons of the acceptor, no distinction is possible 
between the linkages formed in this way and what Sidgwick terms “‘ normal ”’ covalencies. 

Lowry’s view that a semipolar double bond consists of a covalency and an electrovalency 


é 
(J., 1923, 123, 822, and later), symbolised as N<O for the nitro-group, is not excluded 


8 
by wave-mechanical principles in the present state of knowledge. On the basis of this, 
the formation of the nitro-group is evidently to be interpreted as the fission of the s* group 
of the nitrogen atom of the nitroso-group with the transference of an electron to the 
oxidising oxygen atom, followed by the combination of this ion O~ with the nitroso-cation 
by means of an additional covalency : 


R—N=0 + 6>R-N<O 
i=) 


This interpretation of co-ordination excludes, however, all cases of combination in which 
the acceptor does not possess a high electronic affinity ; 7.e., all cases in which the acceptor 
does not possess at least half the f-electrons of the next inert gas, and all those in which 
the electro-affinity is already saturated. The only cases which need be considered are, 
therefore, those compounds which in pre-electronic formulation received double bonds 
connecting atoms possessing considerable electronic affinity. (e.g., nitrogen peroxide, 
sulphur trioxide, etc.). It can be shown, however, that such linkages will not occur for 
energetical reasons, since the ordinary covalent structures represent a much lower energy 
level, due to the very high energy of ionisation of s-electrons (e.g., 25-3 electronic volts 
for nitrogen). 

It is clear that remarks similar to those made with regard to co-ordinate covalency 
are applicable to the theory of singlet linkages (Prideaux, Chem. and Ind., 1923, 42, 672; 
Sugden, J., 1927, 1176, and later). Either the electron of the singlet forms a group together 
with one or more electrons of the second atom, in which case it is an ordinary covalency, 
or it is alone in a separate group and cannot therefore constitute a genuine chemical 
linkage. The suggestion made by one of us (Hunter, J., 1930, 125), that the labile bromine 
atoms in compounds of the type of benzthiazole dibromide are linked to the ring nitrogen 
atom by means of single electronic linkages, is therefore withdrawn. 

Attention may now be directed to certain cases in which the octet theory appears to 
be formally correct, but leads actually to results which are inadmissible in the light of 
spectroscopic evidence. The simplest of these is probably furnished by the oxygen molecule, 


> + 3.u 
which is usually written : O : O “v1 Actually, however, the “ octet ” is not a closed and 
stable configuration, since the lowest energetic level of the molecule is a *Z and not a1 
term, indicating that there are two x electrons whose spin is uncounterbalanced in an 
unclosed group, which would be #-electrons in the separate atoms. The molecule therefore 
possesses paramagnetic properties and should be written —O—O, and in this connexion 
it is interesting to note that hydrogen peroxide has now been isolated in a second form 


* The optical activity of the toluenesulphinic esters discovered by Phillips (J., 1925, 127, 2552) is 
no proof of the existence of the alleged semipolar double bond in such compounds. The necessary 
condition for optical activity is that sulphur should occupy the apex of the tetrahedron, and that it 
should possess strong positive polarity. 
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which appears to possess the structure >>0=0 (Geib and Harteck, Ber., 1932, 65, 


B, 1551). Similarly, molecules such as those of the halogens are known to exhibit definite 
dipole moments although the atoms concerned should clearly be equivalent on the basis 


of octet formule of the type : X + X:. 


Another very serious difficulty in connexion with conventional electronic theories of 
valency is the facile transition from covalency to electrovalency. For instance, the band 
spectrum of silver chloride indicates that it is covalent in the gaseous state (Franck and 
Kuhn, Z. Physik, 1927, 43, 164, and later), but in the fused state and in solution it is 
obviously electrovalent. Similarly, hydrogen chloride is covalent in the gaseous and the 
liquid state and heteropolar in aqueous solution. 

Sidgwick (0. cit., p. 72) has explained the existence of the polymerised form of hydrogen 
fluoride and the double salt KF,HF by an expansion of the valency group of hydrogen to 
four, which Sugden (‘‘ The Parachor and Valency,” 1930, p. 149) has criticised as a 
violation of Pauli’s principle. The later contention of Sidgwick and Bayliss (J., 1930; 2027), 
that a second quantum group is permissible on Pauli’s principle, is, however, meaningless, 
since wave-mechanical calculations prove that it is impossible for electrons to enter the 
2s group while the ls group already possesses its maximum number of electrons, and the 
curve of the potential energy of the third electron has no minimum and exhibits only 
repulsion from the system. If the filling up of the higher groups did not depend also on 
nuclear charge, then clearly ions such as [He]- and [He}]~~ should be capable of existence. 
In our view, the polymerisation of hydrogen fluoride and the existence of Frémy’s double 
salt are merely the result of enhanced dipole association whose occurrence is mainly 
observed in the first period on account of the small dimensions of these elements. 

Similar remarks apply also to the alleged [F>BF,]- ion (Sidgwick, op. cit., p. 68), 
since [BCl,]- ions do not exist. There appears to be nothing in the properties of the 
fluoroborates themselves which calls for special explanation, since the recrystallisation 
of these salts is known to give rise to mixtures containing alkali fluorides and metaborates 
(Mellor, ‘‘ A Comprehensive Treatise, etc.,’’ Vol. VI, 944). Furthermore, Ulich and his 
collaborators have shown (Z. angew. Chem., 1931, 44, 750; Z. physikal. Chem., 1932, B, 
16, 153, and later) that the complexes formed by the boron and the aluminium trihalides 
and the dihalides of beryllium with amines and alcohols are mere loose dipole associations, 
and that there is therefore no evidence of “ octet completion ” of the type, Cl,Al> NHsg, 
pictured by Sidgwick (loc. cit.). The chemical individuality of the supposed silicofluorides 
appears to be of a similar doubtful character (Mellor, of. cit., Vol. V, 124), and in our opinion 
there is no comparison between the existence of the alleged co-ordinated [SiF,]-~ ion and 
that of sulphur hexafluoride (Sidgwick, of. cit., p. 68), since the stability of the latter arises 
from the fact that sulphur possesses six valency electrons, and not from the presence of a 
hypothetical dodecet group of electrons. 

The Theory of a Single Form of Non-electrovalent Linkage.—It is our view, therefore, 
that there is only one form of chemical linkage, viz., covalency, whose polarisation may vary 
anywhere between the limits of zero in the hydrogen molecule and that of a true salt 
consisting of ions held together by electrostatic attraction; further, that chemical union 
consists always in the coupling of atoms by means of entry into the same group in the 
molecule of two electrons possessing anti-parallel spin. An atom which possesses at least 
half the #-electrons of the configuration of the next inert gas in the periodic system can 
take up additional electrons to obtain its closed shell, but in doing this it acquires a certain 
degree of negative character, and the atom the electron of which is bound by the whole 
electronic configuration of this negative partner acquires a corresponding degree of positive 
polarity. In any molecule, therefore, at least one atom must be regarded as the centre 
of positive polarity. In electrovalency such as occurs in Na*tCI-, the positive partner has 
completely relinquished its electron, which has been taken up by the #-electrons of the 
chlorine atom, the spin of the last of which it cancels with the formation of the [Cl] ion. 
In the covalent linkage between silver and chlorine in the vapour of silver chloride, however, 
the electron of the silver has shared the configuration of the chlorine nucleus but is still 
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partly governed by the electrical field of the silver atom. The metallic atom has not yet 
attained the krypton configuration, nor has chlorine wholly acquired the argon structure, 
but both are striving towards these ends, and the additional energy provided by fusion 
is sufficient to carry the process to completion. If this is taken as a typical case of 
covalency it follows that: (i) any atom may act as a positive partner in chemical combin- 
ation, a fact which is not obvious on the basis of current theory ; (ii) the maximal number of 
“ positive ’’ valencies of an atom is equal to the number of electrons in its outer shell; 
(iii) the transition from covalency to electrovalency depends merely on the energy with 
which the electrons of the positive partner are held to its nucleus and the electronic affinity 
of the negative partner. ; 

On the foregoing basis, the obvious difficulties with regard to valency numbers disappear. 
In the place of the octet rule, which is only successful in explaining the behaviour of 
Group IV and bivalency in Group VI, the fundamental basis of our theory becomes a closed 
group or sub-group residue, which may or may not be a group of eight electrons. Sulphur, 
which possesses six valency (two s and four #) electrons, therefore exhibits quadricovalency 
when only the latter are active as in sulphur dioxide, thionyl chloride, and sulphur 
monochloride (Lorenz and Samuel, Z. physikal. Chem., 1929, B, 14, 219), and hexacovalency 
as in sulphur hexafluoride and sulphur trioxide when the s* group is split and these electrons 
are also raised to the #-state : 


F F 
sanatieein ——S * —c Cl \eZ —o st 
O=—S—O O-S<¢] S=S<¢] os O-S< O 


In this connexion it will be observed that all the electrons of the sub-group become 
active together, explaining thereby the phenomenon of saturation of valency. By sharing 
with the electronic configuration of the negative partner, it will be seen that these electrons 
automatically become electrons of a closed group (12 term of the molecule), and this 
justifies us in considering only the residual outer electrons of the positive partner as regards 
stability of configuration. In quadrivalent sulphur, in its dioxide for instance, both 
oxygen atoms have completed their L shell and sulphur remains with its unshared electrons 
in the helium-like s? group. In the hexafluoride, however, sulphur is left with the K and 
L shells of the neon structure, all the outer electrons taking part in closed groups created 
by sharing with fluorine. 

That we are justified in regarding not only the closed shell but also the closed group 
as stable, follows from spectroscopical evidence. For instance, the spectroscopical 
indication of a stable group is a 12’ term, which, like the 1S) term of the inert gases, shows 
that all electronic vectors are counterbalanced. The 12 term is a property not only of 
molecules such as those of hydrogen fluoride, chlorine, and nitrogen, which possess octets, 
but also of the elements of Group II in which there are two s-electrons outside the closed 
shell. This enables us to carry over the simpler terminology of the electronic configurations 
of atoms (s or # electrons) to molecular structures (¢ or x) for the purpose of obtaining 
a working model which is still a reasonable approximation to atomic physics, but capable 
of application to complex chemical structures. 

The full import of these deductions will be seen by reference to the table on p. 1182. 
Iodine with the configuration s* > may possess any odd covalency between 1 in the 
monochloride and 7 in the heptafluoride, and aluminium exhibits stable tervalency in 
its chloride despite the fact that the octet of the central atom is incomplete. The difference 
between nitrogen and phosphorus with regard to ease of conversion from the ter- into the 
quinque-valent state arises, not from a difference of mechanism, but from the difference 
of energy with which the valency electrons are held to the nucleus (e.g., N = N®® + 
5e + 270 volts; P = P®® + 5e+ 170 volts); | quinquevalency being dependent, not 
only on the #-electrons, but also on the s-electrons which are held with an energy 
considerably greater than the former (e.g., P = P®® + 3e + 61 volts). Similarly, the 
elements of Group IV, which contain two #-electrons and two s-electrons in their outer 
group, are capable of exhibiting bivalency and quadrivalency, in which connexion attention 
may be directed to the structure of carbon monoxide. 
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It is by no means clear which electrons are supposed to be responsible for the alleged 
co-ordination C = O (Hammick, New, Sidgwick, and Sutton, J., 1930, 1876). The known 
physical facts regarding this molecule are as follows. The ground level, like that of CSi 
and SiO, is a 12’ term, and six #-electrons, only two of which originate from carbon, form a 
n4(2p) and a o*(24) group. Carbon monoxide is therefore saturated, and possesses the 
classical formula C—O, and one of its o%(2s) groups must undergo fission with the 
production of an excited carbon atom before it can give rise to the dioxide or to carbonyl 
chloride. The carbonyl group cannot therefore possess the same configuration as carbon 
monoxide, and the comparison of dipole moments of bi- and quadri-valent compounds 
of carbon (Hammick, New, Sidgwick, and Sutton, Joc. cit.) cannot be accepted as any 
proof of the existence of a third linkage in the molecule. The high frequency of the Raman 
effect, or, in other words, the high dissociation energy of the molecule, does not appear so 
exceptional as to require special explanation. Thus the energy of dissociation for a single 
covalency, as deduced from band spectra in the first period, is 4-9 electronic volts for the 
link H-O, 5-8 for Be—O, 6-6 for B—O, and the double link in nitric oxide has a value of 6-7 
as long as it is disturbed by the proximity of the odd electron, which rises to 10-7 as soon 
as this is removed to the next group. The value of 10 volts for the double bond in carbon 
monoxide is therefore perfectly reasonable. It may also be noted that Pauling’s deductions 
with regard to the structure of this molecule (J. Amer. Chem. Soc., 1932, 54, 988) are 
incorrect both on the basis of his assumed value of 3 volts per covalency, and on the 
electronic configuration of the terms and their dissociation (Lessheim and Samuel, Curr. Sci., 
1934, 2, 347). é 

This paper has been confined to what, for the lack of a better expression, may be 
termed valency of the first order. The problem of the transition elements and the nature 
of Werner’s true complex salts and chelated compounds will be dealt with in a future 


communication. 


We wish to express our best thanks to Dr. Lessheim, of this University, for much helpful 
criticism with regard to the wave-mechanical aspects of this paper. 
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258. The Unsaturation and Tautomeric Mobility of Heterocyclic 
Compounds. Part V. Benzoxazoles. 


By R. D. Desal, R. F. HUNTER, and A. RAHMAN KHAN KHALIDI. 


It appeared of interest from the point of view of the theory of sextuple valency-group 
stability (Armit and Robinson, J., 1925, 127, 1605; Goss and Ingold, J., 1928, 1268; 
Hiickel, Z. Physik, 1931, 70, 204) to compare the behaviour of semi-cyclic triad systems 
containing an oxazole ring (I == II) with that of benzthiazole derivatives (Hunter, 
J., 1926, 1385; 1930, 125; Hunter and Jones, zbid., p. 2190). It has been found that 
these compounds exhibit a striking resemblance to their thiazole analogues with regard 
to behaviour towards alkylating agents and bromine, but nevertheless retain certain 
distinctive features of the oxazole ring system. 


(I.) oe = eae Cok (IL.) 
NZ \nryY 


1-Aminobenzoxazole (I == II; X=NH) could not be obtained from phenyl- 
carbamide and bromine under the usual conditions of thiazole cyclisation of 
arylthiocarbamides ; nuclear substitution occurred, with the production first of #-bromo- 
and then of 2:4-dibromo-phenylcarbamide. The base was obtained by the action of 
mercuric oxide on o-hydroxyphenylthiocarbamide, and also by treatment of 1-thiol- 
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benzoxazole (I == II; X = S) with ammonia. The presence of the p-amino-group was 
established by the formation of a diazonium chloride which coupled with alkaline £- 
naphthol to give an azo-dye, and was converted into 1-chlorobenzoxazole by the Sandmeyer 
reaction. On methylation, it yielded 1-imino-2-methyl-1 : 2-dihydrobenzoxazole (IIT), 
whose constitution follows from its hydrolysis to o-methylaminophenol; no evidence was 
obtained of the formation of the isomeric 1l-methylaminobenzoxazole (IV), which was 
synthesised from 1-thiolbenzoxazole and methylamine. Bromination of the amino-base 


- CHC -NH CH.” YC-NHMe (IV.) 
= NY 


in chloroform at low temperatures also gave a bromo-addition compound, which could 
not be isolated but readily passed into the hydrobromide of 5(? )-bromo-l-aminobenzoxazole. 

Substitution of a hydrogen atom of the l-amino-group by phenyl, however, stabilises 
the iminodihydro-form of the triad system, and the methylation of l-anilinobenzoxazole 
(I == II, X = NPh) gave rise to a mixture of 1-phenylimino-2-methyl-l : 2-dihydro- 
benzoxazole and 1-phenylmethylaminobenzoxazole, in which the former isomeride, 
derived from the amino-aromatic form (Burtles and Pyman, J., 1923, 123, 362; Hunter 
and Styles, J., 1928, 3019), was present in larger amount. Both were isolated as picraies. 

1-Hydroxybenzoxazole (I == II, X = O) was obtained by the action of carbonyl 
chloride upon o-aminophenol, from the hydrolysis of 1-chlorobenzoxazole (cf. Hunter, 
loc. cit.), and also from the condensation of o-aminophenol and chloroformic ester (Bender, 
Ber., 1886, 19, 2269). On methylation in alkaline medium, it behaved similarly to the 
l-hydroxybenzthiazoles and yielded 1-heto-2-methyl-1 : 2-dihydrobenzoxazole, and on 
bromination in chloroform it underwent nuclear substitution, presumably at the carbon 
atom para to the nuclear nitrogen atom. 

1-Thiolbenzoxazole (I == II, X = S) was obtained by pyrolysis of o-hydroxyphenyl- 
thiocarbamide, by the action of sodium hydrosulphide on 1-chlorobenzoxazole (cf. 
Hofmann, Ber., 1887, 20, 1778), and by the interaction both of thiocarbonyl chloride and 
carbon disulphide with o-aminophenol (Dunner, Ber., 1876, 9, 465). Methylation failed 
to yield a well-defined compound, but a mercuric chloride compound was isolated. 
1-Thio-2-methyl-1 : 2-dihydrobenzoxazole, however, was synthesised from the corresponding 
ketomethyldihydro-derivative and phosphorus pentasulphide. On bromination in chloro- 
form the thiolbenzoxazole gave rise to bromo-addition products which were evidently 
mixtures, since they yielded the original thiol derivative, a bromo-substitution derivative 
of this, and 1 : 1-benzoxazyl disulphide on reduction with sulphurous acid. 

In the course of the present investigation, unsuccessful attempts were also made to 
convert benzylidene-o-aminophenol into 1-phenylbenzoxazole by oxidation with both 
hydrogen peroxide and potassium ferricyanide. The phenyloxazole (VI) was, however, 
obtained by heating a mixture of o-aminophenol and benzaldehyde for several hours, a 
reaction which most probably takes place by way of the 1 : 2-dihydro-derivative (V) 
(cf. Bogert and Stull, J. Amer. Chem. Soc., 1925, 47, 3078). 


(V.) (VI.) 


CH, CHPh — > CH ycPh 
NH NF 


EXPERIMENTAL. 


Bromination of Phenylcarbamide.—(i) A solution of phenylcarbamide (1 g.) in chloroform 
(20 c.c.) was treated with bromine (1 c.c. in 2 c.c. of the same solvent) at 0°, and kept 
over-night. The product which crystallised did not contain labile halogen, and on treatment 
with sulphurous acid and then with ammonia yielded ~-bromophenylcarbamide, identified 
by m. p. (278°) and by hydrolysis to p-bromoaniline. (ii) A repetition of this experiment at 
40—50° yielded 2: 4-dibromophenylcarbamide, m. p. 200° (Bertram, Ber., 1892, 25, 48) 
(Found: Br, 54-9. Calc. for C,H,ON,Br,: Br, 54-4%), which was hydrolysed to 
2: 4-dibromoaniline. 

1-A minobenzoxazole.—o-Hydroxyphenylthiocarbamide, prepared by heating a mixture of 
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o-aminophenol (15 g.), potassium thiocyanate (15 g.), and 10% hydrochloric acid (70 c.c.) at 
100° for 6 hours, separated in 60% yield from alcohol in needles, m. p. 162°. A solution of 
this thiocarbamide (5 g.) in alcohol (50 c.c.) was treated with freshly precipitated mercuric 
oxide (15 g.), and the mixture heated on a water-bath under reflux for 8—10 hours. On 
recrystallisation from hot water, the aminobenzoxazole formed long flattened needles, m. p. 
130° (Bendix, Ber., 1878, 11, 2262). The acetyl derivative separated from alcohol in needles, 
m. p. 172°. The picrate (formed in benzene solution) crystallised from acetone in prismatic 
needles, m. p. 224° (sintering at 200°) (Found: C, 42-8; H, 2-6. C,H,ON,,C,H,O,N, requires 
C, 43-0; H, 2-5%). 

Methylation of 1-Aminobenzoxazole——A mixture of l-aminobenzoxazole (1 g.) and methyl 
iodide (1 c.c.) was heated in a sealed tube at 100° for 8 hours, and the product was basified with 
alkali, extracted with chloroform, and the chloroform removed on a water-bath; the methylation 
product solidified, and on recrystallisation from benzene—petroleum, 1-imino-2-methyl-1 : 2- 
dihydrobenzoxazole was obtained in small plates, m. p. 96° (Found : C, 64-6; H, 5-7. C,H,ON, 
requires C, 64-9; H, 54%). On being heated with concentrated hydrochloric acid for 2 hours 
and basified with ammonia, it yielded o-methylaminophenol, m. p. 129°. Its picrate separated 
from benzene in yellow needles, m. p. 189—190° (Found : C, 44-4; H, 3-2. C,H,ON,,C,H,O,N, 
requires C, 44-6; H, 2-9%); and its acetyl derivative formed plates from dilute alcohol, m. p. 
92° (Found : C, 63-1; H, 5-4. C,H ,,O,N, requires C, 63-2; H, 5-3%). 

Synthesis of 1-Methylaminobenzoxazole—-A mixture of 1-thiolbenzoxazole (1 g.) and 
methylamine (1 c.c. of 30% aqueous solution) was heated in a sealed tube at 100° for 8 hours, 
the mixture extracted with ether, the extract well washed with 10% sodium hydroxide to 
remove unchanged thiolbenzoxazole, dried, and the ether removed on a steam-bath; the 
methylaminobenzoxazole formed a gum which showed little tendency to crystallise, but its 
acetyl derivative crystallised in small prisms, m. p. 91° (Found: C, 63-0; H, 545%). A 
mixture of this with the isomeric 1l-acetylimino-2-methyl-1 : 2-dihydro-derivative melted at 
55—60°. 

Bromination of 1-Aminobenzoxazole.—(i) A solution of l-aminobenzoxazole in chloroform 
(1 g. in 20 c.c.) was treated with bromine (0-5 c.c. in 2 c.c. of chloroform) at 0°, and kept for 
3—4 hours in a freezing mixture; the hydrobromide of 5(? )-bromo-1-aminobenzoxazole then 
separated in white needles, m. p. 245° (Found: Br, 54-5. C,H,ON,Br,HBr requires Br, 
54-4%). A further quantity (m. p. 245°) was obtained from the yellow gum afforded by evapor- 
ation of the chloroform mother-liquors in a vacuum at room temperature. On basification 
with ammonia, the hydrobromide yielded 5(?)-bromo-l-aminobenzoxazole, which separated 
from dilute alcohol in prismatic needles, m. p. 194—195° (Found: Br, 37-45. C,H,ON,Br 
requires Br, 37-5%). (ii) In a similar experiment in which twice the quantity of bromine was 
employed, an oil was obtained, which on keeping yielded yellow needles of a hydrodibromide, 
m. p. 232° (decomp.; sintering at about 180°), after drying in a vacuum [Found : Br (total), 
64-3; Br (labile), 19-6. C,H,ON,Br,HBr(Br) requires Br (total), 64:2; Br (labile), 21-4%]. 
On reduction with sulphurous acid and basification with ammonia, the bromo-addition 
compound yielded the bromobenzoxazole, m. p. 194—195°. 

1-Anilinobenzoxazole was prepared both by the desulphurisation of o-hydroxy-s-dipheny]l- 
thiocarbamide in alcoholic solution by means of mercuric oxide, and, better, by a general 
method, viz., heating a mixture of 1-thiolbenzoxazole and aniline for 6 hours at 180° (Kalckhoff, 
Ber., 1883, 16, 1825; Young and Dunstan, J., 1908, 98, 1052). On recrystallisation from dilute 
alcohol, it formed needles, m. p. 194°. The picrate separated from benzene in yellow needles, 
m. p. 188° (Found: C, 51-7; H, 2-8. C,3H,ON,,C,H,O,N;, requires C, 51-8; H, 2-95%). 

1-p-Toluidinobenzoxazole, prepared by the second method above, separated from dilute 
alcohol in cubic crystals, m. p. 178° (Found: C, 74-8; H, 5-5. C,,H,,ON, requires C, 75-0; 
H, 53%). 

Methylation of 1-Anilinobenzoxazole.—A mixture of 1-anilinobenzoxazole (1 g.) and methyl 
iodide (2 c.c.) was heated in a sealed tube at 100° for 12 hours, and the product was basified 
with warm alkali, and extracted with ether. The resulting gum showed little tendency to 
crystallise and was therefore dissolved in acetone and treated with picric acid (1-2 g.) in the 
same solvent, 0-8 g. of the picrate of 1-phenylimino-2-methyl-1 : 2-dihydrobenzoxazole being 
obtained; on recrystallisation it formed yellow needles, m. p. 156° (Found: C, 52-7; H, 3-6. 
C,,4H,,ON,,C,H,O,N, requires C, 53-0; H, 3-3%), unaffected by further recrystallisation but 
depressed by admixture with the following picrate. The first acetone mother-liquors, on 
evaporation and recrystallisation of the product from benzene, yielded yellow needles of the 
picrate of 1-phenylmethylaminobenzoxazole, m. p. 176° (Fourid : C, 52-8; H, 3-5%). 
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Synthesis of 1-Phenylaminobenzoxazole Picrate——A mixture of 1-thiolbenzoxazole (1 g.) and 
methylaniline (1 g.) was heated in a hard-glass tube at 170—180° for 6 hours, hydrogen sulphide 
then being no longer evolved; the product was extracted with ether, and the extract washed 
with dilute sodium hydroxide, dilute hydrochloric acid, and dried. The gum obtained by 
removal of ether was dissolved in benzene and treated with the theoretical quantity of picric 
acid in the same solvent, whereupon the picrate of 1-phenylmethylaminobenzoxazole was 
obtained, m. p. 175—176° alone and when mixed with the specimen obtained as above. 

Synthesis of 1-Hydroxybenzoxazole.—(i) 1-Chlorobenzoxazole. An unsuccessful attempt was 
made to obtain this compound by heating phenylcarbimide and phosphorus pentachloride 
together in a sealed tube at 165—170° for 6 hours (cf. Hofmann, Ber., 1879, 12, 1126; 1880, 13, 8), 
but the main product was s-diphenylcarbamide, long prismatic needles, m. p. 236—237°. 
The chlorobenzoxazole was therefore prepared from l-aminobenzoxazole (cf. Hunter and Jones, 
J., 1930, 2190). A solution of l-aminobenzoxazole (1 g.) in dilute hydrochloric acid (10 c.c.) 
was cooled to 0°, treated with sodium nitrite (0-6 g. in 6 c.c. of water), and kept in a freezing 
mixture for } hour. 5C.c. of concentrated hydrochloric acid were then added, and the mixture 
was warmed and distilled in steam, whereupon 0-3 g. of 1-chlorobenzoxazole was obtained as a 
yellow oil, which was heated on a water-bath with an alcoholic solution of sodium ethoxide 
(from 0-1 g. Na) for 4 hours. After removal of alcohol on a water-bath, the product was heated 
with concentrated hydrochloric acid, and afforded 1-hydroxybenzoxazole, m. p. 142°, identified 
by mixed m. p. 

(ii) A mixture of o-aminophenol (3 g.), 12% solution of carbonyl chloride in toluene (12 c.c.), 
and dry*toluene (50 c.c.) was heated on a water-bath under reflux for 2 hours, and the 
precipitated hydrochloride of o-aminophenol was removed by filtration. On removal of the 
toluene, and recrystallisation of the residue from petroleum, 1-hydroxybenzoxazole, m. p. 142°, 
was obtained in prismatic needles. The mother-liquors on keeping yielded another product, 
small plates, m. p. 106°, which was not investigated. 

(iii) 1-Hydroxybenzoxazole was most conveniently prepared from o-aminophenol, sodium 
ethoxide, and chloroformic ester by Bender’s method (Ber., 1886, 19, 2269), and separated from 
hot water in needles, m. p. 140°, raised to 144° after sublimation. 

Methylation of 1-Hydroxybenzoxazole——A solution of 1l-hydroxybenzoxazole (1 g.) in 
chloroform (10 c.c.) was treated with 30% potassium hydroxide solution (10 c.c.), and then 
with methyl sulphate (4 c.c.). The mixture was kept at room temperature for 4 hour and then 
heated on a water-bath under reflux for a further 4 hour. The product obtained after 
destruction of the excess of methyl sulphate with alkali and removal of chloroform was re- 
crystallised from methyl alcohol, 1-keto-2-methyl-1 : 2-dihydrobenzoxazole being obtained in 
long silky needles, m. p. 87—88° (Found: C, 64-4; H, 4-9. C,H,O,N requires C, 64-6; H, 
4-7%). On hydrolysis with concentrated hydrochloric acid, it yielded o-methylaminophenol, 
m. p. 129°. 

Bromination of 1-Hydroxybenzoxazole.—A solution of the hydroxy-compound in chloroform 
(0-5 g. in 10 c.c.) was gradually treated with bromine (0-5 c.c. in 2 c.c. of chloroform) at 0°; 
a hydrobromide of 5(?)-bromo-l-hydroxybenzoxazole gradually separated, which showed no 
reaction for labile bromine (potassium iodide) after being dried in a vacuum (Found: Br, 
54-1. C,H,O,NBr,HBr requires Br, 54-2%). 

5( ?)-Bromo-1-hydroxybenzoxazole, obtained by decomposition of the hydrobromide with 
water or dilute ammonia, separated from alcohol in long, flattened needles, m. p. 190° (Found : 
Br, 37-15. C,H,O,NBr requires Br, 37-2%). 

Synthesis of 1-Thiolbenzoxazole.—(i) A mixture of 1-chlorobenzoxazole (0-2 g.), sodium 
hydrosulphide (0-3 g.), and alcohol (15 c.c.) was heated under reflux for 2 hours, and the product 
obtained by removal of the alcohol on a water-bath was extracted with dilute sodium hydroxide. 
On acidification, 1-thiolbenzoxazole was obtained, which crystallised from dilute alcohol in 
long needles, m. p. 194°. (ii) The same compound was also obtained from o-aminophenol 
and thiocarbonyl chloride in chloroform (cf. Hunter, J., 1930, 125). (iii) 1 G. of o-hydroxy- 
phenylthiocarbamide was heated in a dry tube at 170—180° for 3 hours, and the cold melt was 
extracted with ammonia. On acidification 1-thiolbenzoxazole (0-2 g.) was obtained. (iv) 
The thiolbenzoxazole was, however, most conveniently prepared by heating a mixture of 
o-aminophenol (10 g.), carbon disulphide (30 c.c.), potassium hydroxide (5 g.), and alcohol 
(20 c.c.) under reflux for 6 hours (Dunner, Ber., 1876, 9, 465). On recrystallisation from dilute 
alcohol, it formed long, flattened needles, m. p. 196°. The mercuric salt, prepared by heating 
the thiolbenzoxazole in alcohol with yellow mercuric oxide and filtering the hot solution, 
crystallised in lustrous plates, m. p. 204° (Found: S, 13-05. C,,H,O,N.S,Hg requires S, 
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12-8%). This salt was also obtained by treating an alcoholic solution of the thiolbenzoxazole 
with aqueous mercuric chloride. 

Attempted Methylation of 1-Thiolbenzoxazole—-A mixture of 1-thiolbenzoxazole (1 g.), 
methyl alcohol (3 c.c.), and methyl] sulphate (3 c.c.) was heated on a water-bath, under reflux, 
for an hour. The excess of methyl sulphate was destroyed with ammonia (d 0-880), and the 
mixture extracted with chloroform. The syrup obtained by removal of chloroform did not 
solidify in a vacuum, and was therefore dissolved in alcohol and treated with aqueous mercuric 
chloride; the compound of mercuric chloride with 1-methylthiolbenzoxazole separated, and on 
recrystallisation from benzene was obtained in needles, m. p. 162° (Found: S, 7:55 
C,H,ONS,HgCl, requires S, 7:33%). A similar result was obtained by methylating the 
thiolbenzoxazole with methyl iodide in the presence of methyl-alcoholic sodium methoxide, 
although in this case the syrup obtained after removal of chloroform solidified in a freezing- 
mixture, but melted again at laboratory temperature. 

Synthesis of 1-Thio-2-methyl-1 : 2-dihydrobenzoxazole—A mixture of 1-keto-2-methyl-1 : 2- 
dihydrobenzoxazole (0-3 g.) and phosphorus pentasulphide (0-6 g.) was heated at 120—130° 
for 4 hour, and the melt was extracted with benzene. On concentration of the extract, the 
required compound separated; it crystallised from alcohol in long needles, m. P. 134—135° 
(Found: S, 20-9. C,H,ONS requires S, 20-6%). 

Bromination of 1-Thiolbenzoxazole.—(i) Bromine (0-5 c.c. in 2 c.c. of entovetiens) was added 
to a solution of 1-thiolbenzoxazole (0-5 g.) in chloroform (20 c.c.) at 0°; the red bromo- 
addition product which separated had m. p. 138° (decomp.) after being dried in a vacuum 
{[Found: Br (total), 37-5; Br (labile), 17-0%]. This consisted probably of a mixftre of a 
hydrodibromide of 1-thiolbenzoxazole and a hydrobromide of the disulphide, since on reduction 
with sulphurous acid it yielded the original thiolbenzoxazole, accompanied by benzoxazy] 
1 : 1-disulphide, m. p. 110°. 

(ii) In a similar experiment, with double the amount of bromine, a crystalline, vermilion 
bromo-addition compound was obtained, m. p. 128° (decomp.) after drying in a vacuum 
[Found: Br (total), 53-5; Br (labile), 30-0. C,H,ONS,HBr(Br) requires Br (total), 51-3; 
Br (labile), 25-7%]. This yielded the original thiolbenzoxazole on reduction with sulphurous 
acid, accompanied by only traces of the disulphide. Concentration of the chloroform mother- 
liquors of the original bromination, however, yielded a solid, which on treatment with 
sulphurous acid and basification with ammonia gave 5(?)-bromo-1-thiolbenzoxazole, which 
separated from dilute alcohol in long, flattened needles, m. p. 200° (Found: Br, 34-9. 
C,H,ONBrS requires Br, 34-8%). 

Synthesis of 1-Phenylbenzoxazole.—Benzylidene-o-aminophenol, prepared by heating a 
mixture of o-aminophenol (i g.) and benzaldehyde (1 g.) in dry benzene (20 c.c.) for 3 hours, 
crystallised in pale yellow needles, m. p. 89° (Pictet and Ankersmit, Annalen, 1891, 266, 138). 
Attempts to oxidise it to 1-phenylbenzoxazole led, however, to tarry materials. A mixture of 
o-aminophenol (2 g.), benzaldehyde (4 g.), and glacial acetic acid was therefore heated on a 
water-bath for 4 hours; the mixture darkened, and as nothing crystalline was obtained on 
dilution with water, it was distilled in steam for 3—4 hours, benzaldehyde and acetic acid 
passing over, followed by a white substance which solidified in the receiver. On re- 
crystallisation from alcohol, this separated in needles, m. p. 103° alone and when mixed with a 
specimen of 1-phenylbenzoxazole prepared by Ladenburg’s method (Ber., 1876, 9, 1524). 


THE Mustim UNIVERSITY, ALIGARH, INDIA. [Received, April 4th, 1934.) 





259. Some Derivatives of 4: 4'-Tetramethyldiaminodiphenylmethane. 


By D. C. Ruys Jones and FREDERICK A. MASON. 


LITTLE is known regarding the halogen-substitution products of 4 : 4’-tetramethyldiamino- 
diphenylmethane, Me,N-C,H,°CH,°C,H,*NMe, (referred to subsequently as the “methane 
base’). The 2:2’- and the 3: 3’-dichloro-derivative were prepared by condensing m- 
and o-chlorodimethylaniline respectively with formaldehyde (von Braun and Kruber, Ber., 
1913, 46, 3460, 3469). Direct chlorination of the methane base produces the 3 : 3’-dichloro- 
derivative. The 2-chloro- and 2-bromo-derivatives have now been obtained from the 
corresponding very unstable 2-diazonium compound by the Sandmeyer—Gattermann 
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reaction. The 2: 2’-dichloro- and the 2 : 2’-dibromo-derivative were obtained similarly 
from the 2: 2’-bisdiazonium compound. Neither the mono- nor the di-iodo-derivative of 
the base could be obtained pure by similar means. The halogen atoms in the above 
products failed to react with activated magnesium (cf. von Baeyer, Ber., 1905, 38, 2759). 

Sulphonation of the methane base with fuming sulphuric acid yields the 2-mono- 
sulphonic acid (Geigy & Co,, G.P. 65017, 88085), but the hitherto unknown disulphonic acid 
has now been obtained by heating the base with chlorosulphonic acid in tetrachloroethane 
solution. Attempts to prepare the corresponding mono- or di-nitriles by distilling the 
sulphonic acids with potassium cyanide or ferricyanide were unsuccessful. 

Diphenylmethane-3 : 3’-bistrimethylammonium iodide was obtained by methylation of 
3: 3’-diaminodiphenylmethane with methyl sulphate and precipitation with sodium 
iodide; it melted at 228°, whereas Scholl (Monatsh., 1918, 39, 236), by methylation with 
methyl iodide under pressure, obtained the same compound with m. p. 165°. Since our 
initial material was prepared from 3 : 3’-dinitrodiphenylmethane, and the m. p. of the 
corresponding diacetdiamido-compound (193°) agreed with that of Thorpe and Wildman 
(J. Amer. Chem. Soc., 1915, 37, 372), the identity of our compound is not open to doubt, 
and it would appear to exist in two modifications. 


EXPERIMENTAL. 


Action of Dilute Nitric Acid upon “‘ Methane Base.’’—5 G. of the base, dissolved in 40% 
aqueous nitric acid (50 c.c.), were heated to 60° ona water-bath. A violent reaction occurred 
with evolution of nitric fumes; after cooling and neutralising the solution, an orange-yellow 
precipitate was obtained, crystallising from glacial acetic acid in yellow platelets, m. p. 163°. 
It was identified (mixed m. p.) as p-nitrodimethylaniline, so the methylene group was completely 
oxidised during the reaction. 

2-Chloro-4 : 4'-tetramethyldiaminodiphenylmethane.—The corresponding 2-amino-derivative 
(11 g.), prepared by the method of Ullmann and Marié (Ber., 1901, 34, 4314), dissolved in 
concentrated hydrochloric acid (100 c.c.), was cooled to — 5° and a 25% solution of sodium 
nitrite (3 g. in 12 c.c.) was added slowly with stirring. The resultant diazonium solution was 
very unstable and rapidly decomposed either on dilution or on being very slightly warmed. 
The cold solution was stirred for } hour at — 5°, poured into a solution of cuprous chloride 
(5 g.) in concentrated hydrochloric acid (20 c.c.), and the mixture heated on a water-bath 
until evolution of nitrogen ceased. After dilution and neutralisation of the solution, the brown 
precipitate was freed from copper by washing with ammonia, and was then recrystallised 
successively from alcohol and light petroleum; pale yellow needles, m. p. 63° (Found: Cl, 
12-4; N, 9-8. C,,H,,N,Cl requires Cl, 12-3; N, 9-7%). (In carrying out the halogen estim- 
ations it was necessary to allow the nitric acid to act upon the compounds before sealing off 
the capillary tube, since the action proceeds almost explosively even in the cold.) 

2 : 2'-Dichloro-4 : 4'-tetramethyldiaminodiphenylmethane.—The corresponding 2 : 2’-diamino- 
compound (11 g.) was diazotised in concentrated hydrochloric acid, as described above, and 
the very unstable solution poured into a solution of cuprous chloride in concentrated 
hydrochloric acid. The product obtained after the usual procedure was uncrystallisable, but 
after distillation (b. p. 282—286°/20 mm.) it crystallised as pale yellow needles, m. p. 96° (cf. 
von Braun and Kruber, Joc. cit.) (Found : Cl, 22-0. Calc. for Cy;HggN,Cl, : Cl, 22-0%). 

3 : 3'-Dichloro-4 : 4'-tetramethyldiaminodiphenylmethane.—This substance was obtained by 
von Braun and Kruber (loc. cit.) as a yellow oil, b. p. 265°/20 mm. It may be obtained more 
conveniently by direct chlorination of the methane base: 10 g. of the latter and sodium 
acetate (10 g.) were dissolved in glacial acetic acid (150 c.c.) and rather more than the 
theoretical amount of chlorine was passed in. The blue solution became turbid, and an oil 
was precipitated. This was removed, and distilled under reduced pressure, the first fraction, 
containing unchlorinated base, coming over at 150—265°/20 mm., and the residue distilling 
constantly at 265° as an uncrystallisable oil (picrate, m. p. 173°) (Found: Cl, 21-4; N, 9-0. 
Calc. for Cy,H9N.Cl, : Cl, 22-0; N, 8-7%). 

2-Bromo-4 : 4'-tetramethyldiaminodiphenylmethane.—6 G. of the 2-amino-compound were 
dissolved and diazotised in concentrated hydrobromic acid at — 5°, as described for the chloro- 
compound. The solution was added to a vigorously stirred suspension of copper powder 
(1-0 g.) in concentrated hydrobromic acid, and the mixture heated on the water-bath until 
evolution of nitrogen had ceased. The product, after extraction as for the chloro-compound, 
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crystallised from light petroleum in pale, orange-yellow needles, m. p. 68° (Found: Br, 24-0; 
N, 8-8. C,,H,,N,Br requires Br, 24-0; N, 8-4%). 

2 : 2’-Dibromo-4 : 4'-tetramethyldiaminodiphenylmethane was obtained in a similar manner 
from the corresponding 2 : 2’-diamino-compound. It crystallised from light petroleum as pale 
yellow needles, m. p. 103°; b. p. 265°/20 mm. (Found: Br, 38-8. C,,H.» N,Br, requires 
Br, 38-8%). 

3 : 3'-Dibromo-4 : 4'-tetramethyldiaminodiphenylmethane.—Bromine (2 equivs.) in 10% 
solution in glacial acetic acid was added slowly to a well-stirred solution of “‘ methane base ” 
(13 g.) in glacial acetic acid (100 c.c.). The blue coloration first produced disappeared, and 
a dark oil separated, which was washed, and then distilled under diminished pressure, the main 
fraction (16 g.) distilling at 274—-279°/20 mm. as an uncrystallisable yellow oil (picrate, m. p. 
188°) (Found: Br, 38-7. C,H, N,Br, requires Br, 38-8%). 

Attempts to monobrominate the methane base in solution in glacial acetic acid, chloroform, 
carbon tetrachloride, or tetrachloroethane resulted in all cases in the formation of a mixture of 
the dibromo-compound and unchanged base, fractionation of the mixture failing to reveal any 
monobromo-compound. 

4: 4'-Tetramethyldiaminodiphenylmethane-2 : 2'(? )-disulphonic Acid.—Chlorosulphonic acid 
(10 c.c.) was added to a solution of the ‘“‘ methane base ”’ (10 g.) in tetrachloroethane (150 c.c.), 
the temperature raised gradually to the b. p. of the solvent, and the mixture stirred and boiled 
under reflux until evolution of hydrogen chloride had ceased. The sulphonic acid separated 
as a sticky transparent solid which was purified by dissolution in dilute aqueous sodium 
hydroxide and filtration from unsulphonated base. The sodium salt was obtained by evapor- 
ation to small volume and salting out with 20% brine. The free acid was obtained by adding 
the sodium salt to a solution of hydrochloric acid in absolute alcohol, and evaporating the 
filtered solution; large colourless crystals of the acid separated, containing alcohol of 
crystallisation which was lost on heating (Found: S, 15-6. C,,H,.N,S,O, requires S, 15-5%). 
From the aqueous solution the acid formed colourless crystals containing water of crystallis- 
ation; the barium salt is sparingly soluble in water. 

Diphenylmethane-3 : 3'-bistrimethylammonium Iodide.—Methyl sulphate (25 g.) was added 
slowly to a suspension of 3: 3’-diaminodiphenylmethane (5 g.) in a solution of sodium 
hydroxide (12-5 g.) in water (100 c.c.), and well stirred at room temperature until complete 
solution was effected. Solid sodium iodide was then added until no further precipitation of 
the white crystalline iodide occurred. After further recrystallisation from water, it melted at 
228°; yield 9-5 g. (Found: N, 4-9; I, 46-9. Calc. for C,,H,,N,I,: N, 5-2; I, 47:2%). 


The above investigation was carried out during 1928—1930. The authors’ thanks are due 
to Imperial Chemical Industries, Ltd., for generous gifts of chemicals, and to the Manchester 
Education Authority for a research scholarship awarded to one of them (D. C. R. J.). 


COLLEGE OF TECHNOLOGY, MANCHESTER. 
HEADINGLEY, LEEDs. (Received, June 5th, 1934.) 





260. Synthesis of Ascorbic Acid and its Analogues: The Addition 
of Hydrogen Cyanide to Osones.* 


By W. N. Hawortu, E. L. Hirst, J. K. N. Jones, and F. Smits. 


THE experimental methods originally employed in the synthesis of natural ascorbic acid 
from /-xylosone differed principally in the choice of reagents to effect the addition of 
hydrogen cyanide. Reichstein and his co-workers (Helv. Chim. Acta, 1933, 16, 1019) 
employed liquid hydrogen cyanide and an elevated temperature in the presence of some 
potassium cyanide, whilst in this laboratory we made use of dilute aqueous potassium 
cyanide containing some calcium chloride. The reaction, which was carried out in the 
cold, was complete in a few minutes and gave in almost quantitative yield the cyanohydrin 
of xylosone. When potassium cyanide was used alone, the reaction proceeded similarly 
but less rapidly, and unless the solution of xylosone was rendered exactly neutral before 
addition of the cyanide, the yield in routine experiments was slightly inferior. We noticed 
* A preliminary account of part of this work was given in Helv. Chim. Acta, 1934, 17, 520. 
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that in the presence of calcium chloride some ammonia was liberated, and the reaction 
appeared to fall into line with our previous experience with this mixture of reagents in the 
ascent of the series from glucose to glucoheptose. In the latter instance, hydrolysis of 
the intermediate compound takes place with liberation of ammonia and formation of the 
monobasic acid, which is then isolated as the calcium salt. 

We interpreted in the same way the reaction between xylosone and potassium cyanide 
in the presence of calcium chloride. The primary product was not ascorbic acid but was 
convertible into it by simple treatment with dilute hydrochloric acid. We provisionally 
designated the intermediate phase y-ascorbic acid, and since this ~-compound, which had 
not then been isolated, possessed many interesting properties, we decided to investigate 
it more fully. Owing to unfavourable solubilities, we have not yet succeeded in isolating 
a crystalline primary product in the case of the synthesis from xylosone, but have done so 
readily in the analogous cases of d-glucosone (I) and d-galactosone, which give rise to 
d-gluco- (VII) and d-galacto-ascorbic acids, respectively, when submitted to the reactions 
outlined above. As shown previously, these substances are exact analogues of the natural 
ascorbic acid, and as the result of our new observations we are able to give a precise in- 
terpretation of the mechanism of the reaction which leads to the synthesis of ascorbic 
acid. , 

In our earlier work we had noticed that the primary product, which was characterised 
by an intense absorption band at 1275 muy, changed gradually on digestion with mineral 
acid into ascorbic acid, which has a band at 4245 my in acid solution. This behaviour is 
characteristic, and may be utilised for all analogues of ascorbic acid in following the trans- 
formation from the primary synthetic product into the final substance. The operations 
leading to the synthesis of gluco-ascorbic acid may be cited as typical. The primary 
product when isolated was a crystalline substance of formula C;H,,O,N, corresponding to 
the nitrile (II or III) which would be expected to result from the addition of hydrogen 
cyanide to glucosone. The substance is, however, neutral, and a detailed study of its 
properties leads us to the view that it is best formulated as a cyclic compound (IV) and 
for this reason we designate it imino-gluco-ascorbic acid. It is an internal salt in which the 
basic imino-group neutralises the strongly acidic enolic hydroxyl group. 

The primary product is converted on digestion with warm (or cold) dilute mineral acid 
into d-gluco-ascorbic acid, with liberation of the ammonium salt of the mineral acid. A 
similar conversion can be effected by hot aqueous acetic acid. This ease of hydrolysis in 
aqueous solution to a compound possessing a closed-ring (lactone) system is a strong 
argument in favour of the presence of a cyclic structure in the primary product itself. 
This view receives strong support from a consideration of the other properties of this acid. 
For instance, its absorption spectrum resembles that of ascorbic acid, whereas the open- 
chain derivatives so far investigated (e.g., the sodium salt derived from dimethyl ascorbic 
acid) do not display selective absorption. Again, it is oxidised instantaneously by 2 atoms 
of iodine in dilute acidified aqueous solutions, with liberation of 2 mols. of hydriodic acid. 
The product is a base (V) which combines with 1 mol. of mineral acid, giving a neutral 
product. The imino-group in this is particularly labile, and is removed by hydrolysis in 

OHC—CO 
HO—CH “HO—HC——CO 
(I.) H(—-OH —> , 4 
H¢—OH CN HO-CH 
CH,°OH (I1.) 
HO. OH Oo, 0 Oo. fO 
HN=c<-$ HN=c<&_ Oc t—¢ 
O—CH O—-CH O—-CH 
(IV.) (V.) (VI.) 
[The lower parts of the molecules remain as in (I) unaltered.] 


the cold in very dilute acid solutions. As demonstrated on p. 1195 the initial product in 
the latter hydrolysis is the lactone form of the diketo-acid (VI), produced by the action of 
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iodine on gluco-ascorbic acid. The lactone ring gradually opens in aqueous solution, and 
at the final stage we had present the first oxidation product of gluco-ascorbic acid in its 
equilibrium condition. At present we are unable to say whether (V) is capable of opening 
up its lactone ring without preliminary hydrolysis of the imino-group, but the change 
occurs, if at all, only to a very small extent. These observations find a reasonable inter- 
pretation only on the hypothesis that imino-gluco-ascorbic acid has a cyclic structure. 

Other cogent arguments may be advanced on the ground of the physical properties of 
the substance. The high m.p. (ca. 236°) is much more appropriate for an internal salt 
than for an open-chain nitrile. Furthermore, the specific rotation of the substance in 
aqueous solution is quite unusually large ([«]?” — 145°) and is very similar to that of the 
ionised salts of gluco-ascorbic acid. On the other hand, when the ionisation of the organic 
acid is suppressed in acidified solutions, the rotation (— 17°) becomes similar to that of 
free gluco-ascorbic acid. Exactly similar behaviour is, of course, observed with ascorbic 
acid and all its analogues, the rotation changes being so great that the exact analogy with 
the present instance becomes highly significant. The cyclic form receives additional 
support from the observation that open-chain forms of d-gluco-ascorbic acid have positive 
rotations. 

We have obtained yet further evidence in favour of the cyclic structure from a study 
of the optical rotatory dispersion of imino-gluco-ascorbic acid in neutral and in acid 
solutions. We had shown previously (Herbert, Hirst, and Wood, J., 1933, 1564; cf. 
Lowry and Pearman, ibid., p. 1444) that a remarkable difference in the character of the 
rotatory dispersion is encountered when the dispersion of /-ascorbic acid is compared 
with that ofits salts. In this instance highly anomalous rotatory dispersion with a negative 
low-frequency term gives place, on ionisation of the ascorbic acid, to simple dispersion 
with a positive low-frequency term. Exactly similar phenomena are found when aqueous 
solutions (ionised form) are compared with strongly acid solutions (un-ionised form) of 
imino-gluco-ascorbic acid. The rotations of the un-ionised forms are expressible by 
two-term Drude equations of the type a, = k,/(* — ,)® + &,/(a® — a,?), and those of the 
ionised substances by single-term equations of the type «, = k,/(A* — 2,”). The values 
of the various constants are collected in the accompanying table, reference being made 
in each case, for ease of comparison, to the d-isomeride. The concentration of the solution 
in the case of the [«]?”” values is ca. 1. 

Substance. ; p hy /he- [a]. 
Imino-gluco-ascorbic acid (in acid solution) : 0-065 — 1-66 — 17°* 
Ascorbic acid (in acid solution) , 0-063 —1-81 — 22 * 
Sodium ascorbate (in water) 0-065 _— — 102 
Imino-gluco-ascorbic acid (in water) 0-064 —_— —145 


* In 8% hydrochloric acid. 


The resemblances and differences are remarkably characteristic, and provide strong 
evidence in support of the idea that imino-gluco-ascorbic acid is to be formulated as the 
ionised internal salt (IV) of a cyclic acid containing the special structure found in ascorbic 
acid. 

Similar arguments apply to the formulation of imino-galacto-ascorbic acid as a cyclic 
structure. The properties of this substance are described on p. 1197. 


EXPERIMENTAL. 


Reaction between Glucosone and Potassium Cyanide: Isolation of Primary Product (Imino 
gluco-ascorbic Acid).—To a neutral aqueous solution of glucosone (3 g., in water, 100 c.c.) 
potassium cyanide.(2-5 g.) and calcium chloride (3 g.) were added. A stream of oxygen-free 
nitrogen was passed through the solution, which was kept at room temperature. Slight 
alkalinity developed, and some ammonia was liberated (no ammonia was evolved in the absence 
of glucosone). The formation of the addition product was complete in a few minutes. When 
the yield of the primary product had reached the maximum (estimated by titration of a portion 
of the solution with iodine), the reaction was arrested by addition of sufficient oxalic acid to 
render the solution neutral to litmus. Continuation of the treatment under slightly alkaline 
conditions causes progressive loss of product. The reaction proceeds in a similar manner in the 
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absence of calcium chloride, but somewhat less rapidly, and the yield is slightly inferior. No 
ammonia is liberated in the absence of calcium chloride. 

After filtration, the solution was diluted with an equal volume of alcohol and left for 30 hours 
at —5°. The solid which separated was recrystallised from aqueous alcohol, giving the primary 
product (IV) as a mass of minute colourless crystals, sparingly solubie in cold water, moderately 
soluble in hot water, readily soluble in dilute aqueous alkali and in dilute mineral acids, and 
almost insoluble in organic solvents. The aqueous solution was neutral to litmus (yield, 
almost theoretical) (Found: C, 40-9; H, 5-7; N, 6-6. C,H,,O,N requires C, 40-9; H, 5-4; 
N, 68%). 

Properties of imino-gluco-ascorbic acid. When heated, the substance darkened at 220° 
and slowly decomposed at about 236°; [«]}?° — 145° in water (c, 0-8); — 181° in 0-03N-sodium 
hydroxide (c, 0-2); — 60° in 0-1N-sulphuric acid (c, 1-0); — 40° in 0-35N-sulphuric acid; 
— 17° in 8% aqueous hydrochloric acid. The rotation value depends markedly on the py of 
the solution. 

Aqueous-alcoholic solutions of the primary product containing 1 mol. of hydrochloric acid 
deposit, although in poor yield, the unchanged material (not the hydrochloride). The substance 
displays in aqueous solution an intense absorption band with head at A275my. The molecular 
extinction coefficient for a solution containing 20 mg. per litre is 17,000. Neither the intensity 
nor the position of the head of the band is appreciably changed in dilute acidic solutions. 

0-1 G. in acid solution was oxidised by 9-7 c.c. of N/10-iodine (see p. 1193) under the conditions 
used for ascorbic acid (C,H,,0O,N requires 9-75 c.c.). The oxidation product so obtained has 
(a]%” — 35° in dilute hydriodic acid. It cannot be reduced to the original substance by hydrogen 
sulphide under the conditions appropriate for the reduction of oxidised ascorbic acid. Of the 
2 mols. of hydriodic acid formed during the oxidation, one can be titrated directly with sodium 
hydroxide, but the other is neutralised by the basic portion of the molecule (the solution obtained 
by oxidising 100 mg. of the primary product required 5-0 c.c. N/10-sodium hydroxide for 
neutralisation). On addition of more alkali a second molecular proportion of sodium hydroxide 
is taken up slowly with elimination of ammonia, and the product, which has [a«]?" + 30°, is 
the same as that obtained by addition of alkali to gluco-ascorbic acid which has been reversibly 
oxidised by iodine (or chlorine). 

When imino-gluco-ascorbic acid is oxidised with iodine (or chlorine) the acid solution of 
the product so obtained is unstable at room temperature. This oxidation product then slowly 
undergoes hydrolysis with elimination of ammonia as ammonium iodide (or chloride) and 
formation of the primary oxidation product of gluco-ascorbic acid. This transformation can be 
followed polarimetrically ([«]}}° — 35° > + 13°), the end value reached after several days being 
that of reversibly oxidised gluco-ascorbic acid which has reached equilibrium (cf. Herbert, Hirst, 
Percival, Reynolds, and Smith, J., 1933, 1270). If the solution undergoing transformation 
is examined before the equilibrium stage has been reached, it contains the oxidised gluco- 
ascorbic acid in its true lactone form, recognisable by its reduction to gluco-ascorbic acid. 
The absorption band at 4 245 my (in acid solution) can then be observed, and the presence of 
gluco-ascorbic acid can be recognised also by the reaction with iodine. The oxidised form of the 
imino-compound does not display selective absorption in the ultra-violet region. 

Imino-gluco-ascorbic acid liberates ammonia in the cold in presence of dilute aqueous 
alkali. During this reaction the characteristic absorption band at 4 275 my disappears, together 
with the power of reducing iodine in acid solution. No absorption band characteristic of 
gluco-ascorbic acid or of its salts appears during the alkaline hydrolysis. 

After oxidation with iodine, the imino-gluco-ascorbic acid gave the same osazone (yellow), 
m. p. 225°, as that obtained from oxidised gluco-ascorbic acid (Found: N, 14-6. Calc. for 
CigHyO;N,: N, 14:6%). The identity of the two substances was confirmed by X-ray crystal- 
lographic examination by Mr. E.G. Cox. Under the above treatment, hydrolysis of the imino- 
group evidently occurs during the reaction with phenylhydrazine in acetic acid solution. The 
imino-group of the compound in its oxidised condition is very labile. 

Oxidation of imino-gluco-ascorbic acid with iodine in acid solution, followed by treatment 
with sodium hypoiodite, gives rise to some 70% of the theoretical amount of oxalic acid, corres- 
ponding to loss of the first two carbon atoms of the chain. This reaction is complicated by 
interaction between the liberated ammonia and sodium hypoiodite and is therefore not 
suitable for quantitative estimations. 

Transformation of Imino-gluco-ascorbic Acid into Gluco-ascorbic Acid.—Digestion of a 
solution of the imino-substance (1 g.) in 8% aqueous hydrochloric acid (25 c.c.) at 50° for 
16 hours resulted in the quantitative formation of gluco-ascorbic acid, which was isolated (yield 
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quantitative) and determined iodimetrically and by spectrophotometric methods. The 
characteristic absorption band at 4 245 my appears during the digestion, and gradually replaces 
the band at 1275 my, no trace of the latter being observed at the conclusion of the reaction. 
A similar transformation can be effected by heating the imino-gluco-ascorbic acid in 20% 
acetic acid at 80° for 12 hours. The product, which was isolated by the procedure described 
previously (J., Joc. cit.), was the monohydrate of gluco-ascorbic acid, m. p. 138°, [«]#” — 22° in 
water (c, 1-0 as monohydrate); m. p. of the anhydrous form 192°. Digestion of the imino- 
product with water at 100° did not bring about the transformation into gluco-ascorbic acid. 
Rotatory Dispersion of Imino-gluco-ascorbic Acid (with R. W. HERBERT and C. E. Woop).— 
The measurements were made by the methods previously described (Harris, Hirst, and Wood, J., 
1932, 2112). An aqueous solution of imino-gluco-ascorbic acid containing 8-386 g. per litre was 
prepared, and its rotation (/ = 2 dm.) determined at 25°. Observations were obtained over 
the range of wave-lengths from 4 6708 to 43510. Throughout this region, the rotatory dispersion 
was approximately simple (A, = 0-064) and corresponded exactly to that of sodium /-ascorbate 
(Ag? = 0-060) in aqueous solution. The results are summarised in Table I. A solution of the 
imino-substance was then acidified, the composition of the solution examined being 20-656 g. 
of imino-gluco-ascorbic acid and 30-4 g. (3 mols.) of sulphuric acid in 1 litre of solution. The 
added mineral acid depressed the ionisation of the acidic enol group of the imino-compound, 
and the rotatory dispersion was now exactly analogous with that of ascorbic acid in aqueous 
or acid solution (Herbert, Hirst, and Wood, J., 1933, 1564). The results, which are summarised 
in Table II, now show that the rotatory dispersion is anomalous (A,? = 0-024; A,? = 0-065; 
k,/k, = — 1-66), and is very closely similar to that exhibited by /-ascorbic acid (A,? = 0°0195; 
A,? = 0-063; &,/k, = — 1-811). When the observations are expressed by the two-term Drude 
equation and this is compared with the single-term equation applicable to the rotatory dispersion 
of the imino-compound in water, it is evident that in the case of imino-gluco-ascorbic acid the 
sign of the low-frequency term is reversed (without appreciable change in the nature or intensity 
of the observed absorption band) on passage of the substance from the ionised to the un-ionised 
condition. Exactly similar behaviour is exhibited by /-ascorbic acid, and further comments on 
this phenomenon will be made in subsequent communications. 


TABLE I. 
Imino-gluco-ascorbic Acid in Water. 
c, 08386 g. in 100 c.c.; J= 2dm.; #, 25°; [a], = 59°6ay; a, = —0°67005/(A® — 0-064). 











a. a. a. 
A. Obs. Calc. Diff. A. Obs. Calc. Diff. A. Obs. Calc. Diff. 
6708 —1:76° —1-78° +0-02° 5515 —2°77° —2-79° +0-02° 4294 —5-56° —5°57° +0-01° 
6292 2°06 202 —0°04 5225 3°16 3°21 —0-05 3910 §=7°56 754 —0-02 
6104 2°16 2717 +001 4891 3°79 3°82 +003 3669 9°56 949 —0-07 
5893-235 2:37. =++0°02 4887 3°80 3°83. +0°03 3510 11°56 11°32 —0°24 


5805 2°46 245 —0°01 
TABLE II. 
Imino-gluco-ascorbic Acid in Dilute Sulphuric Acid. 
c, 2°0656 g. in 100 c.c. aqueous H,SO, (3°04 g. H,SO, per 100 c.c.); J = 2dm.; ¢= 25°; [a], = 24-2a); 
a, = —1-31863/(A? — 0°024) + 0°79251/(A* — 0-065). 
6292 —1:16 —115 —0O0l 4887 —1:58 —158 +0-°00 3674 —0°56 —055 —0O-01 


5893 1°24 1:27 +0°03 4272 1:56 158 +0°02 3604 —0°26 —0°24 —0-02 
5805 1:30 130 +0°00 4119 1°46 148 +0°02 3565 zero —0°03 +0°03 


5515-136 1:40 +0°04 3957 =—s-1°31 130 —0-01 3494 +0°44 +044 +0:00 
5225 =—-146 1-49 +0°03 3886 =:1°16 117 =~+0°01 3441 +0°94 +087 +0°07 
4950 =1°56 167 =4+001 3749 0°86 0°82 —0°04 3342 +194 +1:°93 +0°01 


Reaction between Galactosone and Sodium Cyanide: Isolation of Primary Product (Imino- 
galacto-ascorbic Acid).—Galactose (20 g.) was heated with phenylhydrazine (60 c.c.) and glacial 
acetic acid (50 c.c.) dissolved in water (400 c.c.) for 3-5 hours at 85° (yield of galactosazone, 
23 g.). Galactosazone (20 g.) was treated with fuming hydrochloric acid (190 c.c., saturated 
at 0°) for 30 mins., during which the temperature gradually rose to 15° (cf. Fischer, Ber., 1889, 
22, 87). The phenylhydrazine hydrochloride was filtered off, and the filtrate diluted to 2 litres. 
The solution, cooled to 0°, was neutralised with lead carbonate, decolorised (charcoal), and 
rendered slightly alkaline with basic lead acetate. On addition of barium hydroxide, the 
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osone—lead hydroxide complex was precipitated, and from this the osone was regenerated by 
the usual procedure (yield, 1-2 g.). 

To a solution of galactosone (7 g.) in water (300 c.c.), sodium cyanide (2-8 g.) was added 
(nitrogen atmosphere). After 20 minutes, the condensation was complete, and titration with 
iodine in acid solution showed that 7-2 g. of “‘ active’ primary product were present. The 
solution was neutralised by dilute hydrochloric acid and cooled at — 5°. After 14 days, crystals 
of imino-galacto-ascorbic acid began to separate. In this way a nucleus was provided. 

In subsequent preparations the solution immediately after neutralisation was concentrated 
to 30 c.c., inoculated if necessary, and set aside to crystallise (yield almost quantitative). 
Recrystallisation from water gave pure imino-galacto-ascorbic acid, m.p. 190° (decomp.), 
[a] — 95° in water (c, 0-8); + 25° in N-hydrochloric acid (c, 1-0) (Found: C, 41-0; H, 5-4; 
N, 6-5. C,H,,0,N requires C, 40-96; H, 5-4; N, 6-8%). 

Imino-galacto-ascorbic acid closely resembled the corresponding gluco-derivative in its 
properties, but was rather more soluble in water. In aqueous solution it exhibits an intense 
single absorption band at 2275 my (¢ approx. 18,000 for a solution containing 20 mg. per litre). 
In N-hydrochloric acid solution at 15° it was hydrolysed in 24 hours to galacto-ascorbic acid, 
which could be isolated as the monohydrate, m. p. 109°, the properties of which have been 
described previously (loc. cit.). Imino-galacto-ascorbic acid was neutral to litmus, possessed 
intense reducing power, and underwent oxidation with iodine (2 atoms) in acid solution with 
formation of a basic product ([«]) — 125° in aqueous solution containing 1 mol. proportion of 
hydriodic acid), which combined with one of the two mol. proportions of hydriodic acid liberated 
during the oxidation. The rotation of the oxidation product ([«]p — 125°) decreased slowly 
when the solution was kept at room temperature, the constant value — 69° being reached in 
24 days. As in the case of the corresponding product from imino-gluco-ascorbic acid, the 
rotation became constant (after several weeks) when the solution contained the primary oxidation 
product of galacto-ascorbic acid in the “ equilibrium ” condition. Hydrolysis of the imino- 
group and opening of the lactone ring took place simultaneously. 
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261. The Conductivity of Methoxides and Ethoxides. 
By G. E. M. Jones and O. L. Hucues. 


THE investigation of the electrical conductivity of acids in hydroxylic solvents has yielded 
important results, and their value is very largely due to the fact that the ionisation of the 
solvent itself gives rise to hydrogen ions. An investigation of the conductivity of bases 
thus becomes doubly interesting: on the one hand, they provide another class of strong 
electrolyte, and on the other hand, they give rise to the ion of the solvent other than the 
hydrogen ion. The hydroxyl ion has been studied by Raikes, Yorke, and Ewart (J., 
1926, 630) and by Jeffery and Vogel (Phil. Mag., 1933, 15, 395), but the methoxide and the 
ethoxide ion have not been so fully investigated. 

Bases react with any acid impurity in the solvent, giving products the conductivities of 
which can be measured independently. The data for bases have to be corrected for this 
reaction, and in the process, considerable information is obtained as to the types and 
amounts of impurities present in conductivity solvents. 

Wynne-Jones (J. Physical Chem., 1927, 31, 1647) measured the conductivity of sodium 
methoxide in methyl alcohol, and obtained 98-3 for the value at infinite dilution. Robertson 
and Acree (zbid., 1915, 19, 381) measured the conductivities of lithium, sodium, and 
potassium ethoxides in ethyl alcohol, obtaining values for the conductivity at infinite 
dilution of 31-1, 33-2, and 37-2 respectively. They do not state how the values were 
corrected for the conductivity of the solvent. Barak (Z. physikal. Chem., 1933, 165, 272) 
measured the conductivity of sodium ethoxide, but applied no correction to his results. 

The present work is an investigation of the bases of lithium, sodium, and potassium in 
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methyl and ethyl alcohols, and also of the effects of the solvent impurities on the conduc- 
tivity of these bases. 


Preparation of Materials.—Solvents. Methyl alcohol was prepared by the method of 
Hartley and Raikes (J., 1925, 127, 524), and ethyl alcohol by that of Copley, Murray-Rust, and 
Hartley (J., 1930, 2492). Nitrogen was obtained from a cylinder and purified by passage over 
heated copper, through a tower containing concentrated sulphuric acid, over solid caustic soda, 
and finally over phosphoric oxide to remove the last traces of moisture. Carbon dioxide was 
prepared from marble and dilute hydrochloric acid, and dried first with sulphuric acid and then 
with phosphoric oxide. Ammonia was generated by dropping concentrated solution (d 0-88) 
on solid caustic potash, and dried with solid caustic potash and lime. Mercury was purified as 
described by Desha (Amer. Chem. J., 1909, 41, 152). Amalgams were prepared by the method 
of Wolfenden, Wright, Ross Kane, and Buckley (Tvans. Faraday Soc., 1927, 23, 491). The 
sodium and potassium amalgams were prepared from the carbonate, and the lithium amalgam 
from a solution of the acetate. The amalgam was dried by filtering through long capillaries, 
and was stored in a tap-funnel under dry nitrogen. 

Basic solutions. 200 C.c. of alcohol were placed in a round-bottomed Jena flask fitted with 
an over-ground stopper and an inlet tube which reached nearly to the bottom of the flask. 
Nitrogen was blown through for about 6 hours, to remove any dissolved oxygen or carbon 
dioxide. A suitable amount of amalgam was run in, and stirred by passage of nitrogen for about 
12 hours. When the solution had reached a concentration of about 0-1N it was decanted into 
a Jena solution flask, and its concentration determined by titration. Such solutions were quite 
stable. 

Alkali methyl and ethyl carbonate solutions. Attempts were made to prepare these carbonates 
in the solid state, but it was difficult to dry them to constant weight. It was more satisfactory 
to prepare solutions by dilution of solutions of the bases with slight excess of carbon dioxide 
solutions. The conductivity of any excess carbon dioxide was almost entirely suppressed by 
the presence of alkyl carbonate ions. The concentration of these solutions was deduced from 
that of the alkali solutions. 

Hydrochloric acid. Constant-boiling acid, prepared by the method of Foulk and Hollings- 
worth (J. Amer. Chem. Soc., 1923, 45, 1220), was used as the ultimate acidimetric standard. 
This acid was diluted by weight and used to standardise the baryta. 

Barium hydroxide. A saturated solution of baryta was boiled to coagulate any barium 
carbonate, decanted off, and cooled. It was diluted with distilled water which had been boiled 
to remove carbon dioxide : any water used for the dilution of the standard reagents was treated 
in this way. 

Determination of the Concentration of the Solutions.—The diluted hydrochloric acid and the 
baryta were about 0-1N; for the titration of the base solutions it was convenient to have an 
acid solution of about 0-04N, so the original acid was diluted further, and standardised against 
the baryta. Bromothymol-blue was the indicator employed. It was very sensitive to carbon 
dioxide, so the titration flasks were protected from the air. Since the presence of alcohol pro- 
duced a considerable change in the end-point of the titrations, the magnitude of the effect was 
measured, and it was found that there was a linear relation between the amount of alcohol 
present and the effect produced. If Cte is the concentration of the base, and Cop, is its 
apparent concentration in the presence of a% of alcohol 

Ctrue = Cobs. (1 + 0-00014a) for MeOH 
and Ctrue = Cops. (1 + 0-00032a) for EtOH. 


Observed concentrations of base solutions were corrected for the amount of alcohol present. 
Poethke (Z. anal. Chem., 1931, 86, 399) investigated the effect of alcohol on certain indicators, 
and checked his measurements by making conductivity titrations; he found that the effect was 
proportional to the amount of alcohol present, and independent of small quantities of salt in the 
solution. It was necessary to standardise the base in concentrations of 0-08—0-1N and then 
dilute the solution to about 0-02N for the conductivity measurements. If the base solution was 
too dilute, very variable values for the concentration were obtained. 

Ammonia was titrated directly with the standard acid, but it was difficult to obtain repro- 
ducible results because the presence of alcohol had a very marked effect on the titrations. It 
was impracticable to determine the concentration of the carbon dioxide solutions by a volumetric 
method, and it was therefore estimated gravimetrically as barium carbonate. 

Experimental Procedure.—All concentrations are expressed in g.-mols. per litre of solution. 
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Measurements of conductivity were made by the method of Murray-Rust and Hartley (Proc. Roy. 
Soc., 1929, A, 126, 84), and were carried out in a thermostat at 25-00° + 0-01°. The cell 
usually employed had a constant of 0-03879, but at various times three other cells were used of 
constants 0-03408, 0-1833, and 0-1735. These constants are based on Frazer and Hartley’s 
values for potassium chloride in methyl alcohol (ibid., 1925, A, 109, 351). In the diagrams, 
values of the equivalent conductivity are plotted against the square root of the concentration. 
Results for Carbon Dioxide and Ammonia.—The results for carbon dioxide and ammonia are 
given first, because it is necessary to know their dissociation constants before discussing the 
correction of the data for the bases. The results are set out in tabular form: at the head of 
each table is given Ay, the equivalent conductivity at infinite dilution, calculated from the 
mobilities of the individual ions; col. 1 gives values of x, the specific conductivity (in gemmhos) 
of the solvent employed; col. 2 the values of c x 10‘, where c is the concentration; col. 3 the 
values of A,, the equivalent conductivity at concentration ¢c; col. 4 gives values of K, the 
dissociation constant, which is of the form: K = [H*][MeCO,’]/[CO,]. No solvent correction 
has been applied. 
Methyl alcohol as solvent. 
Carbon dioxide; Ay = 190. Ammonia; A, = 110. 

c x 104. Ae. K c x 104. Ae. K 

« = 0°170 50°8 0:0471 « = 0-060 70°4 1°88 

92°2 0-0290 125 1°35 

138 0:0206 206 1:04 

ee OOrT0 k= 0060 58:1 2-07 

« = 0°091 11°8 0-111 111 1:39 

21:7 0°0749 157 114 

33°6 0:0561 235 0°91 

Value accepted = 2 x 107°. Value accepted = 2 x 10-6. 
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Ethyl alcohol as solvent. 


Carbon dioxide; Ay = 80. Ammonia; Ag = 44. 
c x 104. Ae K x 10%, c x 104. Ae. K 
« = 0°010 33°1 00039 «= 0°014 95 0°23 
60°9 0°0025 240 0-116 
91:3 0°0019 522 0-070 
117 00016 k=0012 162 0-153 
« = 0°010 18°5 0:0063 308 0°097 
37°8 0°0034 479 0°074 
55°4 0:0026 Value accepted = 1:5 x 1077 
72°8 0°0022 
Value accepted = 6 x 107%. 
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The values of the dissociation constants do not agree well amongst themselves, but approxi- 
mate values are quite sufficient for the present purpose. 

Ammonia shows a very pronounced drift in the conductivity, the value increasing with time, 
particularly in the dilute range. Some slow reaction is taking place, and this takes time to reach 
equilibrium. On dilution of the stock solution in the cell, time elapses before the new equilibrium 
is reached, and the conductivity changes throughout this period. The time required to reach 
equilibrium is much greater for ethyl than for methyl alcohol. When a N-solution is diluted 
100-fold, the conductivity takes at least an hour to reach its equilibrium value in ethyl alcohol, 
but only about 10 mins. in methyl alcohol. No such drift can be detected in the case of carbon 
dioxide, and it would, in fact, be difficult to detect. The whole question is under investigation 
in this laboratory. 

Solvent Correction.—The conductivity measured is that of the solution, and in general a 
correction has to be applied before that of the dissolved substance can be obtained. The 
solvent itself has a certain small conductivity, but this is almost entirely suppressed even by 
those small quantities of impurity left in the purified solvent. The correction is specific, 
depending upon the nature of the solvent, the impurities it contains, and the dissolved substance. 
As Wynne-Jones (/oc. cit.) has insisted, the most important point about any correction is that it 
should be reduced as far as possible, because there are certain assumptions underlying any 
method of solvent correction. The nature and amount of the impurities should then be deter- 
mined, and a suitable correction applied to the experimentally determined conductivity of the 
solution. 

Water. The conditions in water have been treated in detail by Kolthoff (Rec. trav. chim., 
1929, 48, 664). The impurities present in conductivity water may be divided into two classes : 
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acid (such as carbon dioxide) and alkaline (such as ammonia, or any basic substance dissolved 
from the glass of the apparatus). In practice, it has been found possible to treat the conductivity 
of such water as being entirely due to dissolved carbon dioxide, and solvent corrections have been 
successfully applied on that assumption (cf. Kendall, J]. Amer. Chem. Soc., 1916, 38, 1490; 1917, 
39, 7). It has become common practice to use “‘ equilibrium water,” i.e., water in equilibrium 
with the carbon dioxide of the atmosphere, so that the concentration of carbon dioxide can be 
known with some certainty. Davies (‘‘ The Conductivity of Solutions,’ London, 1929), how- 
ever, has pointed out that the presence of such a concentration of carbon dioxide in the solution 
produces a definite increase in the interionic forces and makes an accurate correction difficult. 
It is hence advisable to reduce the carbon dioxide concentration as far as possible. A small 
correction is better, in principle, than a more certain, but larger, correction. 

Alcohols. The general principles involved in the application of the solvent correction in the 
alcohols have been discussed by Wynne-Jones (loc. cit.). The problem is complicated by the 
presence of water as an impurity. Even in conductivity alcohol, it cannot be guaranteed that 
the amount of water present is less than 2 x 10°N. Additions of water (see p. 1205) to carbon 
dioxide and ammonia solutions in the alcohols show that, even although water has a con- 
siderable effect upon the conductivities of these substances, yet the presence of this amount of 
water will not have an appreciable effect. It has also been shown (Hughes and Hartley, Phi. 
Mazg., 1933, 15, 610) that this amount of water would not make any appreciable change in the con- 
ductivity of a strong electrolyte in either of the alcohols. It appears that the effect of water 
as an impurity may be neglected. 

Alcohols are liable to contain aldehydes as impurities, but it has been shown (Clark, Gatty, 
Hughes, and Hartley, J., 1933, 658) that, with acetaldehyde in ethyl alcohol, the amount present 
has only a negligible effect upon the conductivity of electrolytes. 

The impurities which may have a chemical effect upon the dissolved electrolytes are: 
(1) Basic impurities, such as ammonia, and alkali dissolved from the glass of the apparatus; the 
latter causes of error may be eliminated by using only apparatus which has been soaked for a 
long time in conductivity water (see p. 1206), and it has been found that ammonia is present 
in quantities of the order 2 x 10-°7N. (2) Acidic impurities, such as carbon dioxide, which is 
usually about 1 x 10-*N. 

The effects of these impurities have been discussed by Wynne-Jones, but it should be repeated 
that the solvent corrections to be applied are: (a) Salts. The conductivity of the solvent is 
subtracted from that of the solution. (b) Acids. The conductivity of the carbon dioxide is 
completely suppressed, and any ammonia is converted into the ammonium salt of the acid. 
(c) Bases. The conductivity of the ammonia is suppressed, and any carbon dioxide present is 
converted into alkali alkyl carbonate. Here the situation is simpler than in water because 
there is only one type of carbonate formed. 

Conductivity of Methyl Alcohol_—Wynne-Jones has corrected conductivity data for sodium 
methoxide in methyl alcohol on the assumption that the carbon dioxide concentration can be 
calculated from the conductivity of the solvent. However, it is found that the ammonia plays 
a very large part in contributing to the conductivity of the solvent. The ammonia is converted 
into ammonium methyl carbonate, which is the salt of a weak acid and a weak base, This will 
be partly alcoholysed in solution: NH,MeCO, + MeOH = = NH,°OMe + HMeCO,, and if z 
is the fraction of ammonium methyl carbonate alcoholysed, then z*/(1 — z)*? = Kyeon/Koo, X 
Kyu, where Kyeon is the ionic product of methyl alcohol, and the other K’s are the dissociation 
constants of the substance denoted by the subscript. Therefore 

— 2x 10°" 
(l—z)* 2x 10° x 2 x 10° ; 
This value of z is that for a pure solution of ammonium methyl carbonate. If the concentration 
of ammonia is of the order 2 x 10-’N, and that of the carbon dioxide 1 x 10-*N, the alcoholysis 
of the ammonium methyl carbonate will be almost completely suppressed by the presence of 
such large excess of carbon dioxide. Hence [NH,’] = 2 x 10-7, because the ammonium methyl 
carbonate will be completely dissociated at such extreme dilution; further, 
[MeCO,’] = 2 x 10-7 + [H’] 

and since [H*}[MeCO,']/[CO,] = 2 x 10-° 

hence, [H*}{2 x 10-7 + [H'*}}/1 x 10+ = 2 x 107, 

therefore [H*] = 0-8 x 10-7. 











































=65 x 10°, and z = 0-2. 
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The concentrations are therefore [H*] = 0-8 x 10-’, [NH,"] = 2 x 10-?, [MeCO,’] = 2-8 x 10-’. 
In that the proportion of ammonia to carbon dioxide varies, it is impossible to deduce from the 
conductivity of the solvent the amounts of either present. 

Conductivity of Ethyl Alcohol.—Consider as before alcohol containing carbon dioxide and 
ammonia at concentrations 1 x 10“*N and 2 x 10-’N respectively. The ammonia will be 
converted into ammonium ethyl carbonate. For a pure solution of this substance, with 
Kyron = 2 X 10°, Koo, = 6 x 10°", and Kyy, = 15 x 10-7, we find z=0-2. In the 
presence of excess of carbon dioxide, the degree of alcoholysis will be very small. The ammonia 
can be regarded as being present entirely as ammonium ethyl carbonate. A calculation similar 
to that made above leads to the following concentrations for the ions in the solution: 
[H*] = 3 x 10°, [NH,] = 2 x 10°’, [EtCO,’] = 2 x 10-7. Even although the hydrogen 
ion has a very large mobility, the conductivity of the solvent will be effectively that of the 
ammonium ethyl carbonate. Let the concentration of this substance be c, then, since the sum 
of the mobilities of the ammonium and the ethyl carbonate ion gives a A, value of 40, one 
can write 40c/1000 = specific conductivity of the solvent. For a specimen of ethyl alcohol of 
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x = 0-010 x 10°, the value of c is 2-5 x 10-7N, and this is the concentration of ammonia in 
the solvent. 

It thus becomes possible to apply a rigid correction to conductivity determinations for acids 
in ethyl alcohol: this correction is very small. It is not possible to calculate the concentration 
of carbon dioxide present in the solvent. 

Correction of Data for Bases.—Because the concentration of carbon dioxide cannot be directly 
calculated, it is impossible to apply a rigid correction to the data for bases. The method of 
correction employed is the same for methyl and ethylalcohol. It rests on the following assump- 
tions: (1) The bases give a straight-line A,-Vc relation. (2) The conductivity of the ammonia 
present can be neglected. (3) The deviations of the observed points from the straight line are 
due to the presence of carbon dioxide, which partially converts the base into the alkyl carbonate. 
(4) There is no alcoholysis of the resulting alkyl carbonate; in methyl alcohol, potassium methyl 
carbonate, which is the salt of a weak acid and a strong base, has an alcoholysis constant : 
Kare. = Kyeou/Koo, = 2 X 1077/2 x 107° = 10-7; similarly in ethyl alcohol, for potassium 
ethyl carbonate: Kaji. = Kgton/Koo, = 2 X 10/6 x 10°? = 3 x 10%. In the presence 
of excess of base, alcoholysis can be neglected. 

The observed results for potassium methoxide and potassium methyl carbonate are plotted 
in Fig. 1. To avoid confusion, the individual points for the latter are not plotted. As the 
solution of the base becomes more dilute, the concentration of carbon dioxide in the solvent at 
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first is less than, then equals, and finally exceeds the concentration of the base. On the more 
concentrated side of the sharp break in the curve, the solution is a mixture of the methoxide and 
the methyl carbonate, and on the more dilute side it is a mixture of the methyl] carbonate and 
excess carbon dioxide. In this very dilute range, alcoholysis becomes appreciable, and the 
values of the conductivity lie above the methyl carbonate line; when corrected for this 
alcoholysis, they lie on this line. 

Let the concentrations of methoxide originally added to the solution be ¢,, Cs, C3, cy, and c;, 
corresponding to the points A, B, C, D, and E. Let y be the fraction of base converted into 
the alkali methyl carbonate at the first point A. If Axgmecos is the equivalent conductivity of 
the methy] carbonate at this concentration, and if Axoye is the true conductivity of the base at 
this concentration, then 

Aobs. = ¥Axmecos + (1 — ¥)AKome 

A point A, is selected arbitrarily as the true value of Agoye at concentration c,. By sub- 
stituting this value in the above equation, the value of y is calculated. The concentration of 
carbon dioxide in the solution is. therefore given by yc,. For the next point the data are as 
follows : 

Total ionic concentration = Cy 

Fraction present as methyl carbonate = yc,/c, 

Fraction present as methoxide = (cy — ye) /c, 

so that the equation now becomes 
Ags, = —! Agmeoos + 2—** Axome 
Cg Cg 

where the values of the A’s are those corresponding to the ionic concentration c,. In this way 
the points B,, C,, D,, and E, are obtained. If the first arbitrary selection of the point A, does 
not give a straight line for A,, B,, C,, D,, E,,a small alteration is made in its value until the best 
straight line is obtained. The equation for this line is taken as representing the true conductivity 
of the base. This straightness is the only criterion of correctness, because there is no other 
method for determining the amount of carbon dioxide in the solvent. It is significant that it 
is only possible to obtain one straight line by the above process of correction : the choice of the 
unique straight line in preference to any of the possible curved lines is justified by the nearness 
of the slope of this straight line to the Onsager slope. 

Correction of Data for Alkali Alkyl Carbonates.—In water, it has been shown that all the 
conductivity of the solvent can be attributed to dissolved carbon dioxide. No correction need 
be applied to the conductivities of bicarbonate solutions because the bicarbonate ion will be 
present in large quantities, and will suppress the ionisation of the carbonic acid. Ethyl 
alcohol provides the other extreme case, because the conductivity can be attributed almost 
entirely to the presence of ammonium ethyl carbonate, and the conductivity of this substance 
will not be greatly affected by the presence of other ethyl carbonates (strictly a correction should 
be made for the change in the total ionic concentration). The conductivity of the solvent must 
therefore be subtracted from that of the solution. Of methyl] alcohol it is at present impossible 
to speak with certainty : some intermediate correction should be applied, because the presence 
of a methyl carbonate will not affect the ammonium methyl] carbonate, but will suppress the 
ionisation of the free methyl hydrogen carbonate. <A fair compromise is to subtract half the 
conductivity of the solvent. 

Results for Bases.—The results are set out in tabular form. At the head of each table are 
given Ag, the conductivity at infinite dilution, and x, the slope of the conductivity curve. Col. 1 
gives x, the specific conductivity of the solvent; col. 2, c x 10‘, where c is the concentration ; 
col. 3, Agots.; COl. 4, Accor; and col. 5 the differences between A, .o,r, and values of A, 
calculated from the equation A, = A, — xVc. 

For the alkali alkyl carbonates there is only one A, column, and that gives the corrected 
values. 

Methyl alcohol as solvent. 
Lithium methoxide; Ay = 94°0; * = 284. Sodium methoxide; Ay = 98°4; x = 236. 
ex 10°. Aas. Ae,corr.: Diff. cx 10". Aen. Ac.corr.: Diff. 

k= 3°692 87°20 88°5 +0°0 k= 4121 91-91 93°4 —0'1 

0°085 7°337 85°61 86°3 +0°0 0-039 7671 90°80 91°6 —0:1 
12-585 83°51 83°9 +0°0 12-672 89°15 89°7 —0°2 
18-217 81°88 82-2 +0°3 19-120 87°55 87°9 —01 
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Sodium methoxide; Ag = 98-4; + = 236. 


cx 104. 
1-434 
2-871 
4°524 
6°495 
8°666 

12°477 


Ac,obs.+ 
86°13 
86°76 
86°40 
85°79 
85-00 
83°44 


3°428 
5°851 
9-486 
13-840 
17-560 
3°139 
5°757 
11-858 
20°681 
0°4928 


0°9583 
1-602 


99°86 
99°39 
98-09 
96°66 
95°68 
99°64 
99-16 
97°21 
95°13 


98-08 
96°62 
95°55 


cx 104, 
2-160 
4:126 
7°531 

10-976 
16°472 
2-872 
5°267 
7°949 
11-690 
15-087 


Potassium methyl carbonate; A, = 98°9. 
« = 0°050 


1-802 
3°236 
5-194 
7°675 
10°002 


c x 104. 
1-957 
4°154 
6°358 
9°474 

12-151 
2-721 
6°163 
9°854 

14°584 

18-904 


Ac,obs.- 
34°60 
34°11 
33°26 
32°14 
31°27 
35°51 
33°80 
32°29 
30°77 
29°63 


Ae,corr.- 
90°6 
88°9 
87°8 
86°7 
85°7 
83°9 


Potassium methoxide; Ay = 106°8; + = 2 


102-0 
100°7 
98°9 
97°3 
96-2 
102-4 
100°7 
98-0 
95°6 


Ae. 

81-62 
79°95 
78°07 
76°62 
74°63 
80°89 
79°26 
77°86 
76°15 
74°98 


95°11 
93°71 
92°32 
90°86 
89°43 


Ac.corr.- 


36°40 
34°95 
33°81 
32°50 
31:58 
35°81 
33°93 
32°37 
30°83 
29°67 


Lithium methoxide; A, = 94:0; * = 284. 


ou 


Qeetys =wwoew & 


] 
eee 99°99 


+4+4+ 


Lithium methyl carbonate; A, = 85°3; = 265. 


Diff. 
+0°20 
+0°00 
—0°01 
+0:03 
—0°01 
+0°03 
+0°01 
+0°01 
—0:09 
—0°01 


+011 
+0°05 
+0:°07 
+0°05 
—0°22 


Diff. 

+0°01 
+0°03 
+0:00 
—0-°03 
—0°01 
“hk 0-00 
+0:°03 
—0°02 
+0°00 
+0°06 


0-024 


c x 104. 
1°864 
3°940 
6°266 
9°075 

11°579 
14°343 
17°553 


Ag,obs.- 
93°47 
92-92 
92°07 
91:05 
90°08 
89°31 
88°51 


Ae,corr.+ 
95:2 
93°8 
92°6 
91°4 
90°4 
89°6 
88°7 


Calcium methoxide. 


75°3 
757 
74:2 
71°4 
69°3 
65°5 
73°4 
76°4 
75°5 
73°8 
71:7 


1:212 
2°309 
3°385 
5°115 
6°465 
9°339 


0°835 
1885 
3°245 
4299 
5°629 


1203 


Diff. 

+0°0 
+0°0 
+01 
+0°1 
—01 
+0°0 
+0:1 


Sodium methyl carbonate; Ag = 91°0; ¥ = 277. 


« = 0°082 


« = 0°038 


cx 104. 
2-541 
4°941 
8-214 

12-103 
15°696 
1-713 
3°637 
5°402 
7671 
10°446 


# = 292. 
3°037 
5°532 
8°644 

12-217 
16°522 


Ethyl alcohol as solvent. 
Lithium ethoxide; Ay = 39°61; * = 230. 


Ae. 
86°38 
84°62 
82°84 
80°99 
79°76 
87°68 
85°96 
84°78 
83°58 
82°32 


93°76 
92°05 
90°36 
88°57 
87°05 


Diff. 
—0-06 
—0-06 
—0-04 
—016 
—0-05 
+013 
+0°05 
40°02 
40°05 
+0°06 


—0°07 
—0°01 
+0-02 
—0°16 
—0°02 


Sodium ethoxide; Ay = 43°00; * = 195. 


xk = 


0-009 


c X 104. 
1°857 
3°803 
7°180 

10°366 
15-050 
19-616 


1-198 
2-650 
4694 
7°236 
10°887 
13-891 


Ag,obs.+ 
39°00 
38°54 
37°38 
36°40 
35°20 
34°19 


38°43 
38°71 
38°08 
37°23 
36°18 
35°39 


Potassium ethoxide; Ay = 46°56; + = 205. 


43°10 
41°64 
40°11 
38°79 
37°45 
35°99 


—0°01 
+0:02 
—0°03 
—0°03 
+0-0i 
+0°03 


c= 
0°015 


0-1091 
0°2908 
0°5872 
0°7249 
0°9002 
1-116 
2-426 
3°915 
5°841 
9°025 
12-124 
16°616 


43°76 
41-90 
39°50 
39°60 
40°13 
40°66 
41°62 
41:37 
40°79 
39°82 
38°97 
37°85 


A,,corr.+ 
40°30 
39°26 
37°79 
36-72 
35°44 
34:39 
40-90 
39°82 
38°77 
37°71 
36°54 
35°68 


Diff. 
—0°05 
+0-04 
—0-02 
—0°05 
—0-05 
—0-04 
+0°05 
+0-02 
+0-06 
+0-02 
+0°05 
+0-04 
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Lithium ethyl carbonate; Ay = 35°70; x = 254. Sodium ethyl carbonate; Ay = 38°66; x = 318. 
¢ x 104. A,. Diff. c x 104. A, Diff. 
« = 0°011 2-503 31°73 +0°05 « = 0°010 1°558 34°71 +0°02 
4°777 30°15 +0°00 3°104 33°08 +0°02 
8-430 28°29 —0°04 5-422 31-22 —0°03 
12°236 26°80 — 0-02 7986 29°63 —0°04 
15°925 25°61 +0°05 10°422 28°41 +0°02 


. Potassium ethyl carbonate; Ay = 43°37; x = 360. 

« = 0°026 1-522 38°85 —0°03 Kk = 0-016 2°370 37°89 +-0°03 
3°459 36°68 +0°06 5°023 35°32 —0°03 
5°782 34°64 —0°02 9°610 32°23 +0-00 
8°343 32°90 —0-02 12-995 30°58 +0°17 

11°367 31°28 +011 18-034 28°64 +0°43 
16°412 29°15 +-0°63 


DISCUSSION OF RESULTS. 
Methyl Alcohol.—The results are set out in Fig. 2, and summarised in the following table. 


1o,0Me’- Methyl carbonate. Ao- 1g,MeCOs’: 
54°3 iMy 85°3 45°6 
52-7 45°3 
53-1 45-2 
Mean 53°3 Mean 45°4 


The agreement between the values for the mobility of the methoxide ion is fair, con- 
sidering the difficulties of the determinations. The methyl carbonate mobility values agree 
very well amongst themselves. 


Deviations from the Onsager equation. 
A = 100(*ovs. — *catc.) [%eate.: 
A. Methyl carbonate. . A. 
21 i 4 16 
20 
4 ; 23 


The deviations of the slopes of the conductivity curves from the Onsager slope, 7.¢., 
from perfect behaviour, are tabulated. These deviations are a measure of the degree of 
ion association in the various solutions. They increase with increasing Ag values for the 
methyl carbonates, as is usual with salts. For the methoxides, however, the order is 
different, and lithium methoxide shows a greater deviation from theory than the sodium 
or the potassium compound. This is anomalous. 

Calcium Methoxide.—Measurements were made with this compound to test the behaviour 
of a diacid base. As expected, it isa weak electrolyte. At the present stage it is impossible 
to make a solvent correction, because the criterion of correctness applied to strong bases, 
i.e., a straight-line A/c relation, cannot be applied in this case. In order to demonstrate 
its weakness, the results are plotted in Fig. 3, and uncorrected results for lithium methoxide 
are put in for comparison. The curves are of different forms, and the form of that for 
calcium methoxide indicates that it is a weak electrolyte. 

Ethyl Alcohol.—The results are set out in Fig. 4, and below : 


Ag- /o,0Rt’- Ethyl carbonate. Ag- 19,Et005’- 
39°6 24°7 LiEtCO, 35°7 20°8 
43°0 24°3 NaEtCO, 38°7 20°0 
46°6 24°6 KEtCO, 43°4 21-4 
Mean 24°5 Mean 20°7 


The agreement between the mobility values for the ethoxide ion is good, but that between 
the values for the ethyl carbonate ion is not so good. When Barak’s results for sodium 
ethoxide are solvent-corrected, a value of 43-1 is obtained for Ag. The position with 
respect to deviations from Onsager’s equation is exactly the same as in methyl alcohol; 
the lithium base is anomalous. 
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Deviations from Onsager’s equation. 
A. Ethyl carbonate. 
64 
36 
38 


Water Additions.—Ulich (Z. angew. Chem., 1928, 41, 1141) pointed out that the addition 
of a small quantity of water to an alcoholic solution should give valuable information as to 
the state of an electrolyte in solution. The only relevant physical property which is 
greatly affected by such an addition is the viscosity, and it might be expected that, for a 
completely dissociated electrolyte, the fall in conductivity would be equal to the rise in 
viscosity. It has been shown by Hughes and Hartley (/oc. cit.), however, that the depression 
is always less than that required by the increase in viscosity, because the ions become smaller, 
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being partially solvated with water molecules. The results are set out in Table I. The 
change produced in the conductivity is proportional to the amount of water added, so all 
results have been adjusted to 1% of water. The percentage change in the equivalent 
conductivity produced by 1% of water is given for each substance. In both alcohols 1% 
of water produces a 4° increase in the viscosity. 
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TABLE I. 


Methyl alcohol. Ethyl alcohol. 
Change in Change in Change in Change in 
Substance. A,,%. Substance. A,,%. Substance. A,,%. Substance. Ae %- 
LiOMe —2-1 LiMeCO, —2°6 LiOEt +14 LiEtCO, Ppt. formed 
NaOMe —1°3 NaMeCO, —2°0 NaOEt +17 NaEtCO, +2°3 
—2-0 KMeCO, —1°8 KOEt 41:4 KEtCO, +2°3 
+6 NH; +1 CO, +40 NH, +26 
+2 
The results in methyl alcohol are straightforward. For the strong electrolytes the 
depression is less than the 4% demanded by the viscosity increase, but this may be 
accounted for in terms of the decrease of ionic size in the presence of water. Carbon 
dioxide, ammonia, and calcium methoxide are weak electrolytes, and the presence of water 
produces a considerable increase in their conductivities. 
In ethyl alcohol, even the strong electrolytes give a small increase in the conductivity. 
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The change in the ionic size in the presence of water must be greater in ethyl than in 
methyl alcohol. When these water additions are made, the conductivity values change 
with time, taking in some cases several hours to come to equilibrium. This suggests 
that reactions of the type OEt’ + H,O == OH’ + EtOH are slow. Such drifts with 
time are also observed in methyl alcohol, but they are more rapid and the changes are 
much smaller. The drifts are in every case in the direction of lower conductivity. This 
probably means that the hydroxyl ion has a smaller mobility than the alkoxide ion in the 
corresponding alcohol. 

Glass Surfaces and the Methoxide and Ethoxide Ions.—In the opening stages of this work 
it was found impossible to obtain reproducible results with bases, but after some months 
the results settled down to steady values. Afterwards, reproducible results could always 
be obtained in that particular cell, and for a given solution the older results were always 
2—4%, higher than these reproducible values. The cell constant did not vary at all, and 
reproducible results were obtained throughout for the alkyl carbonates. It follows that the 
discrepancy can be attributed to the behaviour of the alkoxide ions. 

In tracing the discrepancy to its source, three other cells were employed besides the 
usual cell. One of these had plain platinum plates, and the others had plates coated as 
usual with platinum grey. A series of tests was made with the various cells, and the 
results given in Table II are for sodium methoxide, the same solution being used in every 
case. Two of the cells were coated inside with a specially purified paraffin wax—vaselin 
mixture. Kolthoff (loc. cit.) states that ‘it is advisable to coat cells with paraffin wax for 
use with bases in water. 

TABLE II. 
Cell. Constant. Equation. 
Usual cell (Pt grey : aged) 0:03879 98-4—234Vc* 
Similar cell (Pt grey : not aged) 0°03408 102-0—255V, c 
Small cell (Pt grey : not aged) 0-1735{ — ae 
Small cell (Pt plain: not aged) o-1sa3{ Wnwaned e pg oat 


* This result agrees well with those obtained for other sodium methoxide solutions. 


It will be seen from Table II that the platinising of the electrodes does not influence the 
results, but that the discrepancies can be attributed to some effect produced by the glass of 
the cell. This effect evidently passes away slowly with time, and can also be eliminated 
by coating the glass with wax. The values of the conductivity obtained in unwaxed or 
unaged cells are always higher than the reproducible values, and are themselves not repro- 
ducible. This suggests thai bases may have the specific power of dissolving impurities 
from the glass. If this type of effect were responsible, a drift with time of the conductivity 
values would be expected, but no such drift is observed. It is also unlikely that the per- 
centage change in conductivity would be the same over the whole range of concentrations. 
It is significant that pure solvent can stand for hours without change in conductivity in the 
same cells which give high values for bases, even though minute amounts of impurity 
would produce a measurable change in the conductivity. 


ec 


SUMMARY. 


1. The electrical conductivity at 25° has been measured for the following solutions: In 
methyl alcohol, the methoxides and methyl carbonates of lithium, sodium, and potassium, 
and in ethyi alcohol, the corresponding derivatives of the same three metals; further, 
carbon dioxide and ammonia were investigated in both alcohols, and calcium methoxide in 
methyl alcohol. 

2. The following mobility values have been determined: OMe’, 53-3; OEt’, 24-5; 
MeCO,’, 45-4; EtCO,’, 20-7. 

3. The following dissociation constants have been determined : 

In methyl alcohol: CO,,2 x 107°; NH;, 2 x 10°. 
In ethyl alcohol: CO,, 6 x 1071; NH, 1-5 x 10°”. 
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4. The nature and amounts of impurities present in the solvent have been discussed, 
and a method worked out for the solvent correction of conductivity data for bases. 


We wish to thank Sir Harold Hartley for his helpful advice and criticism, and Mr. O. Gatty, 
Mr. W. A. Macfarlane, and Mr. A. G. Ogston for assistance in the experimental work. 
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262. The Isotopic Ratio in Hydrogen: A General Survey by Precise 
Density Comparisons upon Water from Various Sources. 


By H. J. EMevEus, F. W. James, A. Kine, T. G. PEARSON, R. H. PURCELL, and 
H. V. A. BRISCOE. 


THE discovery of the isotope of hydrogen of mass 2-0135 immediately raised the question 
of the abundance ratio of the isotopes of this element in its naturally occurring compounds. 
Although the general concordance between determinations of the atomic weight of an 
element from widely different terrestrial and even meteoric sources in a number of cases 
(summarised by Aston, ‘‘ Mass-Spectra and Isotopes,” 1933, p. 186) has confirmed the 
earlier opinion (idem, “‘ Isotopes,’’ 1922, p. 113) that the evolution of the elements has been 
such as to lead to a constant proportion of the isotopes in all specimens, yet there remains 
the possibility of natural separation in a few light elements, in which the difference in 
mass between the isotopes is proportionately large and may be attended by slight physical 
and chemical differences. 

Evidently hydrogen is a peculiarly favourable case for the observation of such changes. 
It is true that the separation is rendered more difficult by the smallness of the proportion 
of the heavier isotope normally present ; but, on the other hand, hydrogen lends itself well 
to investigation, not only because of its wide distribution in the combined state, but also 
because of the facility with which it can be obtained as, or converted into, water. The 
isotopic ratio in the carefully purified specimen is then readily deduced from density 
determinations. 

Since accurate comparisons of density, rather than absolute determinations, are needed, 
these have been made by the method of flotation, which is the most precise for this purpose, 
giving comparative values more accurately than do pyknometric methods. 

The apparent ease with which water can be purified and its density determined tends, 
however, to obscure two possible sources of error, which, because of the precision of the 
flotation method, became apparent in our preliminary work, and have therefore been 
thoroughly investigated. 

Methods of purification which are satisfactory even for conductivity determinations 
or atomic weight work, are inadequate for the present purpose; more rigorous methods 
were therefore devised and tested. Secondly, there is the great difficulty of finding a source 
of water suitable for use as a standard of density. ‘‘ Conductivity water ’’ prepared in the 
usual manner, shows large variations in density, and since pyknometric determinations are 
in fact also comparative, it seems curious that none of the several such determinations 
recently published makes any reference to this difficulty. After a great deal of work, 
involving the abandonment of earlier standards and the redetermination of the densities 
of many of our samples, it was found that samples of pure water prepared from London tap 
water, as delivered at South Kensington by the Metropolitan Water Board, were, so far as 
our measurements could detect, constant in density throughout the period of the investig- 
ation (October 1933 to April 1934). This water was accordingly adopted as the standard. 

In discussing small differences of density of the order here involved the ordinary unit 
is inconveniently large. We therefore adopt the device current in microchemistry and call 
one millionth of the ordinary unit a gamma of density : 0-000,001Ad = lyd. The error 
of our comparisons is + 2 x 10°’ g./c.c. or 0-2yd, and this permits the detection of a change 
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of about 2 parts per million in the isotopic ratio of hydrogen. More than 70 samples of 
water were examined from animal, vegetable, and mineral sources. The significance of 
the results can hardly be appreciated unless by such individual consideration as follows 
later, but it may be said here that, while a majority of them had densities near that of the 
standard, many showed definite differences therefrom of as much as 2-5, 8-6, and 6-3yd 
respectively for the sources named. 

A survey of samples from various industrial processes and sources not involving electro- 
lysis showed similar variations, with the maximum values — 5-0 and + 4-6yd. On the 
other hand, waters from electrolytic plants of various types showed much larger variations 
from the standard density, amounting in the case of one Sample, from an oxygen generating 
plant, to + 30yd. 

In every case so far examined, it has been possible to account for the observed density 
differences, at least qualitatively, by the operation of some physical or chemical process 
capable of changing the isotopic ratio in the observed direction. The survey therefore 
affords no evidence that in the absence of such local influences the abundance ratio of the 
hydrogen isotopes is variable with the source. 

To elucidate this point further, we have included in our survey samples obtained by 
subjecting water fractionally to various physicochemical processes, such as distillation, 
freezing and melting, adsorption, and combination in salt hydrates, and have found that 
under suitable conditions any one of these processes except the last-named can effect an 
appreciable separation of the isotopes. 


EXPERIMENTAL. 


Purification of Samples—The nature of the impurities present varied widely from sample to 
sample. Distillates from natural hydrated minerals were relatively pure, saline waters from 
inland seas less so, and the oily sludges of the gas industry presented a very serious problem. 
Whereas the removal of salts was easily and completely effected by properly arranged distillation, 
it was necessary to destroy organic impurities by chemical means, since fractional distillation 
was inadmissible because of its effect on the isotopic ratio (p. 1219). 

At the same time it is evidently desirable that the process of purification should, in all 
essentials, be the same for all samples. After much preliminary work, the following scheme was 
adopted for all the samples here reported. In processes (6), (d), (4), and (z), small equal head 
and tail fractions were rejected. (a) Filter from suspended matter. (bb) Distil. (c) Boil under 
reflux with excess of potassium permanganate, usually with sodium peroxide, but, in certain 
special cases where organic bases were present, with sulphuric acid. (d) Distil from the per- 
manganate. (e) Repeat (c) and (d) until no further reduction of permanganate was noticeable. 
(f) Distil with a stream of oxygen through cupric oxide (from wire) kept at 800° in an electrically 
heated silica-tube furnace. (g) Boil under reflux with a small quantity of potassium permangan- 
ate and caustic potash. (hf) Distil from the permanganate. (i) Redistil through a special spray 
trap in an apparatus wholly of Pyrex glass with ground joints. (7) Remove dissolved gases by 
boiling in a vacuum. 

In some cases special treatments were added to this procedure; e.g., milk was first treated 
with sulphuric acid to precipitate the casein, while blood had a preliminary wet oxidation with 
potassium permanganate and phosphoric acid to destroy the bulk of the organic matter. Special 
importance is attached to the high-temperature oxidation (f) of all samples, because we repeatedly 
found that it was thus possible to destroy impurities which were extremely resistant to wet 
oxidation. It is our considered opinion that any purification dependent wholly upon wet 
oxidation must, in many instances, be untrustworthy. 

All apparatus used in the purification process was of Pyrex glass or silica. In those cases 
where the joints were not ground, they were made with tin foil, so that neither water nor water 
vapour made contact with any surface other than tin, Pyrex glass, or silica. The glass and 
quartz vessels were first freed from grease by means of hot chromic-nitric acid solution, then 
extracted for at least 24 hours with concentrated nitric acid at 100°, rinsed thoroughly with 
freshly distilled water, thoroughly steamed in an inverted position over the generator shown in 
Fig. 1, dried at 110° in an air-oven specially reserved for this purpose, and then used immediately. 

The dry-oxidation process [stage (f)] was effected in the apparatus shown in Fig. 2. Oxygen 
from a cylinder and steam from the Claisen flask A were led directly into the 2-inch-bore, glazed 
Vitreosil tube B, which carried a nichrome winding and was heavily insulated with asbestos. 
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The joint between flask and furnace, made by a cork covered with tin-foil, was cooled by circulat- 
ing water in a spiral of metallic tubing C and protected from radiant heat by an asbestos shield 
just within the furnace. In the heated portion, some 10—12 inches in length, the tube was 
packed with copper oxide (from wire) the silica being protected from reaction therewith by a 


Fie. 1. 


— 
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lining of asbestos paper. Beyond the heating element, the furnace tube was drawn down to 
about } inch external diameter, and at the exit made a sliding fit into the Pyrex adaptor D 
which led directly to the condenser E. 

Before use, the furnace was kept for several hours at its maximum temperature, 800°, in a 
current of oxygen, and then the sample, often about 
500 c.c., was distilled through it with oxygen in the 
manner already described. 

Refluxing with, and distillation from, permanganate 
(stages c, d, e, g, and h) were carried out in the apparatus 
shown in Fig. 3, so constructed (of Pyrex, with ground 
joints) that steam from the sample in A, scrubbed 
thoroughly from spray in the column B which is packed 
with glass rings 4mm. X 4mm., may be condensed and 
returned with the condenser in the higher position 
(refluxing) or collected as a distillate by turning the 
condenser into the lower position. The final distillate 
in each case was kept in a Pyrex flask (previously ex- 
tracted with acid and steamed thoroughly) and protected 
by a cap of tin foil. 

To test the efficacy of the purification process, 
samples of pure water of known density relative to the 
standard were purposely contaminated and then re- 
purified. In one case, 500 c.c. of water were contaminated 
by adding 2 g. of phenol, 1 g. of benzene, and 1 c.c. of 
pump oil; and in another, the added contamination 
comprised 1 g. of sodium chloride, 2 g. of potassium 
tartrate, 1 g. of methyl acetate, 2 g. of phenol, 1 g. of benzene, 3 g. of pyridine, and 1 c.c. of very 
dirty pump oil. After purification the densities of both samples agreed with that of the original 
water within 0-2yd. 

In the course of the work other proofs of the soundness of the purification process were 
obtained ; e.g., the density of a sample of “‘ conductivity ” water prepared from tap-water was 
measured first as delivered from the still and then after going through all the stages of purification: 


Fie. 3. 
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the results agreed within 0-2yd, and this affords a satisfactory (and essential) proof that the 
purification process does not of itself produce any detectable change in the isotopic ratio. 

With such a sample, obviously, the dry oxidation over copper oxide at 800° might be omitted, 
but it was always employed for the sake of uniformity. How necessary it was for many of the 
specimens can be illustrated by a few examples. Several of the fruit-juice samples, which one 
might regard as being very amenable to wet oxidation, were measured both before and after the 
copper oxide treatment. It was found that the omission of dry oxidation left impurity in the 
water sufficient to produce a density difference from the true value of as much as 1-2yd. With 
samples containing difficultly oxidisable sulphur or nitrogen compounds, permanganate oxidation 
alone proved quite insufficient to purify the water completely, and, indeed, in certain intractable 
cases as many as four copper oxide combustions were necessary to obtain pure water, as judged 
by its attaining constant density. A case in point is the water from rhubarb, which gave the 
following flotation temperatures after four successive applications of the treatments (f) to (7) 
inclusive : (1) 20-383°, (2) 20-342°, (3) 20-335°, (4) 20-335°. Similar difficulty was experienced 
with milk, blood, bile, urine, tomatoes, and pineapples. 

We direct special attention to this point because it is evidently important that others engaged 
in the examination of waters from various sources should realise how essential a dry combustion 
may be, even in unexpected cases like some of those cited above. The samples after thorough 
wet oxidation appear to be perfectly pure; they are colourless, odourless, and without any 


Fic. 4. Fie. 5. 
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action on permanganate, and we might easily have accepted them as being pure at this stage but 
for the fact that the nature of certain industrial samples, such as “‘ devil liquor ’”’ and phenol 
distillates, had forced us to include the dry oxidation in our scheme. 

Density Determinations.—A critical consideration of the methods available for precise 
determinations led us to adopt the method of flotation, which was used for accurate measurements 
of the density of ice 72 years ago (Dufour, Compt. rend., 1862, 24, 1080) and was later developed 
to a high degree of precision by Richards and his collaborators (Richards and Shipley, J. Amer. 
Chem. Soc., 1912, 34, 599; 1914, 36, 1; Richards and Harris, ibid., 1916, 38, 1000). The method 
consists essentially in observing directly the temperature at which a float completely immersed 
in the liquid remains exactly suspended, neither rising nor falling. The coefficient of expansion 
of the liquid being known, a second similar observation with the same float in the standard 
liquid gives a direct comparison of the densities. Evidently the chief requirement is a float of 
convenient density, unchanging in size and weight and insoluble in the liquid. The only other 
requisites are insoluble containing vessels for the liquid, accurate thermometry, and a thermostat 
capable of holding a temperature constant within the error of the thermometry and yet adjustable 
in temperature over a range of several degrees. 

Floats. Fused silica is the ideal material for floats because of its small thermal expansion, 
great elasticity, mechanical strength, permanence, and complete insolubility (Richards and 
Harris, Joc. cit.). The design of the float is of some importance. Whereas Richards and Shipley 
(loc. cit., 1912) advocated a fish-like form, we have found that a slim cylindrical float (Fig. 4) is 
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preferable, since its movement responds more rapidly and certainly to small differences in the 
density of the liquid. The floats used were about 75 mm. long x 4 mm. in diameter, and had a 
ring at the top so that they could be handled conveniently by means of a glass hook. 

Richards and Harris (loc. cit., p. 1001) found that their floats changed considerably in density 
with time; ours, however, showed no change whatever in 5 months, although they were con- 
stantly under observation from the day they were made. This is probably a consequence of the 
fact that our floats, being drawn from 4-mm. silica tubing, were worked only at the ends, whereas 
Richards’s floats were evidently worked in the making over their whole surface. 

Flotation vessels. The containers used for the flotation temperature determinations were 
large test-tubes of the form shown in Fig. 4, provided with ground-in stoppers which served as 
spray traps during the out-gassing of the liquid by boiling ina vacuum. They were made of 
Pyrex glass. Richards and Shipley (/oc. cit.) have shown that borosilicate glasses are not 
appreciably dissolved by water, even after 2 months’ standing, and we have found repeatedly 
in the course of this investigation that water can be kept for some days in vessels of Pyrex or in 
Jena resistance glass without measurable change in density. 

After preliminary cleansing with hot chromic-nitric acid, the tubes were extracted with nitric 
acid at 100° for 24 hours, and then thoroughly washed and steamed. On each subsequent 
occasion of use, they were first treated with nitric acid at 100° for one hour and then washed and 
steamed. 

Thermometry. In general, flotation temperatures were determined by mercury-in-glass 
thermometers specially made for this work by Messrs. Calderara, London. They had a range of 
10° (12—22°) and were graduated in 0-02°, these graduations being so spaced (about 1 mm. 
apart) that it was possible, with the aid of suitable magnifiers, to estimate the temperature 
within + 0-001°. This accuracy of reading was repeatedly checked by getting two or more 
independent observers to read the same steady temperature. 

Three such thermometers were used in each observation, two in the thermostat bath and one 
in the sample, and they were frequently checked against each other. During the whole course 
of the first four months of the work the maximum observed discrepancy between them was 
0-003°, and this value was attained only on a few occasions. Later, one of the thermometers 
suddenly changed and then read constantly 0-005° lower than the other two. As a check, 
therefore, a highly sensitive platinum resistance thermometer was constructed (with the kind 
co-operation of Prof. Gregory of the Physics Department of this College), which, used in con- 
junction with a special bridge (F. E. Smith’s “‘ difference bridge ’’) and a galvanometer sensitive 
to 0-001 microamp., gave readings of temperature which could be duplicated within 0-0005°. 
When the mercurial thermometers were compared with the resistance thermometer (allowance 
being made, of course, for the effect of pressure on the former) the results agreed within +0-001°. 
It seems justifiable to assume, therefore, that the error of the temperature determinations in 
general does not exceed this amount. This is important because, as will appear later, the pre- 
cision of the density comparisons is essentially that of the comparison of flotation temperatures. 

Thermostat. A thermostat of 201. capacity was used, the temperature of which could be set 
to + 0-001° and automatically held within the same limits. In practice the temperature of 
the sample never varied by an amount appreciable on the mercurial or platinum thermometers. 

Measurements. The containing vessel, cleansed as already described, was rinsed with three 
small portions of the sample to be measured, and then 150 c.c. of the sample were introduced, 
the stopper, connected to a water pump, was pushed home, and the sample was thoroughly 
out-gassed by boiling in a vacuum for 3 minutes. 

The float was now brought into the water, the thermometer, supported in a stopper covered 
with tin foil, was placed in position, and the container was immersed in the thermostat to 
within a few cm. of its mouth, and left until it attained the bath temperature. Stirring was 
effected by gentle movements of the thermometer, and the position of the float in the still water 
was adjusted by the same means. The float was observed with a cathetometer telescope having 
a Leitz micrometer eye-piece graduated in 0-001 mm., the general arrangement of the apparatus 
being as shown in Fig. 5. 

As Richards and Shipley had found (loc. cit.), a change of 0-001° at the flotation temperature 
sufficed to reverse the direction of motion of the float, but it is an extremely tedious matter to 
attain the exact temperature of flotation by a process of trial and error. We have found, how- 
ever, that over a small temperature range, of the order of 0-1°, the velocity of the float (which is 
substantially constant at a given temperature) shows a strictly linear relationship with the 
departure from the true flotation temperature, and this has enabled us to reduce substantially 
the time required for an observation. The relationship is clearly shown by the typical set of 
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figures given in Table I, where, alongside the observed data (the temperature, JT, and the time 
in seconds taken for the float to move through 1 mm.), are given the difference (AT) from the true 
flotation temperature (7,) and the velocity for the float (in mm./10 sec.), which are plotted in 
Fig. 6. 


TABLE I. 
Effect of Temperature Differences on Velocity of Float. 
Observed. Calculated. Observed. Calculated. 


Time of Average Time of Average 
movement velocity, movement velocity, 
through 1 mm. /sec. through 1 mm. /sec. 

 - mm. (secs.). AT. x 10. 2 mm. (secs.). AT. x 10. 
20°354° 15 +0:019° 0°67 20°335° 960 +0°000° 0°01 
20°344 30 +0°009 0°33 20°332 100 —0°003 0°10 
20°338 85 +0003 0°12 20°326 33 —0-009 0°30 
20°336 250 +0°001 0°04 


Evidently, since we are dealing with a particular float in the same substantially pure liquid, 

the true flotation temperature can be determined by observing the velocity of the float at any 

neighbouring temperature, and then adding 

Fic. 6. algebraically the corresponding increment of 

+0020°7 temperature read from the graph. As an 

example of the method, the following observ- 

ation is given: 

At 20-330° the float rises 1 mm. in 

100 sec. ; therefore V = 0-10 mm./10sec., 
whence, from the graph AT = 0-003°. 

Since the float is rising, the observed 

temperature is below the true flotation 

Velocity up. temperature, which is, therefore, 20-330° 


L 1 1 DP poe, i ° 
10 08 06 04 02 0204.06 08 +o ae: 

Velocity down. In practice, for each flotation temper- 
mm. per seconds W. ature at least three observations were made 
at different temperatures, each such that the 
velocity of the float did not exceed 1 mm. in 
80 secs. It appears that the mean of the 
values so obtained should not differ from the 
true value by more than + 0-0005°; there- 
fore the limit of precision in the method is 
1-9.920° that of the temperature observation, repre- 

sented by an error not exceeding + 0-001°. 
Actually, the error of the determination is rather less than this, since the result is the mean of 
three or more observations. The method of interpolation is extremely advantageous in that 
it enables a flotation temperature to be determined, by three observations, within an hour. 

Certain features of the measurement are noteworthy. The “ sticking ”’ of the float recorded 
by previous workers (Richards and Harris, Joc. cit.; Robinson and Smith, J., 1926, 1273) was 
again observed. This has usually been attributed to the electrical charging of the float, but it 
is difficult to see how in water, however pure, the charge can thus be localised. What is observed 
is an attraction of the float to the wail of the container and it is there, we believe, that the charge 
must reside. In any case, it was easy to overcome the effect by rolling the float gently round 
the wall of the tube by means of the thermometer. 

Direct experiment showed that the flotation temperature was unaffected by pressures up to 
0-5 atm., a conclusion confirmed by the fact that at a given temperature the rate of movement of 
the float was quite constant through 10 cm. depth of liquid. It follows that the compressibility 
of the float was the same as that of water, a result in agreement with the observation of Richards 
and Harris (/oc. cit.) that whereas, with soft-glass floats, the flotation temperature changed by 
— 0-00041° per mm. change of pressure, yet the corresponding change with floats of borosilicate 
glass ranged from + 0-00002° to — 0-00006°. 

On the other hand, we are quite unable to account for the statement by the same authors 
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that dissolved air has no effect on the flotation temperatures. Numerous comparative measure- 
ments on conductivity water as it came from the still and again after removal of dissolved gas 
showed conclusively that out-gassing raised the flotation temperature by about 0-01°. As a 
further check on this point, a sample of water was examined (a) as it came from the still, (b) after 
out-gassing in a quartz vessel, and (c) after resaturation with gas by 20 minutes’ passage of a 
stream of air freed from carbon dioxide. The observed flotation temperatures were (a) 20-314°, 
(b) 20-323°, (c) 20-314°. These very definite results agree with several earlier determinations by 
pyknometric methods (Marek, Wied. Ann., 1891, 44, 171; Chappuis, Trav. Bur. Int., 1910, 14D; 
Frivold, Physikal. Z., 1923, 24, 86). 

In every case the measurement of flotation temperature was made at atmospheric pressure, 
immediately after out-gassing, the extent of re-solution of air in the liquid (which is perfectly 
still) being negligible during the period of measurement. 

The figures for purified tap-water given in Table II are important because they serve to show 
the concordance of the determinations and also to prove the suitability of tap-water as a standard 
of density. The data relate to six samples of water, taken on the days specified, each sample 
being subjected independently to the stages of purification already described (p. 1208). The 
observed variations, therefore, include, not only the errors of the observations, but also errors arising 
from the purification process and any variations in the standard, and it seems clear that all these 
sources of error taken together do not affect the flotation temperature by more than + 0-001°. 


TABLE II. 


Date, 1934. Flotation temp., 7,. Diff. Date, 1934. Flotation temp., 7,. Diff. 
20°335° nil Feb. 8 20°335° (—) nil (+) 
20°335 nil » 16 20°335 nil 
20°334 (+) —0-001° (—) ~ 20°336 +0-001° 

Means 20°335 0-000 


The Standard Water.—The grounds for our rejection of conductivity water (p. 1207) are to be 
seen in the following random observations of T, (made between Nov. 17th, 1933 and Jan. 3lst, 
1934) on conductivity water, prepared in the usual way by distillation in a counter-current of 
purified air using a copper still and a block-tin condenser: 20-321°, 20-323°, 20-323°, 20-322°, 
20-302°, 20-311°, 20-302°, 20-302°, 20-305°, 20-302°, 20-321°, 20-330°, 20-329°, 20-329°. The 
density of this water was invariably Jower than that of the original water from which it was 
prepared. Also, the magnitude of this density difference is much greater than would be antici- 
pated from the degree of fractionation possible in the still. It appears that most of the density 
difference is attributable to the effect of the air-current, and that it may well be due in the main 
to a process of partial isotopic separation by diffusion. ° 

The tap-water (see above), subjected to purification according to the scheme already 
described, had a flotation temperature of 20-335° + 0-001°. The absolute density of water at 
this temperature according to the best available data (Thiessen, Scheel, and Diesselhorst, Wiss. 
Abh. Phys.-Tech. Reichsanstalt, 1900, 3, 69; Chappuis, Trav. Bur. Int., 1904, 13) is 0-998160, 
but it will be observed that the error of this absolute value is at least five times the error of our 
comparisons. 

Results. 


In the tables which follow there are recorded for each sample, the serial number, the source, 
and the flotation temperature, 7,, together with the corresponding value, Ty,o, for the standard 
water determined about the same time in order to obviate any error which might otherwise arise 
from changes in the float. The last two columns give, in each case, the value of T, — Ty,o, 
and the corresponding density difference between the sample and standard water expressed in 
yd. Appended to each table, where necessary, are notes giving further details of the sources of 
the samples. 

Table III records the data for samples of natural water and mineral water of hydration. 
Water from a Sumatran spring has the same density as the English surface waters represented 
by the S. Wales spring water and London tap-water. Though the difference of the dew-pond 
waters from the standard is small, it may well be significant, since the low value for the Dorset- 
shire dew-pond is consistent with its being derived from condensation of atmospheric water 
vapour, and various accidents might conceivably account for the slight heaviness of the other 
sample. 

our results confirm the relative heaviness of Dead Sea water, already recorded by the 
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Bureau of Standards, which is almost certainly due to a concentration of the heavier isotopic 
water by low-temperature evaporation. The same cause probably accounts for the slight but 
definite increase of density in the water of Lake Pangong, where, although the evaporation is 
much less than in the salt lakes such as the Dead Sea or the Great Salt Lake of Utah, the efficiency 
of separation by evaporation would be greater owing to the lower temperature and pressure 
existing at an altitude of 13,500 ft. 

If the Bureau of Standards’ density for Dead Sea water be taken as identical with ours, their 
value for tap-water is also in agreement with ours; which may be taken as further evidence that 
surface waters generally are alike. 


TABLE III. 
Natural Waters and Water from Mineral Hydrated Salts. 
ms T, — Tro 
No. Origin. 7} Tx,0- x 10°. Ayd. 
1 London water 20°335° 20°335° 0 0 
2 South Wales, spring water 20°335 a 0 0 
3 Dew-pond, Dorset 20°332 s — 3 —0°63 
4 Dew-pond, near Salisbury 20°337 a + 2 +0°42 
5 Sumatra, spring water 20°335 is 0 0 
6 Tibet, 13,500 ft. 20°342 a + 7 +147 
as { 20°345 20°333 | - 
7 Dead Sea \ 20-347 20-335 f +12 +2°52 
Water of hydration of minerals. 
8 Rasorite 20°365 20°335 +30 +6°30 
‘ 20°347 ai +12 +2°52 
9 Tincal { 20:349 . 414 42°94 
10 Carnallite 20°351 is +16 +3°36 


Notes on Origin of Samples. 
2. Spring water from Rosebush, Precelly, South Wales. 
3 and 4. By courtesy of Prof. H. B. Baker. 
5. From a spring of carbonated water on the east coast of Sumatra; by courtesy of Prof. F. Paneth. 
6. From Pangong Lake, Ladakh, Kashmir, altitude 13,500 ft., collected by Capt. C. E. C. Gregory, 
Royal Gharival Rifles; by courtesy of the Natural History Museum, South Kensington. 
7. Obtained by the courtesy of Sir John Cadman and the officials of the Anglo-Persian Oil Co., Ltd. 
8 and 9. Kindly supplied by Messrs. Borax Consolidated, Ltd., from their Californian deposits. 
10. Obtained from the Stassfurth deposits, by the courtesy of Prof. V. C. Illing, Royal School of Mines. 


Because the hydrated minerals, Samples 8—11 inclusive, have probably been deposited 
during the evaporation of saline lakes, it is not surprising that their contained water should be 
heavy. The marked difference in this respect between rasorite (Na,B,O,,4H,O) and tincal 
(Na,B,O0,,10H,O), occurring as they do in contiguous deposits, is curious. As the former has 
never been obtained artifically, nothing is known with certainty of its origin, but the marked 
heaviness of its water might possibly be accounted for were it produced by the slow dehydration 
of a primary decahydrate, and may, indeed, be held to afford some evidence for that mode of 
origin. 

Table IV refers to a number of waters of vegetable origin, many of which show small increases 
in density. It is puzzling that the water of Cuban grape-fruit is light. On the other hand, a 
general survey of the positive values of Ayd suggests that they may be accounted for in the main 
by evaporation. The case of the tomato is particularly clear, since the plant is known to exhibit 
a large evaporation of water and the effect of this is more marked in Canary Islands tomatoes, 
grown in the open, than in English forced tomatoes grown under conditions tending to restrict 
evaporation. 

Water from the combustion of sucrose (No. 17) is quite remarkably heavy, and this point 
merits further investigation. The sample was derived from both cane- and beet-sugar. Speci- 
mens of the two sugars (West Indian cane-sugar and Norfolk beet-sugar respectively) were burnt 
in oxygen and the resulting waters were condensed and purified. It was then found that the 
samples were rather small for purposes of measurement and so the two were united. 

The water of the willow (Salix caprea) was investigated because it afforded a good means of 
comparing our results with those of the Bureau of Standards (Washburn and Smith, Science, 
1934, 79, 188), who had already investigated Salix nigra. As in their case, our “ sap ’’ water 
was obtained from the twigs by drying out at 150°, and the ‘‘ wood ”’ water by burning the dried 


























The Isotopic Ratio in Hydrogen. 


TABLE IV. 
Waters of Vegetable Origin. 
To. ~~ Tom 

No. Source. | Ty.0- x 108. Ayd. 

1 Orange, South Africa 20°328° 20°324° + 4° +0°84 
: 20°324 20°324 0 0 

2 Coco-nut milk 20:334 20335 a 0-2 

‘ 20°321 20°324 — 3 —0°6 

3 Grape-fruit, Cuba 20-331 20°335 coed _0°8 
4 Lemon, Italy 20°331 20°324 + 7 +1°47 

5 Melon, Rumania 20°326 20°327 — 1 —0°2 

6 Pumpkin, Central U.S.A. 20°336 20°335 + 1 +0°2 
7 Marrow, England 20°340 20°335 + 5 +1:05 
8 Pineapple, Hawaii 20°349 20°335 +14 +2°94 
9 — South Africa 20°348 20°335 +13 +2°73 
10 Pomegranate, Palestine {a ane 4 : Sane 
° { 20°347 20°335 12 2°52 
1 Tomato, English (forced) { oa Pane be pre 
20°356 20°335 +21 +441 
12 » Canary Islands 90.353 20335 +18 43°78 

13 Turnip, England 20°334 20°335 — 1 —0°2 
f 20-342 20-335 + 7 +1:47 

14 Cabbage, England (20°345 20:335 +10 42:10 
15 Onion, Holland 20°337 20°335 + 2 +0°42 

16 Rhubarb, England 20°335 20°335 0 0 
17 Sucrose 20°376 20°335 +41 +8°61 
: 20°352 20°335 +17 +3°57 
18 Salix caprea, sap 20°353 20335 +18 43°78. 
QF . 5 
» wood oo ee) +315 


twigs and condensing the products. The American results (sap + 2-8yd; wood + 5-4yd) differ 
from ours only by amounts which may well be accounted for by the different species and habitat 
of their material. 

The waters of animal origin (Table V) represent but a few random cases, and it is clear that 
they leave much room for further work. The two samples of ox-blood are probably representa- 
tive, and so significance may attach to their being distinctly heavy. The sample of cow’s milk, 
being drawn from a mixed supply, should also be representative. There is at present no evidence 
of a simple reason for its lightness. The samples of human milk and blood clearly cannot be 
regarded as representative, but they offer an invitation to further investigation inasmuch as they 
suggest that considerable variations may occur in the heaviness of the water in human fluids. 


TABLE V. 
Waters of Animal Origin. 
. ° T, a Tx,o 

No. Index. Description. T. Tu.0- x 108. Ayd. 

‘ ° -Q970 es __ ts 

1 U.1 Urine, human ae prea : ; 2 
2 AN.6 Milk, human pobor ss a oe : + } 42:31 
3 AN.5 Blood, human 20-340 20°335 + 5 +1:05 
; 20°331 20°335 ~ @ —0°84 
4 M.1 Milk, cow's 20:332 20:335 «at —0°63 
5 AN.3 _ Blood, ox { pode pity +h) 42:52 
6 AN.4 “ 20°344 20°335 +9 +189 


Notes.—AN.6. Average sample from several persons, 2 or 3 days after parturition. 
AN.5. From a female, age 50, suffering from polycythemia. 
M.1. United Dairies Company’s supply. 


In many ways the data for industrial waters given in Table VI are the most interesting. It 
is well known that electrolytes contain the heavy isotope, roughly in proportion to the extent of 
electrolysis, and this is exemplified by Nos. 1, 2, and 5. The hydrogen generated from No. 2 
was led to a gas-holder, where it deposited the slightly heavy moisture No. 3, and then was 
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compressed to about 20 atm., in large cylindrical reservoirs. Here it deposited a good deal of 
water (No. 4) which had been carried as vapour, and this water is markedly light.* 


TABLE VI. 
Waters from Industrial Sources. 


T, — Tuo 
No. Index. Origin. : Tu,o- x 10%. Ayd. 
1 S.1 Caustic soda electrolyte 20°469° 20°324° + 145° +30°4 
2 H.1 s a pe 20°422 20°327 + 95 +19°9 
3 H.3 From gas-holder trap, ex H.1 20°353 20°335 + 18 + 3°8 
4 H.4 From compressed hydrogen, H.1 20°311 20°333 — 22 — 4:62 
5 V.1 ee bath 20°329 20°324 + 5 + 1:05 
6 G.1 Separated water from oil: recovered 20°321 20°324 — 3 — 06 
benzol 
7 G.2 Ditto: active-carbon recovered 20°311 20°324 — 13 — 2°73 
8 G.3 Ditto: acid-refined benzol 20°334 20°335 — 1 — 02 
9 G.4 Water from distillation of crude car- 20°323 20°324 — 1 — 02 
bolic acid , 
: «ns : 20-303 20°327 
10 G.5 Water from carbolic finishing still \ 20-311 20335 — 24 — 5°04 
11 G.6 Glover-tower distillate 20°341 20°335 + 6 + 1:26 
12 G.7 C.O.V. distillate 20°345 20°335 + lu + 2°10 
13 AP.1 Burnt fuller’s earth from oil refinery 20°357 20°335 + 22 + 4°62 


Samples 6 and 7 are waters obtained as the first runnings in the distillation of coal-tar benzols 
recovered by oil washing and by the active-carbon process respectively. In both cases the water 
is light, presumably because it has been carried as vapour in the gas prior to benzol recovery. 
It seems unlikely that the separation of light water has been effected by the process of preferential 
solution in benzol, since the first runnings from acid-refined benzol (No. 8) are practically normal 
water, 

The very low value for Sample No. 9, from the first runnings of a crude carbolic distillation, 
is less easily accounted for, unless there be a preferential retention of heavy hydrogen in phenolic 
hydroxyl. This is not, perhaps, improbable, since Samples 11 and 12 afford evidence that the 
water held by sulphuric acid is distinctly heavy. This is shown even in the earliest stages of 
concentration in the Glover tower and is more marked in the further stage of concentration 
to C.0.V. 

The last sample (No. 13) was obtained from the specified source by burning, condensation, 
and purification. The markedly high result probably indicates that liquid hydrocarbons rich in 
heavy hydrogen are preferentially adsorbed. 

Table VII records the data for water from several concentration processes, and the manner 
in which the samples were obtained is indicated below. 

With the kind co-operation of the Milford Haven Ice Co., Ltd., one of us (F. W. J.) secured 
samples representing ice first formed in the freezing of water and also the last fraction of water 
remaining unfrozen. The freezing tanks were of about 120 kg. capacity and were filled with 
ordinary supply water (MH.1). They were cooled ina brine-bath kept at about — 5°, freezing 
took about 24 hours, and each block of ice then contained a core of about 500 c.c. of water still 
unfrozen, an average sample being taken from about 50 blocks (MH.2). The blocks are released 
from the tanks by a brief immersion in hot water, and since the ice so melted is evidently that 
first formed, an average sample of the resulting water was taken (MH.3). The results show that 
the ice first formed is distinctly heavy, and the water last to freeze correspondingly light. In 
confirmation of the former observations about the lightness of water carried as vapour, we find 
that the hoar frost condensed on the colder parts of the plant (MH.4) is also light. 

The isotopic separation in water by freezing disclosed by these results throws light on an old 
mystery, the marked difference in density between natural and artificial ice, illustrated by the 
data in Table VIII. It is evident, as was first pointed out by Nichols (Physical Rev., 1899, 8, 


* In connexion with these samples we acknowledge our indebtedness to Mr. E. Cone, of the Southern 
Oil Co., Ltd., Trafford Park, Manchester; to Mr. E. Knowles, of the International Electrolytic Co., Ltd., 
who has given us much help and advice in connexion with the characteristics of his cells, which are 
very generally used for the production of electrolytic hydrogen and oxygen; to Messrs. W. G. Adam, 
H. Hollings, and F. M. Potter, of the Gas Light and Coke Co., for the interesting samples (Index G) ; 
and to several others too numerous to mention. 
























TABLE VII. 
Waters Resulting from Concentration Processes. 
No. Index. Description. Ts. Tu,o- 
Refrigeration plant. 
1 MH.1 Original water 20°335° 20°335° 
2 MH.2 Residual water 20-322 " 
3 MH.3 Ice first formed 20°340 3 
4 MH.4 Hoar frost 20°321 a 
Large-scale crystallisation of alum. 
5 X.1 Original water 20°327 20°335 
6 X.2 First-crop crystals 20°342 s 
7 X.3 Fourth mother-liquor 20°339 a. 
8 X.4 Fourth-crop crystals 20°340 wi 
Laboratory crystallisation of sodium sulphate. 
9 J.1. Water used 20-400 20°335 
10 j.2 Crystal water 20°400 ns 
ll J.3 Mother-liquor 20-400 BY 
Adsorption : silica gel. 
12 Ad.1 Water adsorbed : 24 hours 20°330 20°328 
13 Ad.2b . a 8 weeks 20°338 20°336 
14 Ad.2¢@ Supernatant water 20°334 " 
Adsorption : charcoal. 
15 Ad.3b Water adsorbed : 8 weeks 20°337 20°336 
16 Ad.3a Supernatant water 20°332 - 
Distillation : 48-in. vacuum column. 
17 Original water 20-400 20°336 
18 Head fraction 20-400 ~ 
19 Tail fraction 20°462 os 
Distillation ; 25-ft. column. 
20 Original water 20°335 20°335 
21 Tail fraction 20°367 pa 
Thermophylic cotton fermentation. 
22 E.1 Residual water 20°337 20°335 
23 E.2 Cotton-press extract 20°335 aa 
TABLE VIII. 
Density of Ice. 
Ref. Method of experiment. Kind of ice. 
1 Weighing in liquid Natural 
2  Dilatometric Artificial 
3 Flotation in CHCl,—petroleum ie 
4 Dilatometric ” 
5 o” 


Weighing in liquid 


Volume by displacement 
6 Weighing in water 
7 Direct weighing of buoyancy in mercury Artificial 


aoa wre 


. Brunner, Pogg. Ann., 1845, 64, 116. 
. Dufour, Compt. rend., 1862, 34, 1080. 
. Nichols, Joc. cit. 

. Barnes, Physikal. Z., 1901, 3, 81; Barnes and Cooke, Trans. Roy. Soc. Canada, 1902, 8 (iii), 143. 
. Vincent, Proc. Roy. Soc., 1902, 69, 422. 
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The Isotopic Ratio in Hydrogen. 


* Natural (icicles) 


(new pond ice) 


(pond ice 1 year old) 


(new pond ice) 
(new and old) 


Hs0 
x 103. Ayd. 
0° —- 
— 13 — 2°73 
+ 5 + 1:05 
— 14 — 2°94 
— 8 — 1-68 
+ 7 + 1:47 
+ 4 + 0°84 
+ 6 + 1:26 
+ 65 +13°4 
+ 65 +13-4 
+ 65 +13-4 
+ 2 + 0°4 
+ 2 + 0°4 
— 2 — 0-4 
+ 1 + 0°2 
— 4 — 08 
+ 64 +13°4 
+ 64 +13°4 
+126 +26°5 
0 0 
+ 32 + 67 
+ 2 + 0-4 
0 0 
Density. 
Natural. Artificial. 
0°9179 
0°91567 
0°9177 
0°91674 
0°91619 
091603 
0°91795 
0°91792 
0°91623 
0-91760 
091661 
0:9160 
09165 


Means 0°9174 


2. Pliicker and Geissler, ibid., 1852, 86, 265. 
4. Bunsen, Pogg. Ann., 1870, 141, 1. 





21), that this difference (about 1 part in 900) is much greater than any conceivable experimental 


error in the density determinations, and must be real. Hitherto, it has been quite unaccountable. 
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Now it is apparent that the samples of natural ice giving high results (0-9179—0-9176) had been 
formed in every case by the selective freezing of a small fraction of the total mass of water, and 
must, therefore, have contained a relatively high proportion of ‘‘ heavy” ice. Though pure 
‘‘ heavy ” ice is believed to be lighter than ordinary ice, it is not unlikely that the presence of a 
small proportion of the heavier isotopic water may actually increase the density of ice. The 
samples of artificial ice, on the other hand, have been obtained by freezing the whole or the greater 
part of the mass of water under investigation, and give what is to be regarded, presumably, as the 
true value for ice from ordinary water. It is notable that the few samples of o/d natural ice 
examined have a lower density (0-91623 for pond ice a year old, and 0-91661 as an average value 
for samples of St. Lawrence River ice kept in storage for various periods up to 3 years). The 
reason for this is still obscure. 

For the specimens X.1—X.4 we are indebted to Messrs. Peter Spence & Sons, Ltd., and 
particularly to Mr. H. Spence and Mr. I. P. Lewellyn, who very kindly undertook for us the 
following experiment. 

Potash alum was dried in a vacuum stove as far as possible without decomposition of the salt : 
it then contained about 80% of anhydrous alum and 20% of water; 338 lbs. of this alum were 
dissolved in 320 lbs. of water (X.1) and crystallised. A considerable loss of water by evaporation 
occurred. The alum crystals were rejected, and the mother-liquor, weighing 100 Ibs., was 
saturated hot with 85 Ibs. of fresh driedalum. This yielded on crystallisation 144 Ibs. of drained 
crystals and 30} Ibs. of mother-liquor, 104 Ibs. of water being lost by evaporation. The mother- 
liquor was again saturated, using 26 Ibs. of dried alum, and on cooling yielded 42} lbs. of drained 
crystals and 11} lbs. of mother-liquor, 2} lbs. of water being lost. In the fourth and last 
crystallisation carried through in the works laboratory under conditions preventing evaporation, 
13} lbs. of dried alum were used to saturate the mother-liquor, and the product was 3} Ibs. of 
mother-liquor (X.3) and 22} Ibs. of drained alum crystals (X.4). The loss of 1 Ib. in the total 
weight is attributable to the rinsing of the crystals with 250 c.c. of distilled water. The original 
water (X.1), being condensed steam, was light, while that contained as water of crystallisation 
in the first crop of crystals (X.2) was heavy by about 1-5yd. In this crystallisation, however, 
a good deal of evaporation occurred, and it is probable that this is responsible for the whole of 
the increase in the proportion of heavy water. In the second and third crystallisations evapor- 
ation was minimised, while in the fourth it was prevented entirely. The result for the water of 
crystallisation in the last crop of crystals (X.4) is about what would be anticipated if slight 
evaporation had served to balance the addition of a small amount of light water (as residual water 
in the dried alum), and the results as a whole may, in our opinion, be taken to indicate that the 
crystallisation of alum does not affect the isotopic ratio in the water used. The point seemed of 
sufficient interest to warrant a check experiment, and several pounds of anhydrous sodium 
sulphate were therefore crystallised in the laboratory from a quantity of electrolytic water 
containing about 0-05% of heavy water, in such a way that about half the water was removed 
as water of crystallisation. In this experiment no evaporation was permitted, and on examin- 
ing the water of the crystals (J.2) and of the mother-liquor (J.3) it was found that they were 
identical with each other and with the original water (J.1). 

As selective adsorption and desorption are phenomena of wide occurrence, it seemed to be 
of interest to investigate the adsorption of water. Silica gel and charcoal were chosen as 
adsorbents; the former because of its great affinity for water, the latter because of its general 
use as an adsorbent. In the first experiment, silica gel (3 Ibs.) was kept in contact with water 
for 24 hours; then it was superficially dried and the adsorbed water was recovered by heating 
to 150° ina vacuum. This process was then repeated with the same sample of silica and a fresh 
sample of water, and the desorbed product from both operations was subjected to a second 
selective adsorption on the same silica gel. The adsorbed water finally recovered (Ad.1) is 
slightly, but distinctly, heavier than the original water. A second experiment was made by 
allowing silica gel (3 Ibs.) to stand in water (15 1.) for eight weeks, and then heating the silica, 
superficially dried, to 200° at atmospheric pressure. The adsorbed water thus recovered (Ad.2b) 
is slightly heavy, and the supernatant water (Ad.2a) correspondingly light. 

A similar procedure was adopted with charcoal (2 Ibs.) and water (17 1.) and the adsorbed 
(Ad.3d) and the supernatant (Ad.3a) water showed a similar change in density. It is interesting 
to note that in this case the density change of the supernatant water is four times that of the 
desorbed water, the volumes of these being 17,000 and 900 c.c. respectively. Apparently, a 
considerable proportion of the heavy water in the original specimen must have been retained by 
the charcoal in the form of the small quantity irreversibly adsorbed or recoverable only with 
much difficulty. These results are in general agreement with those of Washburn and Smith 
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(J. Chem. Physics, 1933, 1, 426), who found a concentration of heavy water by charcoal after 3 
weeks’ immersion.* 

In the first distillation experiment the vacuum-jacketed column, 4 feet in effective length, 
was packed with glass rings,4mm. X 4mm., and the distillation was conducted under a pressure 
of about 20mm. Starting with 3 1. of electrolytic water, about + 13yd heavy, it was found 
that the tail fraction of about 300c.c. was markedly heavier (-++ 26yd) and probably contained 
twice as much heavy water as the original material. For the second experiment, a 25-foot 
column was used. It was built up from 5-ft. lengths of 2-cm. diameter Pyrex tubing, each packed 
with beads and joined to its neighbours by rubber tubing, and the whole was lagged with a 
1” thickness of cotton wool. Tap water (2-6 1.) was distilled through the column under about 
30 mm. pressure at the rate of about 400 c.c. per hour, and the tail fraction of about 200 c.c. 
was purified and examined. Its density shows that, under these conditions also, distillation 
effects a considerable concentration of the heavier isotopic water.t 

The last results in Table VII relate to an experiment made in order to see whether any 
separation of water is effected by bacterial action. A preparation of pure cotton “ linters ” ¢ 
in water, with suitable amounts of calcium phosphate and inorganic nitrogen, was inoculated 
with thermophylic bacteria which were allowed to grow actively for about 3 weeks. The 
methane, hydrogen, and carbon dioxide formed were allowed to escape through a reflux condenser, 
by which most of the evaporated water was returned. Some 4 lbs. of cotton and about 10 1. of 
water were consumed. The residual liquid and the water held on and in the cotton both gave, 
after purification, nearly normal density values, indicating that the bacterial action had had no 
appreciable effect on the isotopic ratio of the water. The slight change in density of the residual 
free water may well be accounted for by the selective effect of the evaporative loss of water in 


the evolved gas. 


Part of the cost of the apparatus used in this work was defrayed by means of a grant from 
Messrs. Imperial Chemical Industries, Ltd., whom we thank for this assistance. 
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263. The Action of Inhibitors on the Decomposition of Hydrogen Peroxide. 
By DEREK RICHTER. 


I. Photochemical Decomposition. 


CHRISTIANSEN has suggested that, in reactions which show marked negative catalysis, the 
high sensitivity to inhibitors may be due to the latter acting by breaking reaction chains 
(Christiansen and Kramers, Z. physikal. Chem., 1923, 104, 451; Christiansen, J. Physical 
Chem., 1924, 28, 145; Trans. Faraday Soc., 1928, 24, 596). This suggestion has been 
used to explain the action of inhibitors in many gas reactions, and also in a number of 
reactions in the liquid phase, such as the autoxidation of aldehydes and of sodium sulphite ; 
but there still remains considerable doubt as to how far this explanation is applicable to 
reactions in solution (Backstrém, J. Amer. Chem. Soc., 1927, 49, 1460; Alyea and 
Backstrém, ibid., 1929, 51, 90; Richter, Ber., 1931, 64, 1240). 

It is also uncertain whether the inhibitors reduce the average chain length of a chain 
reaction by breaking the reaction chains when once they are started, or by preventing the 
initiation of the chains by some type of interaction with the heavy-metal ions or other 
active centres at which the chains start (Baur, Z. physikal. Chem., 1932, B, 16, 465; Z. 
Elektrochem., 1928, 34, 595), Traces of heavy-metal ions have been shown to be an 
important factor in many autoxidation reactions which are sensitive to the action of 
inhibitors (Titoff, Z. physikal. Chem., 1903, 45, 641; Reid, Ber., 1930, 683, 1920; Harrison, 

* Our thanks are due to Mr. C. G. Lawson for assistance in the adsorption experiments. 

+ Our thanks are due to Mr. G. H. Watson for his help in these distillations and other portions of 


the work. 
t Supplied by courtesy of the Cotton Research Association. 
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Biochem. J., 1924, 18, 1009; Krebs, Biochem. Z., 1929, 204, 343; Wieland and Richter, 
Annalen, 1931, 486, 226). 

In the following investigation of the action of inhibitors on the photochemical decom- 
position of hydrogen peroxide, the action of heavy-metal ions can be excluded, since 
the reaction chains are started by the absorption of light quanta. The activated conditions 
of molecules produced by the action of light are similar to, if not identical with, those 
which must be assumed to occur in the dark reactions, so that the behaviour of the photo- 
chemical reaction towards inhibitors is also of interest in interpreting the mechanism of 
inhibition in the thermal reaction. 

That the photochemical decomposition of hydrogen peroxide is a chain reaction has been 
established by a number of measurements of the quantum efficiency of the reaction (see 
summary by Allmand and Style, J., 1930, 606, 659). Anderson and Taylor (J. Amer. 
Chem. Soc., 1923, 45, 650, 1210) found that the photodecomposition was inhibited by a 
number of organic substances, which in general were effective owing to their acting as 
internal filters for the ultra-violet light ; but they also found that the reaction was strongly 
inhibited by substances, such as alcohols and amines, which absorbed only slightly in the 
ultra-violet region used. They concluded that “ the inhibitory power of amines is due most 
probably to the action of the hydroxide-ion concentration produced when an amine is 
dissolved in water. . . . The behaviour of alcohols is not understood.” 

In the present investigation it was found that the inhibition by amines was still observed 
when the J/g was maintained constant by the addition of phosphate buffer (fg 6-8). The 
results are consistent with the view that the reaction chains are broken by deactivating 
collisions between chain members and inhibitor molecules, in agreement with the theory 
of Christiansen. 


EXPERIMENTAL. 


The hydrogen peroxide, prepared from sodium peroxide by the method of Kilpatrick, 
Reiff, and Rice (J. Amer. Chem. Soc., 1926, 48, 3019), was purified from traces of chloride by 


distillation from silver sulphate, and twice redistilled in a vacuum. The inhibitors, usually 
Kahlbaum specimens, were freshly recrystallised or redistilled before use. All the solutions 
used were made up in twice-distilled water, and special precautions were taken to keep them as 
far as possible free from traces of dust. 

The reaction-velocity measurements were carried out in plane-sided quartz cells, 2 cm. 
thick, and the reaction was followed by measuring the oxygen evolved in a Haldane-type micro- 
volumeter, to which the cells were connected by ground quartz-glass joints. Instead of the 
usual chromate mixture, a mixture of hot nitric and sulphuric acids was used for cleaning, 
since chromium salts are powerful catalysts for the decomposition of hydrogen peroxide. 

As a source of ultra-violet light, a K.B.B. atmospheric-type mercury-vapour lamp was used, 
and by the use of a nickel chloride filter (70 g. NiCl,,6H,O and 30 c.c. conc. HCl per litre ina 
500 c.c. quartz flask; cf. Bowen, J., 1932, 2236) the light was restricted to the 300 my region. 

M /10-Hydrogen peroxide solution containing M/150 Sérensen phosphate buffer pg 6-8 was 
used. Control experiments showed that the addition of this buffer had little effect on the 
reaction velocity, and had the advantage of making the measurements more easily reproducible. 
The inhibitor solutions were neutralised with sulphuric acid or sodium hydroxide before addition, 
so the bases used were present as the sulphates, and acids as their sodium salts. All experiments 
were carried out at 20°. The duration of the insolation was 10 mins., and as only a small 
amount of hydrogen peroxide was decomposed in this time, its concentration remained nearly 
constant during the experiment. Vigorous shaking was required to overcome the supersatur- 
ation of the solution with oxygen. 

In the experiments of Rice and his collaborators (J. Physical Chem., 1927, 31, 1352, 1507; 
J. Amer. Chem. Soc., 1926, 48, 3019; 1929, 51, 1376) the reaction was found to be influenced 
by small traces of dust, and it was concluded that the reaction ‘chains are normally started by 
the absorption of light at the surface of the particles of dust, which were assumed to be present 
even in highly purified specimens of hydrogen peroxide. Although their experimental data 
show that under certain conditions the photosensitising action of dust particles is an important 
factor, yet it has not been ‘shown that the chains can start only in this way, and until further 
experimental evidence is available, the alternative view, i.e., that most of the chains start by 
the direct activation of peroxide molecules through light absorption, is simpler. 
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The inhibitors used were selected with a view to giving low absorption coefficients in the 
300 my region, so as to reduce the internal-filtering effect toa minimum. Control experiments 
in which the inhibitors were used as external filters in a quartz cell of 2 cm. thickness showed that 
for most of them the internal filtering was small. The 
figures in Table I give the approximate value of the Fic. 1. 
fraction of the total inhibition which can be ascribed Jn each experiment : M/10-H,O, and M/150- 


to the internal-filtering effect when the total inhibi- P/osphate buffer py 6-8. Total volume, 10 
c.c. Temperature, 20°. Ordinates give 


tion is 50%. — sanssititds' Uaieal . . 
Sib P . : Sty elocity durin st 10 minutes o 
Variation of Reaction Velocity with Inhibitor Con- of pve A . f 


centyation.—The inhibition did not increase linearly (1) 4myj alcohol. (4) Phenol. 
with the inhibitor concentration (Fig. 1), but for most (2) n-Hexoic acid. (5) Aniline. 
of the inhibitors investigated fell off at higher con- (3) Bemsyl alcohol. 

centrations according to the relation V = U/(1 + D8), 6 
where the reaction velocity V is expressed in terms 
of the rate of the uninhibited reaction U, the 
inhibitor concentration D, and a constant 8B. 

The curves for pyridine and aniline showed very 
close agreement with this relation, which was found 
empirically by Backstrém to hold for a number of 
other chain reactions, and has been given a theoretical 
interpretation by Baur (Z. physikal. Chem., 1932, B, 
16, 465). With most of the other inhibitors ap- 
proximate agreement was obtained. Only the curves 
for glycine, which has a very low inhibitory power, 
and for benzyl alcohol and -hexoic and -octoic acids 
showed marked deviation from it. With the last 
three compounds the velocity decreased more rapidly 0 7000 70002 
at higher inhibitor concentrations than is indicated Inhibitor concentration (M). 
by this relation. 
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Concn. for 50% 
inhibition, % Internal 
Inhibitor. mm x Se. filtering. 
Methyl alcohol 
Ethyl alcohol 
isoPropyl alcohol 
Amy] alcohol 
Octyl alcohol 
Benzyl alcohol 
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Glycine 
Acetic acid 
n-Hexoic acid 
n-Octoic acid 
Acetaldehyde 
Phenol 
Resorcinol 


Pyrocatechol 
Salicylic acid 

Is9 = Molar inhibitory power at 50% inhibition. 

L = Liver catalase. Y = Yeast catalase. H = Hematin. 

If the reaction chains started at the surface of dust particles, as Rice concluded, it might 
be expected that the inhibitors would act by blocking the active surface, but the experimental 
results show that there is no direct connexion between the inhibitory power and the surface 
activity of the inhibitors. 

In order to express the results in a form convenient for comparison, the molar inhibitory 
powers of the various inhibitors at 50% inhibition (I) are given in Table I, where 

Fractional inhibition _ U—V 
Molar inhibitor concn. U x (Molar inhibitor concn.) 
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The inhibitors which contain an aromatic nucleus appear to have, in general, higher 
inhibitory powers than the fully saturated molecules; e.g., pyridine has an inhibitory power of 
3100, compared with 595 for piperidine, and benzyl alcohol is more than twice as powerful 
an inhibitor as octyl alcohol; but the mechanism by which the reaction chains are broken by 
the inhibitor molecules is as yet obscure. 

Chain Length —Quantum-efficiency measurements do not provide a method of determining 
the chain length in the photochemical decomposition of hydrogen peroxide, since there is reason 
to believe that only a small proportion of the quanta absorbed are effective in starting chains 
(Allmand and Style, Joc. cit.). 

In the presence of an inhibitor, the inhibited reaction velocity was observed to increase as 
the reaction proceeded, owing to the slow induced oxidation of the inhibitor. This is shown 
by the curves in Fig. 2. Whatever may be the mechanism by which the inhibitor molecules 
break the chains, Backstrém’s work has shown that there is some justification for the assumption 
that for each chain broken one inhibitor molecule is destroyed. On this assumption it is possible 

- to estimate the chain length from 
Fic. 2. the inhibition data, since the 
Experimental conditions as in Fig. 1. number of inhibitor molecules 
destroyed during the reaction can 
be deduced from the observed in- 
crease in the reaction velocity 
which occurs as the reaction pro- 
ceeds. The curves already dis- 
cussed (Fig. 1) give the required 
relationship between the inhibitor 
concentration and the reaction 
velocity. A similar method of 
calculating the chain length has 
been used by Jen and Alyea (/. 
Amer. Chem. Soc., 1933, 55, 575). 

Phenol, resorcinol, and benzyl 
alcohol were selected as suitable 
inhibitors for estimating the chain 
length in this way, as they have 

Minutes. high molar inhibitory powers and 

(1) Uninhibited. (5) 0°006M-n-Octoic acid. a low internal-filtering effect. 
(2) peo eames. i. jh vomew4  tencard = Further, the kinetic curves for 
ta} 0-003M-Ethyl alcohol. ts} 0:001M-Benzyl alcohol, ‘hese substances justify the as- 
sumption that the inhibitory power 


of any oxidation product formed in the oxidation of the inhibitor is small in comparison with 
the inhibitory power of the inhibitor itself. 

Starting with a high initial inhibitor concentration, the reaction was allowed to proceed 
until the velocity had increased to 2000 c. mm. of oxygen/10 c.c./hour. The final inhibitor 
concentrations corresponding to this reaction velocity were obtained from the curves (Fig. 1), 
and are given with the calculated values for the chain length of the uninhibited reaction as 
follows : 
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Initial concn., Duration Final concn., H,O, decomp., 

Inhibitor. M x 10°. (mins.). M x 10. M. Chain length. 
Benzyl alcohol 41 2°3 0°0341 38 
Resorcinol 80 29 1‘8 0°0241 33 
Phenol 5°0 17 16 0°0142 35 

It is probable that at the commencement of the insolation, when the inhibitor concentration 
was high, nearly all the chains were broken by collisions with inhibitor molecules, and the number 
broken in collisions with the walls of the reaction vessel, etc., was negligible; but at the end 
of the insolation, when the reaction velocity had risen to 2000 c. mm. of oxygen/10 c.c. /hour, 
only two-thirds of the chains were broken by collisions with inhibitor molecules. The 
proportion of the chains thus broken during the whole period of insolation therefore averaged 
about 85%, and this figure was taken in calculating the chain length. 

The amount of peroxide decomposed was taken from the rate of oxygen evolution, 6000 c. 
mm. of oxygen/10 c.c./hour. Control experiments to test the extent of any direct oxidation 
of the inhibitors in the dark by the peroxide showed that this is small in comparison with the 
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oxidation induced by the photochemical decomposition. Although the values calculated in 


this way can give only a very rough estimate of the chain length, yet the closeness of the agree- 
ment for the three different inhibitors is of interest. 


II. Catalytic Decomposition of Hydrogen Peroxide. 


Haber and Willstatter have suggested that in reactions catalysed by enzymes the active 
surfaces may function by starting reaction chains (Ber., 1931, 64, 2844). It appeared 
to be of special interest to investigate whether reaction chains occur in the decomposition 
of hydrogen peroxide by the enzyme catalase, since the reaction is known to proceed 
as a chain reaction when brought about by other means. 

If the enzymic reaction has a chain mechanism, it is clear that it must show the high 
sensitivity to inhibitors which is one of the most characteristic properties of chain reactions 
(cf. Schwab, Rosenfeld, and Rudolph, Ber., 1933, 66, 661). The exact chain mechanism 
for the photochemical decomposition has not been established, but it is probable that the 
activated chain carriers are the free radicals -OH and —O-OH : 

H,O,* —> -OH+-OH . (1) 
H,O, + -OH —~> -0-OH + H,O ys (2) 
H,O, + -O-OH —> -OH + H,O + O, (3) 

An identical mechanism for the enzymic decomposition would imply that the two 
reactions should be equally sensitive to the action of inhibitors, and should show 
quantitative agreement in the degrees of —) 
inhibition effected by definite inhibitor con- In each experiment : M/10-H,O, and M/150- 
centrations, provided that the inhibitors act phosphate buffer pu 68. Total volume, 5 c.c. 


primarily by breaking the reaction chains. Temperature, 20°. The reaction velocity (c.mm. 

The decomposition catalysed by liver 
catalase, yeast catalase, and hematin was 
investigated, the same conditions and inhibitor 
solutions being used as for the photochemical 
decomposition. The molar inhibitory powers 
of the inhibitors, obtained from the inhibition 
curves (Fig. 3), are given for comparison with 
the photochemical data in Table I. 

The results show that, in agreement with 
the conclusions of Schwab, Rosenfeld, and 
Rudolph, the enzymic is much less susceptible 
than the photochemical reaction to the action 
of inhibitors, and in this respect resembles 
more closely the catalysis by hematin. It 
must be concluded that the enzymic decom- 
position does not involve the formation of 


oxygen|5 c.c./min.) was measured for the first 3 
minutes of the reaction. 


Oxygen, c. mm./3 mins. 
s 


S 
Ss 


Inhibitor concentration. 

(1) Yeast-phenol. (4) Catalase—pyrocatechol. 
(2) Hematin—phenol. (5) Catalase-resorcinol. 
(3) Catalase—phenol. 


reaction chains of the type occurring in the photochemical decomposition. 


EXPERIMENTAL. 


The reaction velocity was determined by measuring the oxygen evolved at 20° in a 


differential-type Barcroft apparatus (Dixon and Elliott, Biochem. J., 


1930, 24, 820). 5 C.c. 


of the reaction mixture contained, besides the inhibitor, 0-5 c.c. of M/15-phosphate buffer, 


Pu 6-8, and 2-5 c.c. of 0-2M-hydrogen peroxide. 


The catalyst was added by means of a Keilin 


tube after the mixture had been shaken long enough for equilibrium to be attained. 
The catalyst concentration was adjusted so that in the absence of an inhibitor the oxygen 


evolved in 3 mins. was approximately 180 c. mm./5 c.c. 


The inhibition curves were obtained 


by plotting the oxygen evolved during the first 3 mins. of the reaction against the inhibitor 


concentration (Fig. 3). 


For a number of the inhibitors the values of J, could not be determined 


accurately owing to the fact that the inhibitor concentration required for 50% inhibition was so 


high as to exceed the solubility of the inhibitor or interfere with the pg. 


For these inhibitors 


approximate limiting values for J, are given in Table I. 
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The three catalysts used showed marked specific differences in their sensitivity to inhibitors ; 
e.g., liver catalase was strongly inhibited by resorcinol (I5_ 294), whilst yeast catalase was 
comparatively little affected by it (I59 4:2). The inhibition curves obtained for acetaldehyde 
were of a different type from those obtained for the phenols, which indicated that the mechanism 
of the inhibition was also different. With the hematin system some of the inhibitors were 
partly oxidised during the experiment owing to the catalyst’s acting as a peroxidase, but for 
most of the inhibitors the amount oxidised during the experiment was small. 

The liver catalase was prepared from ox liver by the method of Zeile (Z. physiol. Chem., 
1931, 195, 39), and was purified by precipitation with alcohol and adsorption on calcium 
phosphate. The yeast suspension was prepared by treating 5 g. of baker’s yeast with 97%, 
alcohol for 15 minutes, decanting the clear liquid, and pressing the residue on filter-paper. It 
was then made up asa 5% suspension. The hematin, which was a very pure specimen prepared 
by the late Mr. N. U. Meldrum, was made up as a 0-1% solution immediately before use. 


SUMMARY. 


(1) Measurements of the inhibitory power of inhibitors in the photochemical decom- 
position of hydrogen peroxide have been made. 

(2) The chain length of the photochemical reaction has been calculated from the 
inhibition data. 

(3) The inhibitory power of inhibitors in the enzymic decomposition of hydrogen 
peroxide catalysed by liver catalase, yeast catalase, and hematin has been measured. 

A comparison of the action of inhibitors in the photochemical and enzymic reactions 
showed that the enzymic reaction is relatively insensitive to the action of inhibitors, and 
therefore does not involve the formation of reaction chains of the type that occur in the 
photochemical decomposition. 


The author wishes to thank Prof. Sir Frederick Hopkins, and also Prof. Keilin and Mr. E. J. 
Bowen for their interest and advice. 
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264. The Action of Maleic Anhydride upon Some Anthracene Derivatives. 
By E. pE Barry BarnetTrT, N. F. Goopway, A. G. Hiceins, and C. A. LAWRENCE. 


(A) THE formation of adjects of the type (I) (I.G. Farben-Ind., E.P. 303,389, 1927 ; Diels 
and Alder, Annalen, 1931, 486, 191; Clar, Ber., 1931, 64, 2194; cf. also Oddy, J. Amer. 
Chem. Soc., 1923, 45, 2158, whose product was almost certainly the adject of anthracene 
and maleic anhydride and not the keto-acid as he stated) is very little influenced by the 
presence of chlorine atoms or methyl groups in the side rings or, with the exception of 
dianthranyl, which does not react with maleic anhydride, by a single meso-substituent, but 
may be greatly hindered by two meso-substituents, ¢.g., 9 : 10-diphenylanthracene (Clar, 
loc. cit.) and anthraquinyl diacetate. 

The reactivity in the Friedel-Crafts reaction of the adject obtained from 9 : 10-dichloro- 
anthracene (Clar, /oc. cit.) suggested easy replacement by hydroxyl of the bromine atom in 
the adject obtained from 9-bromoanthracene (I ; R = Br) since stereochemical considera- 
tions render loss (transannular or otherwise) of hydrogen bromide inconceivable. This 
expectation was not realised, for after boiling the adject with alcoholic caustic potash for 
40 minutes, no ionised halogen could be detected, and the adjects of 9 : 10-dichloro- and 
9 : 10-dibromo-anthracene behaved in the same way. Indeed, compounds of the expected 
structure (II ; R = H) would seem incapable of existence, since attempts to prepare them 
by the hydrolysis of the adjects from anthranyl acetates (II ; R = Ac) were invariably 
accompanied by loss of maleic acid and the formation of the anthrone. 

The non-existence of these hydroxyl compounds is remarkable in view of the ease with 
which the formation of their acetates (II; R = Ac) and their methyl ethers (II; R = 
Me) takes place. 
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The addition of maleic anhydride to the meso-positions of the anthracene complex is 
not paralleled in the case of heterocyclic compounds of formally similar structure, no 
Rx # ? Hi yy» ¥ 
(I.) xF KxF Kx-F (III.) 
CcOo—O-CO COPh CO,H 
(X = C,H, or substituted C,H,.) 


adjects having been obtained from acridine, 1 : 2 : 3 : 4-dibenzphenazine, or the azine of 
indanthrone. Benzaldazine also failed to give such an adject. That of anthracene and 
maleic anhydride reacted with benzene in the presence of aluminium chloride to give a 
keto-acid (III), which could not be cyclised, reverted to anthracene on reduction with 
zinc dust and alkali, and lost the phenyl group on reduction by the Clemmensen method. 

(B) Anthrone might be expected to react with maleic anhydride either in the anthranol 
form to give (II; R = H), or in the ketonic form to give anthronylsuccinic anhydride (IV) 
as stated in the patent literature (E.P. 277,342) on inadequate grounds. The latter 
alternative has proved to be correct, since the product on reduction gives both anthranyl- 
and dihydroanthranyl-succinic acids (V and VI), both of which on bromination give a 
bromo-acid (VII), in which the bromine atom is non-reactive, and which gives anthra- 


quinone on oxidation. 


Zoe, 

CHZ—— SC-CH-CO,H 

\c,H,” ‘Gece 
(v.) 


eh 
Bro ong CH-CO,H 
HH  CH,-CO,H H,’ CH,CO,H 
(VL) (VIL.) 


The Bz.-chloro- and Bz.-methyl-anthrones gave similar products, but with the Bz.- 
chloroanthronylsuccinic acids reduction resulted in quantitative formation of the chloro 
anthracene when a chlorine atom was in the feri-position to the succinic acid residue, 
whereas in all other cases examined loss of succinic acid on reduction took place only to a 
very minor extent (about 0-1%). 

EXPERIMENTAL, 

aB-endo-9 : 10-Dihydroanthraquinyl-9 : 10-succinic Anhydrides (1).—These were prepared 
by boiling the anthracene derivative with a slight excess of maleic anhydride in o-dichlorobenzene 
(10 c.c. per g. of anhydride) for an hour. The crystals which separated on cooling were 
recrystallised from o-dichlorobenzene and then from the solvent given in the table below. 
The products were all colourless and well crystallised, and showed no fluorescence when examined 
in the light of the arclamp. In most cases they melted with some decomposition. 


Analysis, %. 





Calc. 


. 


Substituent. - Pe Solvent. 
o-C,H,Cl, 
Xylene 
Anisole 
Xylene 
9: 10-(OMe), Anisole 
1 ; 5-Cl,-9-OAc Toluene 
1: 8-Cl,-9-OAC  ..0..... 00000. Xylene 
4: 5-Cl,-9-OAc Xylene 


The hydrolysis of the four acetoxy-compounds was effected by boiling 3 g. with a solution of 
3 g. of caustic potash in 30 c.c. of alcohol for 30 minutes. In each case the resulting anthrone 
was identified both as such and as its anthranyl acetate by the method of mixed m. p. 


$2 G2 Cr Co Oe 
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B-Benzoyl-aB-endo-9 : 10-dihydroanthraquinylpropionic Acid  (III).—Anthracene—maleic 
anhydride adject (10 g.), benzene (100 c.c.), and aluminium chloride (11 g.) were boiled for an 
hour, and the resulting very dark solution worked up in the usual way. The product after 
repeated recrystallisation from xylene was almost colourless and melted to an orange liquid 
at 234° (Found: C, 81-5; H, 5-3. C 9H,,O; requires C, 81-4; H, 5-1%). 

Anthronylsuccinic Anhydrides.—These were prepared by boiling molecular quantities of the 
anthrone and maleic anhydride in p-tolyl ethyl ether (5-5 c.c. per g. of anhydride) for 3 hours. 
The yields were almost quantitative, but the 1 : 3-dimethyl compound was very difficult to 
purify, and the yield of pure material very small. A similar but much less pronounced difficulty 
was experienced in the purification of the 1: 4-dimethyl compound. The anthronylsuccinic 
anhydrides were all colourless or very slightly yellow, and in most cases decomposed at or about 
their m.p. Their solutions in caustic soda were orange or red, but that of the 1 : 4-dimethy] 
compound was only slightly coloured. Attempts to prepare an anthranyl acetate from 
anthronylsuccinic anhydride were not successful, for treatment with acetic anhydride with or 
without the addition of pyridine always resulted in resinous products. 


Analysis, %. 





im 


SH Se Ot Gr BS OP 89 ae 
wawcowsoodéa!? 


Substituent. M. p. Solvent. 
(None 215° Anisole 
l > 212 Xylene 
1 215 Xylene 
4: 237 Xylene 
| 197 EtOAc 
l 210 Xylene 
3 240—260 Anisole 
2 230—235 Anisole 


Anthranylsuccinic Acids and Anhydrides.—The anthronylsuccinic anhydride (10 g.) was 
boiled with 250 c.c. of sodium hydroxide solution (8%) and 30 g. of zinc dust (activated with 
copper sulphate) until the orange colour had vanished (about 4 hours). The period of reduction 
should not be unduly prolonged as the anthronylsuccinic acids differ from other anthrones by 
being easily reduced by zinc dust and alkali to the dihydro-stage, and this tendency was sostrongly 
marked in the case of the 1 : 8-dichloro-compound that in spite of several attempts no pure 
product was isolated. The behaviour of anthronylsuccinic acid itself was also erratic, and in 
spite of numerous experiments, conditions could not be established which would lead with 
certainty to either product. For instance, in one experiment, in which the reduction had 
been prolonged for 26 hours, the product was pure anthranylsuccinic acid, whereas in another 
experiment under almost identical conditions, pure dihydroanthranylsuccinic acid was obtained 
after 7hours. The tendency to form the dihydro-acid can be minimised by omitting to activate 
the zinc, and by stopping the reduction as soon as a filtered sample of the solution is yellow. 

The crude acids were resinous, but after recrystallisation from very dilute methyl alcohol 
were easily purified by recrystallisation from anisole. They were all pale yellow, crystalline 
solids which decomposed on melting, and were all strongly fluorescent. 

The anhydrides were obtained from the acids by boiling for 4 hours with o-dichlorobenzene 
(4 c.c. per g.) or for } hour with acetic anhydride (3 c.c. per g.). The 2 : 3-dimethyl compound 
was recrystallised from toluene; all the others from anisole. The anhydrides were somewhat 


darker than the free acids. 
Acid. Anhydride. 


Analysis, %. Analysis, %. 








Sub- “ Found. Calc. 
stituent. C. , ‘ =. C. C. H. 
73°3 . i 200° 78°71 ‘4 78°3 44 
74:3 ‘ ‘ 235 79°1 “4 79°0 53 
74°7 : 240 78°9 5 
74°6 , 192—194 78°9 “4 
9: 10-Dihydroanthranylsuccinic Acid (V1).—As stated above, this was frequently obtained 
by the zinc dust-alkali reduction of anthronylsuccinic anhydride, although the exact condi- 
tions cannot be defined. After recrystallisation from very dilute methyl alcohol, it separated 


from anisole in colourless crystals, m. p. 211° (decomp.) (Found: C, 73-0; H, 5-6. C,sH 4,0, 
requires C, 73-0; H, 5-4%). On boiling for 3 hours with o-dichlorobenzene or for 10 minutes 
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with acetic anhydride, it passed into its anhydride, which after recrystallisation from toluene 
was colourless and had m. p. 169° (Found: C, 77-7; H, 5-3. C,,sH,,O, requires C, 77-7; H, 
50%). 

10-Bromoanthranylsuccinic Acid (VII).—This was obtained when either anthranylsuccinic 
acid (3 g.) or its dihydro-compound was brominated with a slight excess of bromine in boiling 
glacial acetic acid (50 c.c.). It was isolated by diluting with water and cooling, and after 
recrystallisation from anisole was yellow; m. p. 255° (decomp.) (Found: C, 58-2; H, 3:8. 
C,gH,,0,;Br requires C, 57-9; H, 3-5%). When 3-5 g. were boiled for 8 hours with 25 c.c. of 
o-dichlorobenzene, it slowly dissolved, and on cooling the anhydride crystallised; recrystallised 
from toluene it was yellow, m. p. 247° (decomp.) (Found: C, 60-8; H, 3-1. C,,H,,O,Br requires 
C, 61-0; H, 3-5%). 

Anthraquinyl Dimethyl Ether.—The preparation of this by Meyer’s method (Amnalen, 1911, 
379, 68) is very inconvenient, but it was readily obtained when methy] p-toluenesulphonat2 and 
aqueous potassium hydroxide (30%) were added alternately in small amounts to a boiling 
alcoholic solution of 10-methoxyanthrone (Barnett, J., 1931, 3340). 

Anthraquinyl Diacetate.-—Both the method of Liebermann (Ber., 1888, 21, 1172) and that of 
Eckert and Pollak (Monatsh., 1917, 38, 11) for the preparation of this compound are troublesome, 
but it was extremely easily obtained in almost quantitative yield when zinc dust (10 g.) was 
slowly added to a boiling solution of 21 g. of anthraquinone in 100 c.c. of pyridine and 40 c.c. 
of acetic anhydride. After recrystallisation from glacial acetic acid, it had m. p. 270° (lit., 
260°, decomp.). In exactly the same way 1: 5-dichloroanthraquinyl diacetate (pale yellow 
crystals from anisole; m. p. 310°, decomp.) was obtained from 1 : 5-dichloroanthraquinone 
(Found: C, 59-5; H, 3-6. C,,H,,0,Cl, requires C, 59-5; H, 3-3%), and the 1 : 8-isomeride 
(pale yellow crystals from xylene; m. p. 249°) was obtained from 1 : 8-dichloroanthraquinone 
(Found: C, 59-5; H, 3.4%). The method was also convenient for the preparation of phenan- 
thraquinyl diacetate from phenanthraquinone. 


The authors thank Imperial Chemical Industries, Ltd., for grants out of which some of the 
expenses of this research have been paid. 
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265. The Alkaloids of Alstonia Barks. Part II. A. macrophylla, 
Wall., A. somersetensis, Ff. M. Bailey, A. verticillosa, F. Muell., 
A. villosa, Blum. 


By Tuomas M. SHarp. 


THE search for anti-malarial drugs in the genus A/stonia (Part I, this vol., p. 287) has been 
continued by the examination of four more species. A. somersetensis, A. verticillosa, and 
A. villosa are Australian species, the last occurring also in Java, whilst A. macrophylla 
is a native of Malaya and the Philippine Islands. Of these, the first two do not appear 
to have been examined before, but the other two are known to contain alkaloids, and in 
particular not to contain echitamine, the characteristic alkaloid of a number of African 
and other Alstonias (Goodson, J., 1932, 2626). 

A. verticillosa contains a considerable amount of a mixture of sterols the separation 
of which has not been attempted, and in addition a small amount of echitamine. It is 
very similar to “ dita-bark ”’ (A. scholaris) examined many years ago by Jobst and Hesse 
(Annalen, 1875, 178,49). The other three barks all contain, in addition to much amorphous 
base, an alkaloid which forms well-defined crystalline salts and for which the name villal- 
stonine is suggested, as it was first isolated from A. villosa. A. macrophylla contains, 
besides villalstonine, three other alkaloids, for which the names macralstonine, macralstoni- 
dine, and base M are suggested. The last is present in exiguous amount. Macralstoni- 
dine is also present in A. somersetensis, and a new base, isolated in comparatively small 
amount, and provisionally named base V, has been obtained from A. villosa. 

Villalstonine, CygH;g0,N,, has two basic and two non-basic nitrogen atoms, forms 

4M 
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salts of the general formula B,2HA, and yields a dimethiodide. It contains one methoxy- 
and two methylimino-groups, and this precludes the possibility of the simpler formula 
CopHo4i2¢)02Ng. It forms, moreover, a mono-N-benzyl derivative, and final confirmation 
of the more complex formula is afforded by molecular-weight determination cryoscopically 
in benzene. The methoxy-group appears to exist as a methyl ester, since hydrolysis with 
alcoholic potassium hydroxide furnishes an amphoteric substance, CygH,,0,N,, which 
does not contain a methoxy-group. The other bases are present in much smaller amounts. 
Macralstonine, C,,H;,0;N,, is crystalline and forms a crystalline sulphate but has not 
yielded any other crystalline salt. The base is very sparingly soluble in the common 
organic solvents except pyridine and chloroform, and has one methoxy- and three 
methylimino-groups. It is noteworthy that the optical rotation of the base and sulphate 
are opposite in sign, as is the case, ¢.g., with aconitine and emetine. Its molecular weight 
has not been confirmed by direct determination owing to the lack of a suitable solvent, 
but the methoxyl content and phytochemical considerations leave little doubt as to its 
complexity. Macralstonidine, C,,H;90,N,, is crystalline and forms crystalline salts. 
It is soluble in most organic solvents, contains two methylimino-groups but no methoxy- 
group, and appears to have a dioxymethylene group since it gives a red colour with Gaebel’s 
reagent. Satisfactory molecular-weight determinations could not be obtained ; it appears 
to be associated in benzene. Alkaloids M and V are crystalline, but owing to the very 
small quantity available neither formule nor names are suggested for them. The formule 
put forward for macralstonine and macralstonidine are to be regarded as provisional, for, 
although the analytical figures are in good agreement with those suggested, it is desirable 
to have more derivatives in order definitely to establish formule of such complexity. 
All the new alkaloids described give colour reactions characteristic of indole derivatives. 
The high molecular weight of these alkaloids is reminiscent of recent work on a number of 
isoquinoline alkaloids such as emetine, and more especially oxyacanthine, isochondoden- 
drine, curine, etc., which were at first thought to contain one isoquinoline group, but are 
now known to contain two such nuclei, and of calycanthine which is now considered to 
contain two indole nuclei. 

Pharmacological experiments have been carried out with villalstonine hydrochloride 
by Dr. A. C. White of the Wellcome Physiological Research Laboratories. He found that 
a concentration of 1 : 6,500 to 1 : 12,500 caused a slight increase in the movement of the 
isolated rabbit uterus; a concentration of 1 : 25,000 had no action on the isolated guinea- 
pig uterus, and 1 : 50,000 none on the isolated rabbit intestine; a dose of 2 mg. per kg. 
caused, in the anesthetised cat, a fall in blood pressure, which was unaffected by atropine. 
This fall was less than that caused by the same dose of alstonine sulphate. The action on 
bird malaria has not yet been determined. The other alkaloids have not been tested, 
as they occur in too small amount to be of practical importance. 

The genus Alséonia is widely distributed throughout the tropical parts of the Old World 
and Australia and, with the exception of a small number of species occurring in China and 
New Caledonia, representative species have now been examined from all the districts 
from which it has been reported (for literature, see Part I, and Goodson and Henry, J., 
1925, 127, 1640). The alkaloids which have been isolated fall into three groups represented 
by (a) echitamine, occurring in many species from Africa, the East Indies, and Australia, 
(5) villalstonine, from a number of Australian and East Indian species, and (c) alstonine, 
which has only been found in one species, viz., A. constricta from Australia. These three 
types of alkaloid appear to have little in common except that both villalstonine and 
echitamine appear to be indole derivatives, whilst alstonine does not give any of the usual 
indole colour reactions. 

The author is indebted to Mr. C. F. Trist, Secretary to the Provisional Forestry Board, 
Brisbane, Mr. C. T. White, Government Botanist, Brisbane, and Dr. A. F. Fischer, Director 
of Forestry, Manila, for supplying the barks used in this work. 


EXPERIMENTAL. 


The barks were finely ground and, with the exception of A. verticillosa, which required a 
preliminary extraction with petroleum, exhausted with alcohol. The alcoholic solutions were 
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divided into convenient-sized batches, and concentrated to the consistency of thick syrups, 
extracted with sufficient cold 0-5% sulphuric acid to render the solutions faintly acid to Congo- 
red, filtered, diluted with an equal volume of water, filtered again from precipitated impurities, 
and worked through by appropriate methods as described below. 

A. macrophylia.—The acid liquor was extracted with ether to remove impurities, made 
strongly alkaline with sodium carbonate and shaken with ether. During this process a large 
amount of buff to greyish-green, granular, amorphous solid separated and formed a middle 
layer on standing. After a few extractions, the solid was collected by filtration and reserved 
(A), and the clear filtrate exhausted with ether. Occasionally the early ethereal extracts 
deposited crystals which were collected; when none appeared, the ether, after drying, was 
concentrated and left over-night. The colourless crystals which separated were filtered off, 
and consisted of crude macralstonine mixed with base M. The filtrate was evaporated and 
the residual resinous base converted into oxalate and dissolved in alcohol. From this solution, 
villalstonine oxalate separated in an almost pure condition, and a further, less pure, amount 
was obtained on concentration. After standing until no more oxalate separated, the solution 
was evaporated, the residue dissolved in water, treated with potassium carbonate, and shaken 
with ether. A portion of the liberated base failed to dissolve in ether, and was obtained by 
subsequent extraction with chloroform. After evaporation and solution in dry alcohol, both 
the ether-soluble and the chloroform-soluble part deposited crude macralstonidine as a colour- 
less, crystalline powder. An additional quantity of this base was also obtained after conversion 
of the amorphous residue into perchlorate, and recovery of the base in the usual manner. The 
amorphous solid A (above) was dried in a desiccator, mixed with half its weight of powdered 
quick-lime, and exhausted in a Soxhlet extractor with benzene. The benzene solution was 
extracted with N-sulphuric acid, and the acid liquor basified with sodium carbonate and 
extracted with ether. This solution on concentration deposited macralstonine, and the filtrate 
after evaporation and solution in dry alcohol furnished macralstonidine. A further small 
amount of each of these bases was obtained by extraction of the residue from the benzene 
extracts with chloroform. The yields of the alkaloids from all the barks are given in the 
following table; the figures in parentheses are percentage yields. 


Bark. A. macrophylla. A. villosa. A. somersetensis. A. verticillosa. 


Weight, key. .........cceccccccsccees 53°5 4°58 3°45 3-0 

Total DOSS, ©. ......ccccesecvercees 496 (0°93) 66°4 (1°45) 47°8 (1°39) 8-0 (0°27) 
Villalstonine oxalate, g. 216-9 (0°405) 19-7 (0°43) 3°05 (0°088) —_ 
Macralstonine, g. 18-8 (0-035) — 

Macralstonidine, g 21-6 (0°0407) 2°13 (0-062) 

M. sulphate, g. 1-03 (0°0019) — 

Base V, g. _ 0°65 (0-014) _ 
Echitamine HCI, g. -- anf 


A. villosa.—Macralstonine was not isolated from this bark, but apart from this, the method for 
the isolation of villalstonine oxalate was the same as that described above. The residual 
amorphous oxalate was converted into the more soluble sulphate, and its aqueous solution 
treated with 10% sodium perchlorate solution so long as a precipitate formed. This pre- 
cipitated perchlorate failed to yield any crystalline substance. The filtrate was made alkaline 
with sodium carbonate and extracted with ether; this solution on standing for a short time 
deposited crystals of base V, which were collected, and a further small amount was obtained 
from the filtrate. The amorphous granular solid corresponding with A (see above) was extracted 
with dilute sulphuric acid, basified with sodium carbonate, and extracted with ether. After 
conversion into oxalate, it furnished a small amount of villalstonine oxalate together with 
amorphous material. 

A. somersetensis.—The process described for the isolation of alkaloids from the two previous 
barks was not applicable to this bark owing to the formation of persistent and intractable 
emulsions. The acid solution of the alkaloids was treated with excess of sodium carbonate, the 
slimy precipitate filtered off, dried in a desiccator, and exhausted with ether (Soxhlet). On 
evaporation, this left a syrupy base which was made into oxalate but failed to crystallise. 
Villalstonine was obtained, however, after conversion into hydrobromide. The amorphous. 
part was converted into the more soluble sulphate, and treated with sodium perchlorate. The 
base recovered from the precipitated perchlorate deposited crystals of macralstonidine after 
solution in dry alcohol. 

A. verticillosa.—This bark (3 kg.) was exhausted with petroleum (b. p. 60—80°), the marc: 
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air-dried, and then extracted with industrial methylated spirit. The petroleum extract on 
evaporation left a yellowish elastic mass (228-5 g.) which was partly soluble in alcohol; 
the residue from this extraction was grey and of a rubbery consistency, with physical properties 
very similar to those of Hesse’s echikautschin (/oc. cit.), although not necessarily identical with 
it. The alcoholic solution deposited colourless crystals which were obviously mixtures and gave 
colorations characteristic of sterols with Liebermann’s reagent. No further attempt at 
purification was made. One crop of crystals appeared homogeneous and had the same m. p. 
as lupeol, but a mixed m. p. showed a depression of about 40°. The methylated spirit extract 
was evaporated to dryness, the residue treated with sufficient 0-25% sulphuric acid to remove 
the alkaloid, and the acid liquor extracted with ether. It was then treated with 25% sodium 
hydroxide solution and shaken with chloroform. From this solution, the crude alkaloid was 
obtained as sulphate by extraction with N-sulphuric acid and evaporation to dryness (yield 
9-12 g.). This contained a little alkaloid which could be liberated from its salts by sodium 
carbonate; it was, therefore, dissolved in water, made alkaline with sodium carbonate, and 
extracted with chloroform. This gave 0-6 g. of dark-coloured varnish, from which nothing 
crystalline could be obtained and which corresponds with Jobst and Hesse’s ditamine from 
A. scholaris. The aqueous liquor was then treated with sodium hydroxide and chloroform, the 
chloroform concentrated to a small volume, mixed with alcohol, and acidified to methyl-red 
with 10% hydrochloric acid. Almost at once, the solution gave a crystalline crop of echitamine 
hydrochloride (4-7 g.). 

Villalstonine.—The oxalaie was purified by crystallisation from alcohol, separating in 
colourless leaflets, m. p. 235° * (decomp.). The salt from A. villosa had [a]p + 31-2°, that from 
A. macrophylla [a)p + 32-1° (c = 0-56 in acetone), f [«]p + 55-6° (c = 0-5 in water) [Found, on 
dried material, (a) from A. macrophylla: C, 67-8, 67-7, H, 6-95, 6-9; N, 7-8, 7-7; OMe, 4-2; 
NMe, 6-3; (6) from A. villosa: C, 67-8, 67-8; H, 7-1, 7-0; N, 7-6, 7-7; OMe, 4-2; NMe, 6-4. 
CyoH 590,N,,C,H,O, requires C, 68-1; H, 7-1; N, 7-6; OMe, 4-2; 2NMe, 7-8%]. The hydro- 
chloride, prepared by the addition of freshly prepared alcoholic hydrogen chloride to dry alcoholic 
solution of the base, formed colourless needles, m. p. 270° (decomp.), [«]p + 56-3° from A. villosa, 
+ 56-1° from A. somersetensis (c = 0-5 in water) (Found: loss at 120° in a vacuum, 9-8, 
CygH 590,N,,2HCI1,4H,O requires 4H,O, 9-1. Found, on dried salt: C, 66-2, 66-2; H, 7-4, 
7-35; N, 7-5, 7-5; Cl, 9-7, 9-7; OMe, 4-2, 4:5; NMe, 6-9, 8-1. Cy oH;,0,N,,2HCI requires 
C, 66-4; H, 7-25; N, 7-75; Cl, 9-8; OMe, 4:3; 2NMe, 8-0%). The dried salt rapidly absorbs 
moisture from the air (Found : gain on exposure to air, 10-35. Calc. for 4H,O: 10-0%). 

An aqueous solution of the hydrochloride or other salt of villalstonine slowly becomes pink 
on keeping. The su/phate does not crystallise easily. It is rather sparingly soluble in alcohol 
and crystallises only after concentration, forming small prismatic rods, which do not 
melt at 310°, [a]p -+ 52-94° (c = 1-02 in water) (Found: loss at 110° in a vacuum, 12-7. 
CyoH 560,N,,H,SO,,6H,O requires 6H,O, 12-6%. Found on dry salt: C, 63-3, 63-2; H, 6-85, 
6-95; N, 7:7, 7-55; S, 4:3, 4:3; OMe, 4-1, 4-1; NMe, 6-3, 6-35. CygH5,0,N,,H,SO, requires 
C, 64:1; H, 7-0; N, 7-5; S, 43; OMe, 4-1; 2NMe, 7-8%). On exposure to air the dry salt 
absorbs 13-4% of its weight (Calc. for 6H,O: 14:4%). The hydrobromide, prepared by pre- 
cipitation, crystallised from alcohol in colourless needles, m. p. 293° (decomp.) (Found : loss 
at 110° in a vacuum, 8-0. C,.H;,0,N,,2HBr,4H,O requires 4H,O, 8-15%. Found, on dry 
salt: C, 59-4, 59-5; H, 6-3, 6-3; N, 7-1, 7-0; Br, 19-2, 19-3; OMe, 4-0, 3-8; NMe, 7-3, 6-8. 
CoH 590,N 4, 2HBr requires C, 59-1; H, 6-5; N,6-9; Br, 19-7; OMe, 3-8; 2NMe, 7-2%). On exposure 
to air the dry salt absorbed 4H,O (Found: gain on exposure, 8-8. Calc.: 8-9%). The 
hydriodide, colourless balls of needles from methyl alcohol, m. p. 286° (decomp.), showed a 
tendency to become yellow on recrystallisation and failed to give satisfactory analytical figures 
(Found, on salt dried at 110° in a vacuum : C, 54:2; H, 5-8; N, 6-2; I, 26-7; OMe, 3-4; NMe, 
5-7. CygHs90,N,,2HI requires C, 53-0; H, 5-8; N, 6-2; I, 28-0; OMe, 3-4; 2NMe, 6-4%). 
The base was obtained as a colourless granular powder on the addition of sodium carbonate or 
hydroxide to an aqueous solution of the pure hydrochloride. It was very soluble in most 
organic solvents and was not obtained in a crystalline condition. For analysis it was triturated 
with many changes of water, and dried at 100° ina vacuum. It sintered at 218° and slowly 
melted up to 260° [Found : C, 73-5, 73-7; H, 7-6, 7-6; N, 8-6, 8-4; OMe, 4-8, 4-6; NMe, 7-9, 
8-1; M, cryoscopic in benzene, using alumina as drying agent (Roberts and Bury, J., 1923, 
123, 2037; Brown and Bury, J., 1924, 125, 2219), 657, 645, 651. C, 9H,9O,N, requires C, 73-8; 
H, 7:75; N, 8-6; OMe, 4-8; 2NMe, 8-9%; M, 650-4). The dimethiodide was prepared by 


* All m. p.’s are corrected. t All the rotations were done on the dry salts. 
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treating the base (0-5 g.) with methyl iodide (1-5 c.c.). After standing over-night, the excess 
of methyl iodide was distilled off, and the residue dissolved in methyl alcohol, from which it 
crystallised in rosettes of stout needles, which became pink on keeping, m. p. 287° (decomp.) 
(Found, on substance dried at 110°: C, 54-4, 54-3; H, 6-1, 6-1; N, 5-9, 5-9; I, 26-7; OMe, 3-5, 
3-4; NMe, 12-5, 12-7. CygH,90,N,,2CH,I requires C, 53-95; H, 6-0; N, 6-0; I, 27-2; OMe, 
3-3; 4NMe, 12-4%). The mono-N-benzyl derivative was formed by heating the base (0-6 g.) 
with benzyl chloride (3 c.c.) for } hour on a water-bath. The red-brown solution was poured 
into water (30 c.c.), extracted with ether to remove excess of benzyl chloride, made alkaline 
with sodium carbonate, and shaken with chloroform. After drying, the chloroform solution 
was shaken with very dilute hydrochloric acid and then with water. Both the aqueous and 
the chloroform layer on evaporation left behind the same substance, which crystallised from 
chloroform in colourless prisms, m. p. 246° (decomp.) (yield 0-59 g.) (Found, on substance dried 
at 110°: C, 69-4, 69-25; H, 7-0, 6-9; N, 7-0, 6-9; Cl, 8-0; OMe, 3-5, 3-3; NMe, 7-3, 7-05. 
CyoH 590,4N,,C,H,Cl,HCI requires C, 69-35; H, 7-2; N, 6-9; Cl, 8-8; OMe, 3-8; 2NMe, 71%). 
An aqueous solution gave a precipitate with sodium carbonate, but not with sodium hydroxide 
solution. Villalstonine base (2 g.) was boiled under reflux with 10% alcoholic potassium 
hydroxide for 8 hrs., the solution diluted with water, the alcohol evaporated, and unchanged 
base (0-45 g.) removed by extraction with ether. After the addition of excess of ammonium 
chloride, the solution was continuously extracted with ether for 2 days. This removed a base 
(0-63 g.) which was suspended in alcohol and acidified with alcoholic hydrogen chloride. The 
solid dissolved, and later separated in a crystalline condition. After recrystallisation from 
dry alcohol it had m. p. 291—293° (decomp.). It easily loses hydrogen chloride on recrystal- 
lisation (Found, on salt dried at 100° in a vacuum: C, 66-5, 66-3; H, 7-2, 7-4; N, 7-9, 7-9; 
Cl, 9-2, 9-0; OMe, nil; NMe, 6-5, 6-3. C,,H,,O,N,°CO,H,2HCI requires C, 66-0; H, 7:1; 
N, 7-9; Cl, 10-0; 2NMe, 8-2%). The base separated from dry alcohol in an amorphous 
condition; it was soluble in sodium carbonate solution, from which it could not be extracted 
by ether. 

Macralstonine.—The crude macralstonine was boiled with absolute alcohol to remove 
admixed villalstonine and amorphous alkaloid, and the residue extracted with acetone (Soxhlet). 
The base slowly dissolved, and accumulated in a crystalline condition in the receiver. It was 
collected from time to time, and finally recrystallised by solution in cold pyridine and addition 
of an equal volume of dry alcohol. It thus formed colourless rectangular rods, m. p. 293° 
(decomp.), [a]p + 27-5° (c = 1-008 in chloroform). The base is very soluble in chloroform and 
pyridine, sparingly soluble in acetone, and almost insoluble in other organic solvents (Found, 
on base dried at 105° in a vacuum: C, 73-4, 73:3; H, 7-4, 7-5; N, 7-8, 7-°9; OMe, 5-2, 5-2; 
NMe, 13-2, 13-3. C,H;,0;N, requires C, 73-5; H, 7-6; N, 7-8; OMe, 4-3; 3NMe, 12-1%). 
The sulphate crystallised from methyl alcohol in bright prismatic rods which became opaque 
at once when filtered off, and melted indefinitely at about 263° (decomp.), [a]p — 36-8° 
(¢c = 1-022 in water) (Found, on dry salt : C, 64-5, 64-5; H, 7-0, 7:0; N, 6-9, 6-95; S, 3-85, 3-8. 
Cy,H5,0;N,,H,SO, requires C, 64-7; H, 6-9; N, 6-9; S, 39%). Consistent results could not 
be obtained in the methoxy- and methylimino-determinations. 

Sulphate of Base M.—The acetone filtrate from the purification of macralstonine was 
evaporated, the residue extracted with ether (Soxhlet), and the solution filtered from a little 
macralstonine which collected in the flask. The ether-soluble base was then converted into 
oxalate, the oxalate boiled with acetone, and the acetone-soluble part converted into sulphate. 
This salt crystallised from a large volume of alcohol in bipyramids with an indefinite m. p. 
about 257°, [a]p — 71-9° (c = 0-98 in water). The quantity was too small for a thorough 
investigation. 

Macralstonidine.—The base was easily purified by fractional crystallisation from dry alcohol. 
It formed colourless platelets which became yellow on the surface on exposure to light. It 
becomes vitreous on heating, and evolves gas at an indefinite temperature near 270°, [a]) ++ 174-5° 
(c = 1-02 in benzene) (Found, on base dried at 105° ina vacuum: C, 75-8, 75-7; H, 7:7, 7-6; 
N, 8-4, 8-4; OMe, 0-7; NMe, 10-2, 10-3. C,,H;90,N, requires C, 76-1; H, 7-8; N, 8-7; 2NMe, 
9:0%). The dried base is hygroscopic. The hydrochloride crystallised slowly from dry alcohol 
in rosettes of soft colourless needles, which became coloured on keeping, m. p. 326° (decomp.), 
[a]p + 136-5° (c = 1-09 in water) (Found, on salt dried at 105° in a vacuum: C, 68-2, 68-25; 
H, 7-2, 7-0; N, 7-7, 7-6; Cl, 9-5, 9-65; OMe, nil; NMe, 9-95, 10-1. C4,H590,N,,2HCI1 requires 
C, 68-4; H, 7-3; N, 7-8; Cl, 9-9; 2NMe, 8-1%). 

Base V.—This base crystallised from alcohol in prisms, m. p. 273° (decomp.), [a]p + 54-6° 
(¢ = 0-5 in chloroform). The quantity was insufficient for a more detailed study. 
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The colour reactions of the above alkaloids are given in the following table. 


Vanillin—alcoholic Gaebel’s Glyoxylic Conc. 
Alkaloid. HCl. reagent. reagent. HNO,. Conc. H,SQ,. 
Villalstonine Immediate pinkcolour, Reddish- Not char- Greenish- Brown, changing 
gradually becomes brown acteristic yellow through purple to 
blue-violet blue 
Macralstonine Pale yellow, changes Brown Not char- Yellow Yellowish-green, be- 
to orange and finally acteristic coming yellow 
to brownish-pink 
Macralston- No colour for some Red Not char- Yellow No colour at first; 
idine hours, gradually be- acteristic becomes blue then 
comes pink pink 
Base V No colour for some Yellow Pink ring Red No colour 
hours, pink after 24 
hours 
Sulphate of No immediate colour, Reddish- Not char- Yellow Yellowish-brown, 
base M amethyst after some brown acteristic changing to yellow 
hours 


The echitamine hydrochloride from A. verticillosa was recrystallised from water until the 
m. p. and specific rotation remained constant. It then had m. p. 293—295° (decomp.), alone 
or admixed with an authentic specimen of echitamine hydrochloride; [a]) — 58-8° (c = 1-003 
in water) (recorded [a], — 54-3°). It gavea pure blue colour with Hopkins and Cole’s glyoxylic 
reagent, a magenta colour with vanillin—hydrochloric acid, and a bright red coloration with strong 
nitric acid (Found, on dry salt : C, 62-9, 63-0; H, 7-0, 7-0; N, 6-6, 6-6; Cl, 8-7, 8-5. Calc. for 
C..H,,0,N,,HCI : C, 62-8; H, 6-95; N, 6-7; Cl, 8-4%). 


The author thanks Dr. T. A. Henry for placing these barks at his disposal and for his 
interest and advice during the work, Messrs. W. A. Cowdrey and A. G. Turner for help with the 
extraction of the alkaloids, Messrs. A. Bennett and H. C. Clarke for the micro-analyses, and 
Dr. H. A. D. Jowett for the arrangements for the extraction of A. macrophylla bark. 
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266. The Unsaponifiable Matter from the Oils of Elasmobranch Fish. 
Part X. The Structure of Batyl Alcohol and the Syninesis of B- 
Octadecyl Glyceryl Ether. 


By W. H. ‘Davirs, I. M. HEILBRON, and W. E. Jones. 


It has recently been demonstrated (Davies, Heilbron, and Jones, J., 1933, 165) by 
degradative methods that batyl alcohol is structurally identical with «-octadecyl glyceryl 
ether (I). Supplementary evidence of this has now been obtained through the synthesis of 
the isomeric $-octadecyl glyceryl ether (II) by condensing the potassium salt of 1 : 3-benzyl- 
ideneglycerol with octadecyl iodide, and subsequent hydrolysis of the resulting 1 : 3- 
benzylideneglycerol B-octadecyl ether (III). 


(I.) C,gH3°O-CH,-CH(OH)-CH,-OH CH,—O 


CygH,,O-CH Cal (I1.) 
(II.) CygH;,*O-CH(CH,-OH), CH,— 


B-Octadecyl glyceryl ether and its cetyl homologue have been compared respectively 
with batyl alcohol and synthetic «-cetyl glyceryl ether (Davies, Heilbron, and Owens, J., 
1930, 2542). From the large depressions observed in mixed m. p. both with the alcohols 
and with their di-phenylcarbamates, it is clear that $-octadecyl glyceryl ether differs 
markedly from batyl alcohol, a conclusion further confirmed by the results of surface-film 
measurements kindly carried out by Dr. N. K. Adam and Dr. J. B. Harding of University 
College, London. 
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It had been observed by Knight (Biochem. J., 1930, 24, 257) that a close similarity 
existed between unimolecular films on water of batyl alcohol and «-monoglycerides, and 
Adam (J., 1933, 164) found complete identity between the surface films of batyl alcohol and 
synthetic «-octadecyl glyceryl ether (cf. Davies, Heilbron, and Owens, Joc. cit.). The 
examination of the corresponding #-octadecyl glyceryl ether shows that it forms very 
stable unimolecular films in water, of which the surface pressure curves are given in the fig. 
At low temperatures the films are condensed and liquid, the limiting area being about 34-5 
sq. A., compared with 27 for the «-ether (Knight, Joc. cit.; Adam, Joc. cit.). The condensed 
films of the $-ether occupy a considerably greater area at all pressures than those of the 
a-ether, the difference being about 6-5 sq. A. at 1 dyne per cm., falling to 4-5 sq. A. at 20 
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dynes, This difference is unquestionably due to the two hydroxyl groups which anchor 
the molecules to the water, being side by side in the case of the vertically oriented molecules 
of the B-ether, but nearly vertically above each other with the «-ether, thus : 


te 
Ayers’ —— | CygHs, 
(He CH 
(HOH ZN 
CH,°OH HO-CH, CH,°OH 
a-Ether. B-Ether. 


At higher temperatures, liquid expanded films are formed, closely resembling those of 
the «-ether, having a limiting area of about 68 sq. A. The expansion is half completed 
under 1-4 dynes per cm. pressure at 11-5°, being about 20° lower than with the «-ether. 
This lower expansion temperature, indicating a smaller lateral adhesion between the 
molecules in the condensed state, is reasonably accounted for through the vertical arrange- 
ment of the hydroxyl groups in the «-ether permitting closer lateral packing of the adhesive 
hydroxyl groups in adjacent molecules in the film; in the $-ether the packing does not 
permit such close contact between the hydroxyl groups. 

The complete series of values for the two ethers and also for «-monopalmitin is as 
ollows : 


Area at no compression, sq. A. Temp. of half 
~. expansion at 
Condensed film. Expanded film. 1°4 dynes/cm. 








Batyl alcohol and a-octadecyl glycerylether ......... 27 64 31° 
CORREA: weteisbh nocieincticinvnccntescnctbebcctesscoke’ 26°3 70 17°5 
B-Octadecyl glyceryl ether ............s.sesesesescececeeees 34°5 68 115 


The 1 : 3-benzylideneglycerol required for this investigation was prepared by condensing 
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glycerol with benzaldehyde in the heat in presence of 40% sulphuric acid (Hill, Whelen, 
and Hibbert, J. Amer. Chem. Soc., 1928, 50, 2235). These authors obtained in this way a 
liquid mixture of 1 : 2- and 1 : 3-isomerides from which the latter, m. p. 83-5°, crystallised 
on treatment of the distilled oil with cold ligroin and benzene. We have confirmed this 
result and have observed, moreover, that if the liquid mixture is kept at room temperature, 
partial crystallisation occurs. After removal of residual oil, the separated solid melts 
indefinitely between 60° and 70°, and yields the 1 : 3-benzylideneglycerol of Hill, Whelen, 
and Hibbert on recrystallisation from benzene-ligroin. A large quantity of the crude 
ptoduct was collected in this manner from several preparations and set aside for over two 
months; the m. p. had then fallen to 52—60°, and repeated crystallisation now gave a 
product of m. p. 62-5—63°, entirely different in appearance from the compound of m. p. 
83-5°. That this substance is actually a geometrical isomeride of the higher-melting 
benzylideneglycerol (cf. also Hibbert and Carter, J. Amer. Chem. Soc., 1928, 50, 3376) and 
not the 1 : 2-isomeride described by Irving, Macdonald, and Soutar (J., 1915, 107, 337), 
has been proved by the preparation from it of a methyl glyceryl ether, b. p. 119—120°/9 
mm., which yields a di-phenylcarbamate and a di-f-nitrobenzoate identical with those 
described by Hibbert, Whelen, and Carter (J. Amer. Chem. Soc., 1929, 51, 302) from their 
authentic $-methyl glyceryl ether. Further evidence that this new benzylideneglycerol 
possesses the 6-membered acetal structure is afforded by the fact that its benzoate, m. p. 
80—81°, rapidly isomerises on standing into the benzoate, m. p. 103°, of the 1 : 3-benzy]l- 
ideneglycerol of Hill, Whelen, and Hibbert (/oc. cit.). 

Since the isolation of this new benzylideneglycerol, m. p. 63°, all attempts on our part 
to isolate the higher-melting isomeride, either as described above or by adopting the 
precise details given by Hill, Whelen, and Hibbert (/oc. cit.), have failed, and we have 
therefore employed this isomeride for the synthesis of the B-cetyl and 8-octadecyl glyceryl 
ethers described in this paper. 

EXPERIMENTAL. 


Isomeric 1: 3-Benzylideneglycerols—A mixture of 1:2- and 1: 3-benzylideneglycerol, 
b. p. 155—159°/8 mm., prepared by the method of Hill, Whelen, and Hibbert (/oc. cit.), partly 
crystallised when kept at room temperature for 2 days. The solid was filtered off, and the 
filtrate seeded, whereupon a second crop separated. The process was repeated several times, 
about 40% of the original mixture finally remaining as an oil which would not crystallise. 
Two crystallisations of the solid from benzene-ligroin (3:5 parts by vol.) yielded soft, 
feathery needles of 1: 3-benzylideneglycerol, m. p. 83-5°. The isomeric 1 : 3-benzylidene- 
glycerol, obtained as described above, crystallises from benzene-—ligroin in short, hard needles, 
m. p. 62-5—63° (Found: C, 66-5; H, 6-7. Cy 9H,,0O,; requires C, 66-7; H, 6-7%). After 
prolonged standing, the m. p. rises to 70—80°, seemingly indicating a partial conversion into 
the higher-melting isomeride. 

The benzoate, prepared in pyridine, crystallises from ligroin in plates, m. p. 80—81° (Found : 
C, 71-6; H, 5-9. C,,H,,O, requires C, 71-8; H, 5-7%); it is exceedingly labile, passing in the 
course of a few days into a higher-melting form, which crystallises from ligroin in needles, 
m. p. 103°, identical with the benzoate prepared by Hill, Whelen, and Hibbert (/oc. cit.) from 
the 1 : 3-benzylideneglycerol, m. p. 83-5°. 

Methylation of the Benzylideneglycerol, m. p. 62-5—63°.—A solution of the benzylidene- 
glycerol (10 g.) in ether, dry silver oxide (23 g.), and methyl iodide (46 g.) was warmed on a 
water-bath for 3 hours with rapid mechanical stirring. The solution was filtered, and the 
residue thoroughly extracted with boiling ether. The viscous oil left after removal of solvent 
was distilled, and the main fraction, b. p. 145—148°/5 mm., collected. Unlike the 1 : 3-benzyl- 
ideneglycerol 2-methyl ether, m. p. 52°, described by Hill, Whelen, and Hibbert (/oc. cit.), this 
compound failed to crystallise, and was therefore directly hydrolysed by boiling with aqueous- 
alcoholic hydrochloric acid for 2 hours. Water was then added, and the alcohol removed under 
reduced pressure. The aqueous solution was extracted with ether to remove benzaldehyde, 
neutralised with lead carbonate, filtered, and the solvent removed in vacuo, leaving a viscous oil 
which distilled almost wholly between 119° and 120°/9 mm. (b. p. of a-methyl glyceryl ether, 
110°/13 mm.; of $-methyl glyceryl ether, 123°/13 mm.; cf. Hibbert, Whelen, and Carter, 
loc. cit.). 

For further characterisation, both the di-phenylcarbamate and the di-p-nitrobenzoate were 
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prepared, the m. p.’s being respectively 102° (aqueous alcohol) and 155—156° (ethyl acetate). 
These values are identical with those given by Hibbert, Whelen, and Carter (/oc. cit.) for 
6-methyl glyceryl ether, and widely different from those of the isomeric «-methyl ether deriv- 
atives (di-phenylcarbamate, m. p. 118—119°; di-p-nitrobenzoate, m. p. 108°). 

1 : 3-Benzylideneglycerol 2-Octadecyl Ether.—1 : 3-Benzylideneglycerol (10 g.) was added to 
a suspension of emulsified potassium (1-9 g.) in dry benzene (150 c.c.) and refluxed until the 
potassium had completely dissolved. Excess octadecyl iodide (60 g.) was then added, and the 
solution refluxed for a further 5 hours, cooled, and diluted with ether. After washing with 
water and drying over potassium carbonate, the solvents were removed, and the excess 
octadecyl iodide distilled off under reduced pressure (2 mm.). The residual 1 : 3-benzylidene- 
glycerol 2-octadecyl ether was crystallised several times from aqueous alcohol, being obtained 
as a waxy solid, m. p. 43—44°; yield, 71% (Found: C, 78-1; H, 10-8. C,,H,,O, requires 
C, 77-7; H, 11-1%). 

1 : 3-Benzylideneglycerol 2-cetyl ether, prepared in an analogous manner, is a colourless solid 
of similar physical properties, m. p. 34—35° (Found: C, 77-1; H, 10-9. C,,H,,O, requires 
C, 77-2; H, 10-9%). 

When these condensations are carried out with equimolecular proportions of alkyl halide 
and potassium salt, only a 10% yield of a very impure $-alkyl ether is obtained, and with a 
large excess of potassium salt no condensation product appears to be formed. 

B-Octadecyl Glyceryl Ether.—1 : 3-Benzylideneglycerol 2-octadecyl ether (2 g.) was refluxed 
for 70 mins. in 75% alcohol (70 c.c.) containing concentrated hydrochloric acid (2 c.c.), The 
solid precipitated on dilution with water was repeatedly crystallised from alcohol, from which 
pure B-octadecyl glyceryl ether separated in clusters of small needles, m. p. 62—63°; admixture 
with batyl alcohol, m. p. 70—71°, caused a depression of over 12° (Found: C, 72-9; H, 12-4. 
C,,H,,0; requires C, 73-2; H, 12-8%). 

B-Octadecyl glyceryl ether di-phenylcarbamate, prepared by keeping a solution of the alcohol in 
benzene containing excess phenyl isocyanate at room temperature for 48 hours, separates from 
benzene-ligroin as a colourless amorphous solid, m. p. 83—84°, depressed to 76—80° on ad- 
mixture with batyl alcohol di-phenylcarbamate, m. p. 97—98° (Found: C, 72-0; H, 9-0. 
C35;H,4O,N, requires C, 72-2; H, 9-3%). 

8-Cetyl glyceryl ether, prepared in a similar manner to the f-octadecyl ether, forms colourless, 
glistening crystals, m. p. 60—61°. Mixed with synthetic «-cetyl glyceryl ether (m. p. 61—62°; 
Davies, Heilbron, and Owens, Joc. cit.), the m. p. falls to 55—56° (Found: C, 72-3; H, 12-6. 
CigHyoO, requires C, 72-2; H, 12-6%). The di-phenylcarbamate prepared as above, has m. p. 
82—83°; on admixture with a-cetyl glyceryl ether di-phenylcarbamate, m. p. 91—92°, the 
m. p. is depressed by over 6° (Found: C, 71:3; H, 8-8. C33H590;N, requires C, 71:5; H, 
9-0%). 
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267. Experiments on the Synthesis of Anthocyanins. Part XXII. 
Isolation of an Anthocyanin of Salvia patens termed Delphin, and 
its Synthesis. 

By (Miss) T. M. REYNoLDs, RoBERT RosBinson, and (Miss) R. ScoTt-MONCRIEFF. 


Our interest in the anthocyanin pigment of the bright blue flowers of Salvia patens was 
first stimulated by a publication of Buxton and Darbishire (J. Genetics, 1929, 21, 71), 
which contained colour plates showing that this colouring matter is blue at a lower value 
of fy than any other anthocyanin so far examined. Although the possibility thus indicated 
of an entirely novel type did not materialise, the investigation has presented unexpected 
features and has enabled us to bridge a gap both in relation to the occurrence of antho- 
cyanins in Nature and to their synthesis. 

The pigment may be readily extracted by alkali-free water or by dilute aqueous or 
alcoholic hydrochloric acid, and fresh solutions contain an anthocyanin of the complex type 
either in a homogeneous form or mixed with the diglucosidic anthocyanin ultimately 
isolated. The distribution to isoamyl alcohol is at first somewhat higher than that charac- 
teristic of a diglucoside, but on keeping the acid solutions, especially the methyl-alcoholic 
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solutions, the distribution number falls and a normal diglucoside results. The original 
anomalous distribution is by no means so high as that of certain well-known complex 
diglucosides such as monardaein, and it may be that the anthocyanin is acylated by means 
of an acid residue containing more hydroxyl groups (monardaein is di-p-coumarylpelargonin 
and delphinin yields 2 mols. of £-hydroxybenzoic acid on hydrolysis) ; alternatively, it may 
be that the anthocyanin ultimately isolated is present in the petals mixed with a small 
proportion of a complex diglucoside of the usual type, or that the distribution number is 
lowered by the presence of co-pigment (possibly responsible for the blue tone at a low #,). 
This latter theory is supported by the observed rise of the distribution number as the 
pigment is purified. 

However this may be, the process of isolation brings about the hydrolysis of the complex, 
acylated pigment, and we were able to secure a crystalline anthocyanin which was shown 
to be a diglucoside of delphinidin. 

Briefly, the method of isolation was in the stages : (a) extraction of the petals by means 
of methyl-alcoholic hydrogen chloride (1-0%) ; (6) precipitation of a lead salt; (c) solution 
of the lead salt in acetic acid and reprecipitation with ether; (d) decomposition of the lead 
salt by means of propyl-alcoholic—-methyl-alcoholic hydrogen chloride; (e) precipitation 
of the chloride by the addition of ether to the filtrate ; (f) hydrolysis of the complex pigment 
so obtained by means of cold aqueous methyl-alcoholic hydrogen chloride; (g) recrystal- 
lisation of the crude pigment from aqueous hydrochloric acid with and without the addition 
of methyl] alcohol. ' 

The substance proved, as already stated, to be a delphinidin diglucoside, and its colour 
reactions appeared to relate it to the cyanin type rather than to that of mecocyanin. It 
thus appeared that we had encountered the hitherto unknown analogue in the delphinidin 
series of pelargonin, cyanin, peonin, malvin, and hirsutin, and as shown below the view 
that the substance is actually O-3 : 5-diglucosidyldelphinidin chloride (1) has been confirmed 
by synthesis. 

OAc 


Cl 
a OH 

a3 HO’ V5 OH Le Xe dit’ 
O-C,H,,0; W H, Ac 


C,H,,0,°0 \O-C,H,O(OAc), 


There is little doubt but that this anthocyanin will prove to be widely distributed, and 
qualitative tests (cf., e.g., Robinson and Robinson, Biochem. J., 1931, 25, 1687) have already 
indicated a number of possible places of occurrence. Therefore we have carefully considered 
the difficult problem of nomenclature, and now propose the name delphin for the antho- 
cyanin in view of its relation to delphinidin, which is the same as that of cyanin to cyanidin. 
A name based on Salvia would not be suitable, as different anthocyanin pigments have 
already been termed salvin, salvinin, and salvianin. Kit 

The synthesis of delphinidin 3 : 5-diglucoside, like that of delphinidin 3-glucoside 
(Reynolds and Robinson, this vol., p. 1039), is surrounded by difficulties of an experimental 
nature. The necessary components were already known, but the conditions for the 
condensation, and even more for the subsequent working up of the product, were difficult 
to find and must be observed narrowly. The required acetophenone derivative (II) is 
feebly reactive in flavylium salt syntheses, and thus time is afforded for the auto-condens- 
ation of the tetra-acetylglucoside of phloroglucinaldehyde with which it is coupled. This 
leads to the formation of a green fluorescent xanthylium salt (probably) diglucosidic by- 
product, the separation of which from the required delphinidin diglucoside is exceedingly 
difficult, and in bad cases the attempt was perforce abandoned after fruitless efforts. 

Ultimately, however, small pure specimens were isolated, and a direct comparison and 
study of distribution numbers, absorption, and colour reactions show that the substance is 
identical with delphin chloride. ; 

Attempts to obtain delphin from other natural sources will be made, attention being 
first focused on the hydrolysis of delphinin. Attempts to isolate the condensation product 
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of the tetra-acetylglucoside of phloroglucinaldehyde in a pure state were unsuccessful, but 
a crystalline substance was obtained from 2-O-benzoylphloroglucinaldehyde under similar 
conditions. This substance does not appear to be analogous with the product from the 
glucoside; it forms green crystals soluble in acids to a red solution, and in alkalis it gives 
blue solutions. These reactions are anthocyanidin-like, and after hydrolytic removal of 
benzoyl groups a crystalline chloride and picrate were obtained. The analyses are by no 
means so sharp as could be wished, but point to the formula C,,H,,0,Cl, and (ITI) and (IV) 
are two constitutions corresponding with this composition. 


Cl Cl 


atlas 


—— 
(II) aan WS at HO” \*c,H,(0H);  (IVv.) 


Se 
Me H H, 


These formule are not advanced as suggested constitutions, but merely in order to 
illustrate the possibilities; it does not seem to be feasible to represent the condensation 
in any simple fashion, ¢.g., as leading to a xanthylium salt, and it would appear that one 
molecule of the phloroglucinol derivative suffers some kind of disruption, the fragments 
condensing with two further molecules of benzoylphloroglucinaldehyde. 


EXPERIMENTAL. 


Isolation of Delphin Chloride.—Owing to the large amount of anthoxanthin present, crude 
extracts of the flowers of Salvia patens give a bright green colour on the addition of sodium 
carbonate. The co-pigment nature of this anthoxanthin is demonstrated in the markedly blue 
tone of the crude extracts; both when strongly acid or in a buffered series of graded pg, as 
compared with the colours obtained after purification of the anthocyanin. 

The fresh flowers, from which the calyx but not necessarily the stamens were removed, were 
collected in bulk, dried in air at 30°, and stored in tins. About 500 g. of dried material were 
used in all, the purification and subsequent isolation being carried out in three separate portions. 

In spite of the high concentration of pigment in the flowers, yet, owing to the necessity of 
employing a wasteful method of isolation, the final yield of pure crystalline diglucoside was 
comparatively small. 

The dried flowers (180 g.) were soaked for ca, 12 hours and extracted with successive quanti- 
ties of methyl-alcoholic hydrochloric acid (1%). Saturated aqueous lead acetate solution was 
added slowly and with stirring to the combined dark magenta extracts (3 1.) until the colour 
began to turn purple. A few drops of dilute hydrochloric acid were added in order to prevent 
the formation of pseudo-base, and the lead chloride was allowed tosettle. 10(C.c. of the decanted 
liquor were set aside, the addition of lead acetate to the remainder being continued drop-wise with 
frequent stirring until the blue precipitate of the anthocyanin lead salt assumed a slightly green 
tinge due to the commencement of precipitation of the lead salt of an anthoxanthin. The 10c.c. 
of solution in reserve were then added to remove the green tinge. The whole was well stirred 
and set aside over-night, and the greenish-blue supernatant liquor containing the greater part 
of the anthoxanthin and a certain amount of anthocyanin was then decanted. The dark blue 
precipitate was collected, washed twice with methyl alcohol, drained, and while still moist 
shaken occasionally during 10 hours at 30° in a large-mouthed stoppered jar with successive 
amounts of acetic acid (290 c.c. of glacial acid and 10 c.c. of water) until the greater part of the 
pigment had been extracted. (Extraction with 10% methyl-alcoholic hydrogen chloride may 
be substituted for that with acetic acid, but only when the amount of residual anthoxanthin 
is small.) 

After cooling and filtering, the blue lead salt was reprecipitated by the addition of an excess 
of peroxide-free ether. Most of the impurities remained in the pale brown solution, which was 
decanted and discarded, the solid being washed with ether and converted into the chloride by 
solution in propyl alcohol (200 c.c.) containing 25% methyl-alcoholic hydrogen chloride (20 c.c.). 
After being kept for 12 hours, the lead chloride was removed, and the red pigment precipitated 
with ether. Solution in a less acid mixture of propyl and methyl alcohol, and later in methyl 
alcohol, and reprecipitation with ether was repeated until lead chloride could no longer be 
separated. 
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The pigment was finally precipitated by ether as a slightly sticky opaque mass which still 
retained its complex (acylated) nature. A small quantity was dissolved in the minimum of 
hot 0-5% aqueous hydrochloric acid, and the acid concentration of the cooled and filtered solution 
increased to 5%. The pigment was at once deposited as a sticky amorphous mass, and all 
attempts to obtain it in a crystalline form were unsuccessful. 

This complex pigment resembled the normal diglucoside in its colour reactions, but it was 
much more readily soluble in water, alcohol, and dilute hydrochloric acid; it had the high 
distribution ratio of a complex anthocyanin, this value being reduced to that of a diglycoside 
after treatment while hot with a slight excess of 20% aqueous sodium hydroxide and re- 
acidification. 

The normal diglycoside was obtained from the complex pigment by hydrolysis in cold acid 
solution. About 0-5 g. of the amorphous pigment was dissolved in methyl alcohol (20 c.c.), 
and an equal volume of hydrochloric acid (d 1-16) added. After 24 hours a considerable amount 
of an amorphous or semi-crystalline dark bluish-purple pigment had separated, and this had a 
distribution number that was almost zero (isoamyl alcohol). It was very sparingly soluble in 
cold aqueous acids, alcohols, and water, and on being gently heated with alcohol or water, a 
colourless pseudo-base was easily formed. After dissolution in boiling 0-5% aqueous hydro- 
chloric acid, however, crystallisation occurred very slowly. It was effected by solution in the 
minimum of boiling water containing a trace of hydrochloric acid, filtration after keeping over- 
night, acidification with concentrated hydrochloric acid drop by drop until a slight precipitate 
formed, filtration after 10 hours and final increase of the acid concentration to 3%, and keeping 
for 48 hours in the ice-chest. This process was repeated several times until the clusters of short, 
flat, leaf-like crystals had a striking bronze reflex, were quite homogeneous under the microscope, 
and with sodium carbonate gave a pure blue reaction fading to a clear green. (In the case of 
impure specimens the solutions faded to a brownish-green.) The pigment was finally collected, 
washed with 5% aqueous hydrochloric acid, and dried in the air at room temperature. The 
yield was about 0-25 g., but further amounts were obtained on working up the less pure fractions. 
The specimens (A) and (B) were isolated in this way. 

Another specimen (C) was obtained by adding an equal volume of 3-0% methyl-alcoholic 
hydrogen chloride to a concentrated cooled solution of the pigment in 0-5% hydrochloric acid ; 
the diglucoside then crystallised in single short flat crystals, which after drying in air formed a 
bronze powder containing the same number of molecules of water of crystallisation as the 
cluster crystal forms previously described. 

The solubility of the pigment was found to decrease as the purification proceeded. The fact 
that during some of the later crystallisations the mother-liquors remained unusually pigmented 
is attributed, on the strength of the rise in the distribution number, to the presence of small 
amounts of monoglycosidic anthocyanin, presumably formed by semi-hydrolysis of a part of the 
diglycoside during the dissolutions in hot dilute acid. Any traces of monoglycoside adhering to 
the crystals of the diglycoside were easily removed on washing with cold 5% hydrochloric acid. 

The specimen (A) was analysed (Found : C, 45-0; H, 5-2; Cl, 5-4; lossin high vacuum at 
105° over phosphoric anhydride, 9-9, 9-3; MeO, 0-0. C,,H;,0,,Cl,3-0H,O,0-1HCl requires 
C, 45-0; H, 5-1; Cl, 5-4; 3H,O, 75%. Found, in material dried in high vacuum at 105° : 
C, 49-7; H, 4-7; Cl, 4:7. C,,H3,0,,,0°9HCl requires C, 49-2; H, 4-7; Cl, 4-7; loss from 
C,,H;,0,,Cl,3H,0,0-1HCl, 8-6%). Thus, if our interpretation is correct, two frequently 
encountered phenomena are together exhibited in this case. In the first place, co-ordinated 
hydrogen chloride is present in the salt in small proportion, and in the second place the salt 
loses a portion of its hydrogen chloride on drying at 105° in a vacuum, The properties of 
delphin chloride are described below (p. 1241). 

Hydrolysis of Delphin Chloride—The crystalline glucosidal pigment was hydrolysed by 
means of an excess of boiling 10% hydrochloric acid during two minutes. The anthocyanidin 
separated as an apparently amorphous, nearly black precipitate, and showed all the qualitative 
reactions of delphinidin chloride. It was almost completely extracted from acid aqueous 
solution by means of amy] alcohol, and the organic layer shaken with sodium acetate became 
violet blue. Washing with 1% hydrochloric acid extracted a little of the pigment from the 
amyl-alcoholic solution. 

The pigment was not extracted from a solution in 1% hydrochloric acid by means either of a 
mixture of anisole, ethyl isoamyl ether, and picric acid under the conditions prescribed by 
Robinson and Robinson (/oc. cit.), or of cyclohexanol—toluene (1 : 5). 

On the addition of aqueous sodium hydroxide (10%) to a dilute solution, the pigment was 
at once destroyed. The air-dried anthocyanidin chloride lost 13-8% on being dried at 105° ina 
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vacuum over phosphoric anhydride. Ina quantitative experiment the air-dried delphin chloride 
(30-2 mg.) was dried at 105° ina vacuum over phosphoric anhydride (loss, 9-6%) and hydrolysed, 
giving delphinidin chloride (air dried, 17-4 mg.) (A) and glucose (11-63 mg., by Bertrand’s 
method). Calculated as anhydrous materials this gives delphinidin chloride, 54-9%, and 
glucose, 42-6% (C,,H;,0,,Cl requires C,,H,,0,Cl, 51-1; 2C,H,,0,, 54:2%). 

In a second hydrolysis, air-dried delphin chloride (27-3 mg.) gave delphinidin chloride 
(14-1 mg., and 12-4 mg. after drying at 105° in a vacuum over phosphoric anhydride) and glucose 
(11-12 mg., by Bertrand’s method). Thus the yields are delphinidin chloride (dried), 45-4, and 
glucose, 40-8% (C,,H,,0,,Cl,83H,O requires C,,H,,0,Cl, 47-4; 2C,H,,0O,, 50-°3%). The high 
values for anthocyanidin and low values for sugar have been previously observed, and in Will- 
statter’s researches a value for glucose 7—12% below the theoretical was frequently recorded 
(cf. Willstatter and Mieg, Annalen, 1914, 408, 131; Willstatter and Bolton, ibid., p. 54; Will- 
statter and Weil, Annalen, 1916, 412, 246; Willstatter and Burdick, ibid., p. 224; Willstatter 
and Bolton, ibid., p. 132). On the other hand, Willstatter and Nolan (Amnalen, 1914, 408, 12), 
in the analysis of cyanin by hydrolysis, obtained good values in the determination of sugar; 
the figure for cyanidin chloride was too high. The dried delphinidin chloride from the second 
hydrolysis gave analytical figures indicating loss of hydrogen chloride, so the specimen (A) was 
crystallised by solution in 0-5°% aqueous hydrochloric acid and increase of the acid concentration 
to 10%. The anthocyanidin chloride crystallised in small, dense aggregates, and was dried in 
the air for 24 hours (Found: C, 44-9; H, 4:7; Cl, 8-5. C,;H,,0,Cl,3-5H,O requires C, 45-1; 
H, 4:5; Cl, 88%). A delphinidin chloride hydrate of this composition has not previously been 
observed, but the behaviour of the substance is known to be dependent on the conditions of 
crystallisation. Willstatter and Weil (Annalen, 1916, 412, 178) described four hydrates, and 
among them one with 1-5H,O crystallising from 20% or more concentrated acid, and another 
with 4H,O crystallising from 5% hydrochloric acid. Our preparation evidently represents an 
intermediate stage. 

The colour reactions of this sample in buffered solutions of graded pg were compared with 
those exhibited by a specimen of synthetic delphinidin chloride (Bradley, Robinson, and Schwar- 
zenbach, J., 1930, 793), and no divergences were noted at the time of mixing or on keeping the 
solutions. 

The above observations, taken together, establish the identity of the anthocyanidin chloride 
with delphinidin chloride. The characterisation of the sugar could not be so satisfactorily 
accomplished owing to the small amount available, but the following experiment indicates that 
it is probably glucose and certainly not galactose, which is the only likely alternative. 

We compared the behaviour of the sugar obtained on hydrolysis of the natural and synthetic 
diglycosides in Sérensen and Hangaard’s orcinol-sulphuric acid colouf reaction under conditions 
similar to those adopted by Bell and Robinson (this vol., p. 816). The specimens (2-2 mg. 
N and S) were separately dissolved in 0-1% sulphuric acid, colorimetrically adjusted to equal 
tinctorial intensity in 30 c.c., mixed with concentrated sulphuric acid (10 c.c.), and heated on the 
steam-bath for 75 minutes. The delphinidin was then removed by two extractions with isoamyl 
alcohol (in the case of N, the second extraction removed 5-3% of the anthocyanidin, and with S 
the corresponding value was 5-7% ; in both cases the aqueous solution retained a very pale colour 
perceptible only when looking through 10 cm. or longer), and the aqueous solutions were washed 
with pure benzene; their volumes were then adjusted by the addition of a few drops of sulphuric 
acid of the appropriate concentration toN. The actual experiment was carried out as described 
by Bell and Robinson but with double the volumes throughout. The ratios of the colours 
observed were the following, S being the more intense where a slight difference was noted. After 
7 minutes, 1-0; 17 minutes, 0-97; 35 minutes, 0-95; 65 minutes, 0-98. The colour change was 
from a smoky brownish-yellow to deep orange-brown, and the colours were identical throughout ; 
a blank showed that the greater part of the coloration observed could be attributed to the sugar 
in the solution. 

7:3':4' : 5'-Tetrahydroxy-3 : 5-di-B-glucosidoxyflavylium Chloride (Synthesis of Delphin 
Chloride).—A solution of w-tetra-acetyl-f-glucosidoxy-3 : 4 : 5-triacetoxyacetophenone (3-8 g.) 
(Reynolds and Robinson, /oc. cit.) and 2-O-tetra-acetyl-f-glucosidylphloroglucinaldehyde 
(2-4 g.) (Robinson and Todd, J., 1932, 2490) in pure, dry ethyl acetate (50 c.c.) was cooled to 0° 
and saturated with dry hydrogen chloride. After keeping for 6 days at 0°, the solution was diluted 
with dry ether, and the bright red precipitate was washed with ether, collected, and dried (3 g.). 
It gave a pure blue solution with an intense green fluorescence in aqueous sodium carbonate ; 
the blue colour faded slowly to a brownish-yellow, but the fluorescence was very stable. 

A methyl-alcoholic solution of barium hydroxide (70 c.c. of 6%) was added to a solution of 
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this acetylated material (3 g.) in 0-5% methyl-alcoholic hydrogen chloride (15 c.c.) in an atmo- 
sphere of dry hydrogen ; a bluish-green precipitate formed, and the mixture was stirred for 4 hours 
by means of a current of pure hydrogen. Methyl-alcoholic sulphuric acid (21 c.c.; previously 
titrated) was added, the barium sulphate was removed by centrifuging, and the flavylium salt 
(0-8 g.) precipitated by the addition of dry ether. This material had a diglucosidic distribution 
(0-5% hydrochloric acid and isoamyl alcohol) ; it gave a pure blue solution with an intense green 
fluorescence in aqueous sodium carbonate, and its dilute aqueous solution (pseudo-base) had a 
dull yellow colour. 

This deacetylated material (0-8 g.) was dissolved in hot 1% aqueous hydrochloric acid 
(10 c.c.), and concentrated hydrochloric acid (2 c.c.) was added to the cooled solution. The 
sticky precipitate which separated over-night was isolated, and the mother-liquor was diluted 
with ethyl-alcoholic hydrogen chloride (6°5 c.c. of 5%), inducing crystallisation on keeping for a 
few hours. The solid (0-2 g.) was collected after 24 hours, and ethyl-alcoholic hydrogen chloride 
(13 c.c. of 5%) and ether (ca..5c.c.) were added to the filtrate, giving a second crop of crystals 
(ca. 75 mg.). The mother-liquor yielded only amorphous material on further treatment. The 
two crystalline fractions, both of which gave a pure blue solution with only a faint green fluor- 
escence in aqueous sodium carbonate, were combined and dissolved in hot 1% hydrochloric acid 
(75—80 c.c.); the addition of ethyl-alcoholic hydrogen chloride (20 c.c. of 15%) to the cooled 
solution caused crystallisation to commence after about 30 minutes, and the solid was isolated 
(0-15 g.) after 24 hours. This material had a more marked fluorescence in sodium carbonate 
solution than before recrystallisation. Approximately 30 mg. were recrystallised in the same 
way, but the crystals (10 mg.) were collected after 12 hours and then exhibited no fluorescence 
in sodium carbonate solution. The remainder of the material was then recrystallised, and 
collected after 3 hours’ keeping (40 mg.). These two fractions were combined (total 80 mg.) with 
a corresponding fraction (30 mg.) from the condensation described below and recrystallised in 
the same way (using 55 c.c. of 1% hydrochloric acid and 15 c.c. of 20% ethyl-alcoholic hydrogen 
chloride) (yield, 55 mg.) (Specimen I) (Found, in material dried in vacuum over phosphoric 
anhydride at room temperature: C, 44-2; H, 4-9; Cl, 5-3; loss in high vacuum at 105° over 
phosphoric anhydride, 10-7, 11-5. C,,H3;,0,,Cl,4H,0,0-1HCI requires C, 43-9; H, 5-3; Cl, 5-3; 
4H,O, 98%. Found, in material dried in high vacuum at 105°: C, 49-5; H, 4-5; Cl, 5-9. 
C,,H3,0,,C10-1HCl requires C, 48-9; H, 4-7; Cl, 59%). The high loss on drying 
indicated that water may have been removed from the molecule itself (4:5H,O from 
C,,H;,0,,Cl,4H,0,0-1HCl requires 11-0. C,,H3;,0,,Cl,0-1HCl — 0-5H,O requires C, 49-3; H, 
4-6; Cl, 5-9%). Alcohol and ether were added to the mother-liquors of both preparations, and 
the material precipitated was fractionated in a similar manner and finally recrystallised from 
methyl-alcoholic hydrogerf chloride (ca. 3%) (Specimen II, 30 mg.). 

Both specimens gave a pure blue, fading slowly through green to an almost colourless, solution 
in aqueous sodium carbonate, and their dilute aqueous solutions were colourless. The former 
contained a trace of monoglucoside, as shown by its distribution to isoamy] alcohol. 

2-O-Tetra-acetyl-B-glucosidyl-4-O-benzoylphloroglucinaldehyde (?).—A solution of 2-O-tetra- 
acetyl-8-glucosidylphloroglucinaldehyde (2-3 g.) and benzoyl chloride (0-7 g.) in pyridine (60 c.c.) 
was heated to 35°, kept at room temperature during 30 minutes, and then poured into dilute 
aqueous hydrochloric acid; the precipitated oil solidified rapidly (2-4 g.). It could not be 
crystallised, but it separated in an amorphous form, m. p. 72—74°, from aqueous methy] alcohol. 
The analyses of this material were not sufficiently sharp; it yielded cyanin (colour tests and 
distribution) when condensed with w-tetra-acetyl-B-glucosidoxy-3 : 4-diacetoxyacetophenone 
and then hydrolysed in the usual way. 

7-Benzoyloxy-3' : 4’ : 5'-triacetoxy-3 : 5-di(tetra-acetyl-B-glucosidoxy)flavylium Chloride (?).— 
A solution of w-tetra-acetyl-$-glucosidoxy-3 : 4 : 5-triacetoxyacetophenone (1-6g.) and 2-O-tetra- 
acetyl-f-glucosidyl-4-O-benzoylphloroglucinaldehyde (1-5 g.) in pure, dry ethyl acetate (40 c.c.) 
was cooled to 0° and saturated with dry hydrogen chloride. After 7 days at 0°, the condensation 
product (1°9 g.) was precipitated with dry ether. It gave a pure blue coloration and a green 
fluorescence with aqueous sodium carbonate. . 

This material was hydrolysed with methyl-alcoholic barium hydroxide as above ; the product 
(0-5 g.) resembled that from the previous condensation and was fractionally crystallised in a 
similar manner (30 mg. as mentioned above). 

Comparison of Natural and Synthetic Anthocyanins.—The three specimens of the natural 
pigment (A, B, and C, see p. 1238) and specimens I and II of the synthetic material exhibited the 
same behaviour towards reagents and in all usually observed properties except as indicated 
below. 
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The absorption curves of all five were plotted (1-2 mg. in 100 c.c. of 0-1% methyl-alcoholic 
hydrogen chloride). It appeared from the results that the natural specimen A might prove to 
be identical with the synthetic specimen II if it were freed from the trace of monoglucoside which 
appeared to be present. Solutions of these two specimens in 0-5% hydrochloric acid (previously 
equilibrated with n-butyl alcohol) were washed with n-butyl alcohol and used for the determin- 
ation of absorption curves, distribution ratios, and colour reactions in a range of buffered solu- 
tions. The absorption curves agreed closely, but the distribution ratios were different, as were 
also the colour reactions, those of the natural pigment becoming blue at a lower py than those 
of the synthetic substance. 

Both specimens were, therefore, recrystallised; the synthetic anthocyanin (10 mg.) was 
dissolved in warm 0-5% methyl-alcoholic hydrogen chloride (10 c.c.), and concentrated hydro- 
chloric acid (1 c.c.) added to the cooled solution; recrystallisation commenced almost immedi- 
ately and the solid (3-55 mg.) was collected after 14hours. The natural anthocyanin (20 mg.) 
was recrystallised in the same way with a similar result. 

The absorption curve of the recrystallised natural specimen agreed with that of Specimen II 
before recrystallisation (see fig.). The distribution ratios (05% hydrochloric acid and 
n-butyl alcohol) were determined as described 
by Robinson and Todd (J., 1932, 2492), ane 2 troy e 
3-55 mg. being used in each case, and were 
found to be 11-7 for the synthetic and 12-0 
for the natural specimen. The 0-5% hydro- 
chloric acid solutions (saturated with butyl 
alcchol) remaining from these determinations 
were used for the comparison in buffered 
solutions. 1 C.c. was added to 10 c.c. of each 
buffered solution. The colours given by the 
two recrystallised anthocyanins were identi- 
cal, and agreed with those of the synthetic 
specimen II before recrystallisation (for 
numbers see Robertson and Robinson, 
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pink in less than 1 min.; (5) bluish-pink, 4200 ed res h yd _ 
fading to colourless in about 30 secs. ; (7) red- a Thin aisteacine 
dish-violet ; (9) blue-violet; (11) same; (13) violet-blue; (15) pure blue; (17) dull blue, fading 
to colourless and then becoming cream in a few seconds. Blue-violet with aqueous sodium 
acetate; pure blue with aqueous sodium carbonate. After 1 hour (1), (3), (5) unchanged; 
(7) colourless ; (9) faded somewhat and slightly bluer; (11), (13) unchanged; (15) faded to very 
pale blue; (17) unchanged. After 18 hours, (1) somewhat paler; (3) slightly pink; (5), (7), 
colourless; (9) almost colourless, slaty tinge; (11) slaty blue; (13) tinge of blue; (15) slightly 
yellowish; (17) unchanged. 

All the specimens, natural and synthetic, were very sparingly soluble (or insoluble) in cold 
water, alcohol, and dilute acids. Solution occurs readily in hot dilute hydrochloric acid, and 
crystallisation from such solutions is alyays slow and sometimes fails altogether. The pseudo- 
base is formed on heating with water or a simple alcohol, and the natural and synthetic specimens 
were decolorised at the same rates, and the colour was recovered on acidification to the same 
extent. All specimens dissolved in aqueous sodium carbonate to a bright, pure blue solution, 
fading slowly to a clear green; this occurred quickly with sodium hydroxide. 

Sodium acetate gives a violet-blue, and ferric chloride added to an aqueous solution develops 
a bluish-violet coloration. In alcoholic solution the iron reaction is violet-blue. 

The addition of lead acetate to a solution of the synthetic salt afforded a royal-blue precipitate, 
the formation of which enabled us to isolate the natural pigment. Addition of picric acid to 
an acid solution gives no precipitate. 

The solubilities in 1% methyl-alcoholic hydrogen chloride were compared, but were only 
approximately identical (the particular specimens employed had not been fully purified as 
described above). After seven washings with the methyl-alcoholic acid (the solvent being left 
in contact with the solid for several days in each case), the difference in concentration was only 
just perceptible. The natural pigment was then centrifuged and added to the solution from the 
synthetic pigment and vice versa; in neither case was any further solution observed (colorimetric 
comparison). The solutions were then mixed, and the chlorides of malvin, cyanin, and meco- 
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cyanin added to separate portions; in all three cases a considerable increase of the intensity of 
the colour of the solution occurred. 

A saturated solution of the natural pigment in hot 2% methyl-alcoholic hydrogen chloride 
was cooled, divided, and one portion dusted with the synthetic pigment. Crystallisation 
occurred first in the inoculated solution, and apparently to some extent (although not wholly) 
by increase of the size of the visible particles introduced. The habit of crystallisation of the 
specimens is the same, but we have not seen crystals of the synthetic material that are as well 
defined as some of those of the natural pigment. This is a matter under the influence of traces 
of impurities, and with substances of different origin some divergence in the shape and size of 
crystals is tolerable. On the other hand, rapid crystallisation ot natural and synthetic specimens 
afforded material having exactly the same appearance in solution, in mass, and under the 
microscope. 

Condensation of 2-O-Tetra-acetyl-B-glucosidylphloroglucinaldehyde under the Influence of 
Hydrogen Chloride.—A solution of the aldehyde (1 g.) in pure, dry ethyl acetate (50 c.c.) was 
cooled to 0° and saturated with dry hydrogen chloride. After 6 days at 0° addition of dry ether 
to the brown solution gave an orange-yellow solid (0-6 g.). This was dissolved in 0-1% methyl- 
alcoholic hydrogen chloride (5 c.c.) and hydrolysed with methyl-alcoholic barium hydroxide in 
an atmosphere of hydrogen in the usual way. The orange-yellow, amorphous product was 
readily soluble in water and dilute acids to lemon-yellow solutions with diglucosidic distributions 
to amyl and butyl alcohols. It gave an orange solution with an intense green fluorescence in 
aqueous sodium carbonate, and it was readily hydrolysed toa sugar-free (as shown by its high 
distribution to amyl alcohol) compound which gave yellow acid and neutral solutions, and a 
light pinkish-brown coloration with no fluorescence in aqueous sodium carbonate. It is doubt- 
less this substance that adhered to our synthetic anthocyanin so tenaciously. 

Auto-condensation Product from 2-O-Benzoylphloroglucinaldehyde.—A solution of 2-O-benzoy]- 
phloroglucinaldehyde (1 g.) in pure, dry ethyl acetate (50 c.c.) was cooled to 0°, saturated with 
dry hydrogen chloride and kept at 0°. The solution became dark red over-night, and crystals 
began to separate after 2 days; these were collected (0-4 g.) after 5 days, and dry ether was 
added to the filtrate, precipitating a brown amorphous powder (0-2 g.). The crystals appeared 
to be a mixture of green and purple substances, but the latter proved to be the starting material 
coloured by traces of the condensation product and was removed by extraction with ether 
(residue, 0-3 g.). In another preparation, 0-4 g. of 2-O-benzoylphloroglucinaldehyde yielded 
0-2 g. of the green condensation product. 

This substance was practically insoluble in water or aqueous acids, but dissolved readily in 
methyl-alcoholic hydrogen chloride, giving a deep reddish-violet solution; it gave a violet-blue 
and a pure blue solution respectively in aqueous sodium carbonate and sodium hydroxide. It 
was not readily recrystallised, and was accordingly hydrolysed by means of sodium hydroxide 
(0-2 g. in 5 c.c. of ethyl alcohol and 5 c.c. of 10% aqueous sodium hydroxide) in an atmosphere 
of hydrogen. The solid dissolved slowly to a stable, dark blue solution, and after 4 hours at 
room temperature concentrated hydrochloric acid (3 c.c.) was added. The deep violet-red 
solution was heated to 50—60° to complete the formation of the chloride; it was then cooled 
and a further 10 c.c. of concentrated hydrochioric acid added. Crystals began to separate 
immediately, and were collected after 12 hours; these tended to become sticky in air, but were 
quite stable after drying ina vacuum; they were dark greyish-violet with a green reflex. 

This salt was appreciably soluble in cold water and dilute hydrochloric acid, and readily 
soluble in the hot solvents to bluish-red solutions, brownish-red when concentrated. The 
aqueous solution is bluer in tone than the acid solution. The bluish-violet solution in aqueous 
sodium carbonate is stable for several hours, but the pure blue solution in aqueous sodium 
hydroxide fades to light violet after 4 hours. The pure blue ammoniacal solution fades through 
violet to a pale plum colour in about 4 hours; it gave a light reddish-violet coloration with 
aqueous sodium acetate. Its distribution to isoamyl alcohol was 100, the alcoholic solution 
being violet-red, and violet-blue in thin layers; with sodium acetate the alcoholic layer became 
a bluer red, pure blue in thin layers; with sodium carbonate the colour changed to blue and 
passed into the aqueous layer. Its distribution to ethereal picric acid was 100. It gave no 
reaction with ferric chloride. 

This material was recrystallised by solution in hot 1% aqueous hydrochloric acid and addition 
of concentrated hydrochloric acid to the cooled solution (Found: C, 50-2; H, 4:8; Cl, 91. 
C,,H,,;0,Cl,3H,O,0-1HCI requires C, 49-6; H, 4-8; Cl, 9-0%). It was noticed that after several 
weeks the initially deep red mother-liquors became yellow, and a brown solid separated which 
gave a pinkish-yellow solution in aqueous sodium carbonate and appeared to be allied to the 
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brown solid obtained in the original condensation. If a larger volume of concentrated hydro- 
chloric acid was added in the recrystallisation process, so that almost the whole of the solid was 
precipitated, the mother-liquors were yellow, and also a solution of the substance in 1% hydro- 
chloric acid became yellow when refluxed for 4 hours. 

A further quantity (0-2 g.) of the original condensation product was hydrolysed with sodium 
hydroxide in an atmosphere of hydrogen as before. The resultant solution was acidified with 
concentrated hydrochlorie acid (2 c.c.), warmed slightly, and immediately mixed with an equal 
volume of hot 1% aqueous picric acid. A small amount of solid separated on cooling, and the 
addition of a further 2 vols. of 1% aqueous picric acid gave a voluminous, beautifully crystalline, 
deep purple picrate. This was recrystallised twice from 50% methyl alcohol (Found : loss in 
high vacuum at 105°, 5-6, 6-9. Found, in dried material: C, 50-7; H, 2-9; N, 7-7. C.,.H,,0,,N, 
requires C, 50-4; H, 3-1; N, 7-3%). A crystalline chloride was obtained by dissolving this 
picrate in methyl-alcoholic hydrogen chloride and adding ether; this was analysed without 
recrystallisation and found to contain some inorganic matter which has been allowed for in the 
results (Found : C, 53-3; H, 4-8; Cl, 8-2; lossin high vacuum at 105°, 7-0. C,,H,,;0,Cl,1-5H,O 
requires C, 53-3; H, 4-4; Cl, 8-6; H,O, 6-7; loss of 1-5H,O + 0-1HCI requires 7-7. Found in 
material dried in high vacuum at 105°: C, 57-4; H, 4-5; Cl, 7-9. C,gH,,0,,0-9HCI requires 
C, 57-7; H, 4-0; Cl, 83%). The reactions of this material agreed in all respects with those of 
the specimen described above. 

The brown amorphous condensation product (0-2 g.) was hydrolysed with sodium hydroxide 
and precipitated from aqueous acid solutions in the same way as an almost black, probably 
amorphous, solid (Found : C, 51-9; H, 4-1; Cl, 13-5; loss in high vacuum at 105°, 8-7; Cl, after 
drying, 14-3%). It gave yellow solutions in dilute hydrochloric acid, and pinkish-yellow solu- 
tions in sodium carbonate, reactions which suggest a xanthylium salt constitution. 


The authors are indebted to Mr. J. Resuggan for assistance in the preparation of material in 
connexion with the synthetic work. They also thank the Department of Scientific and Industrial 
Research for a Research Grant (R. S.-M.) and the Royal Commissioners for the Exhibition of 
1851 for an Overseas Studentship (T. M. R.). 
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268. The Kinetics of Some Reactions of Heavy Hydrogen. Part I. 
By H. W. MELVILLE. 


A SUFFICIENT number of reactions of heavy hydrogen with other molecules has now been 
investigated to indicate the magnitude of, and in some cases the reason for, the differences 
in the velocities with which the two isotopes react; ¢.g., in the combination of hydrogen 
and chlorine (A. and L. Farkas, Naturwiss., 1934, 218; Rollefson, J. Chem. Physics, 1934, 
2, 144) and of hydrogen and bromine (Bonhoeffer, Bach, and Fajans, Z. physikal. Chem., 
A, 1934, 168, 313), it would appear that the zero-point energy in the rate-determining step, 
viz., Cl + H, and Br + Hg, is the main factor causing the deuterium to react more slowly. 
Similarly, in catalytic reactions on a nickel surface (Melville, this vol., p. 797), zero-point 
energy is apparently responsible for the separation. It thus seems possible to apply these 
ideas to the mechanism of reactions not so well understood in order to facilitate a correct 
choice from a number of hypotheses. 

Another problem of considerable interest is the rate at which atomic hydrogen and 
deuterium react with molecules in the gas phase and also with reducible solid compounds. 
The atom is now free, and therefore zero-point energy should not contribute to the energy 
of activation, except that the zero-point energy of the collision complex may slightly 
favour the reaction of the deuterium atom (Polanyi, Nature, 1933, 182, 819). On the 
other hand, there is also the possibility of leakage of the hydrogen and deuterium atoms 
through the potential barrier, in reactions where this exists, causing the former atom to 
react more quickly. The calculations which have been made by Bell (Proc. Roy. Soc., A, 
1933, 189, 466) and by Bawn and Ogden (Trans. Faraday Soc., 1934, 30, 432) demonstrate 
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that, with reasonable barrier widths and energies of activation, leakage is important ; ¢.g., 
the last two authors calculated that, for a barrier 2 A. wide with an energy of activation 
of 13 kg.-cals., the hydrogen atom reacts 2-7 times more quickly than the deuterium atom 
at 473° K. The particular form of barrier used in these calculations may, however, tend 
to yield rather large values for the separation (cf. Topley and Eyring, J. Chem. Physics, 
1934, 2, 230). 

With the object of gaining some information on these points, the following reactions 
have been examined: the reduction of oxygen, nitrous oxide, and ethylene with atomic 
hydrogen, produced photochemically, at room temperature, where the quantum yield is 
of the order of unity, and at higher temperatures, when chains begin to propagate and the 
mechanism changes completely. 


EXPERIMENTAL. 


The arrangement of the reaction system is shown in Fig. 1. Pressures were measured by a 
glass-spring gauge or by a McLeod gauge. In order to keep the gases saturated with mercury 
vapour, and in addition, to withdraw the water vapour produced in the hydrogen—nitrous 
oxide reaction, a small mercury-vapour diffusion pump (vol. 10 c.c.) was attached to the reaction 
tube of 20 c.c. capacity and 2 cm. in diameter. The water vapour was absorbed with calcium 
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chloride which had been strongly heated in a high vacuum. The rate of pumping was such 
that the water vapour was so quickly removed from the reaction zone that the manometer really 
indicated the pressure of the moisture-free gas a few seconds after the light had been cut off. 
The U-tubes containing the calcium chloride (C) and mercury droplets (Hg) were kept in an 
ice-bath during the run. The procedure was simply to admit the gas, note the pressure, then 
shut the short-circuiting tap (S) and expose the bulb to the mercury lamp. After the requisite 
time the light was cut off, and a few seconds allowed to elapse before the tap was opened prior 
tothe reading of the manometer. Toobtainas large an intensity of light as possible, a chromium- 
plated reflector and a lens were used to concentrate it on the bulb. The reflector alone increased 
the efficiency many-fold, thus showing that at 2537 A. well-polished chromium is a reasonably 
good reflector. A chromel-alumel couple measured the temperature. The gases were prepared 
as previously described (this vol., p. 797). 


Photochemical Results. 


Low Temperaiures.—In these experiments the circulating pump was dispensed with, and a 
small quantity of thoroughly dehydrated calcium chloride placed in the bottom of the silica 
insolation tube. Blank experiments were made to ensure that no complications intruded 
by this method of removing water vapour. Tostabilise the discharge in the lamp, an inductance 
of about 1 Henry was placed in series with the regulating resistance. Two runs were made with 
ordinary hydrogen to check the constancy of the lamp, the third run with heavy hydrogen, 
and a fourth run again with ordinary hydrogen. As has been shown (loc. cit.), the 
hydrogen-nitrous oxide reaction goes at very nearly (within 10%) the same speed with light 
and with heavy hydrogen. Similar experiments with oxygen and with ethylene, employing 
excess hydrogen (4: 1), also showed that there was no appreciable difference in velocity. A 
number of typical pressure-time curves are given in Fig. 2. These curves are nearly straight, 
i.e., the reactions are of zero order. Curve 2 illustrates a run with ordinary hydrogen carried 
almost to completion; it only bends round when the oxygen pressure has fallen to 0-3 mm. 
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Quite different results are obtained when oxygen is in excess, O, : H, = 4: 1 (Fig. 3). The 
two series of experiments show that deuterium reacts much more slowly. The ratios of the 
initial slopes of the curves are 1-39 and 1-50 for a 66% deuterium mixture. Moreover, the 
reaction is no longer of zero order, but is nearly unimolecular (with respect to the hydrogen, 
since the oxygen is in large excess). Experiments at a total pressure of 12 mm. with different 
compositions show that when hydrogen is in excess, the rate is independent of composition, 
whereas with excess oxygen, it is approximately proportional to the oxygen content, as noted 
by Marshall (J. Physical Chem., 1926, 30, 34). These observations consequently indicate 
that when the excited mercury atom is deactivated by oxygen there is no formation of water.* 
Even if oxygen atoms are produced in this process, which is probably true in a small fraction 
of the collisions, they are more likely to react with oxygen to form ozone (Kistiakowski, 
J. Amer. Chem. Soc., 1930, 52, 1868). With excess hydrogen, the quantum yield of water 
formation is of the order of unity (Frankenburger and Klinkhardt, Z. physikal. Chem., 1932, 
15, B, 421) and, furthermore, the temperature coefficient of the reaction is very small; it is 
important to note that in the radiochemical reaction the number of water molecules produced 
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per ion pair remains constant down to as low a temperature as — 180° (Schiflett and Lind, 
J. Physical Chem., 1934, 38, 327). These observations strongly suggest that, whatever be the 
mechanism by which water is formed, every hydrogen atom produced ultimately combines with 
oxygen and is not removed in any competing reaction which might seriously retard water 
formation. In other words, the rate at which water is formed is governed essentially by the 
rate of hydrogen-atom production. Thus, it would be expected that hydrogen and deuterium 
would react at apparently the same speed. But the data do not show whether, apart 
from a collision-frequency factor, the rate of H + O, is identical with that of D+ 0O,. A 
similar argument applies to the hydrogenation of nitrous oxide and of ethylene. To determine 
whether these reactions actually do proceed at the same speed, it would be necessary to compare 
them with some competing reaction, the velocity of which could be accurately calculated. 
When oxygen is in excess, several of the excited atoms are deactivated by it, and hence 
there is a competition between H, (HD,D,) and oxygen, with the result that the rate at which 


_ * As flow experiments have shown, the first product is hydrogen peroxide, which in a static system 
is photochemically decomposed to water and oxygen (cf. especially Bates, J. Amer. Chem. Soc., 1933, 
53, 110). 
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hydrogen and deuterium atoms are produced will be different for a given composition. The 
rate of hydrogen-atom formation is proportional to 


oy,°(1/My, + 1/Myg)*[H,] 
oy,2°(1/My, + 1/Myg)*{H] + 00,°(1/Mo, + 1/Mug)*{(O,] 


where o is the sum of the effective collision radii and M is the mass of the partners in the collision. 
With excess hydrogen, the expression for hydrogen and for deuterium reduces to unity, and 
so no difference in this respect is to be anticipated for the two isotopes. Employing excess 
oxygen, however, the expressions for hydrogen and deuterium will be 


oy,2(1/My,)*[H,] ‘ia Sp,2(1/Mp,)*[D,] 
30,2(1/Mo,)*[O3] 80,°(1/Mo,)*[O.] 


the ratio being very nearly (Mp,/My,)* = 1-41: 1, for it is probable that oy, and op,” are 
identical. Ina 66% deuterium mixture there are H,, HD, and D, molecules, and since the gas 
was prepared by decomposition of water on a tungsten filament, equilibrium is established, 
and the composition of the mixture is 11% H,, 45% HD and 44% D, (the equilibrium constant 
for the reaction 2HD == H, + D, is taken as 4). The separation should therefore be 
1/[0-11 + 0-45(My,/Myp)* + 0-44(My,/Mp,)*) = 1-28, while the observed value is about 10% 
higher than this. It is probable that the ethylene and nitrous oxide reactions would behave 
in the same way, save that complications would occur with the former on account of poly- 
merisation. 

Higher Temperatures.—At higher temperatures a number of changes take place, each reaction 
behaving differently. The nitrous oxide reaction may be considered first. At about 250°, 
chains begin to appear, and analysis of the kinetics of the reaction (Melville, Proc. Roy. Soc., A, 
1933, 144, 524; Trans. Faraday Soc., 1933, 29, 1255) leads to the conclusion that the steps are 


H +N,O—>N, + OH (energy of activation 15—20 kg.-cals.) 


the first step being the slower, and that at the low pressures employed in these experiments, 
termination takes place by combination of hydrogen atoms on the walls. If deuterium is 
substituted for hydrogen, a number of consequences may cause the velocity of water formation 
to decrease. By employing excess hydrogen, the rate at which chains are started is the same 
for both isotopes. Hydrogen atoms will collide more frequently with nitrous oxide molecules 
in the ratio /2 : 1, but on the other hand, they will reach the wall of the reaction vessel / 2 
times more quickly. These effects therefore cancel out. Secondly, the hydrogen atom is 
free, and zero-point energy does not contribute to the energy of activation (except that of the 
collision complex) ; any greater reactivity of hydrogen compared with deuterium may reasonably 
be attributed to “ leakage.’’ But as Fig. 4 shows, at 333°, the rates of reaction are identical 
within a few units %, the chain length being about 3, and therefore it is concluded that at this 
temperature, at least, quantum-mechanical leakage of hydrogen atoms is very small. 

This result may now be applied to the question of the mechanism of chain propagation in the 
hydrogen-oxygen reaction. A close comparison of this reaction with that of nitrous oxide 
under exactly the same conditions (Melville, Proc. Roy. Soc., in the press) has shown that the 
chain length is a little longer (about 10 at 300°), and again the chain step involving the 
disappearance of the hydrogen atom accompanied by the production of a hydroxyl] radical is 
slower than OH + H, —> H,O + H. Moreover, the kinetic analysis has also revealed that 
reaction at the ternary collision H + O, + H, = H,O + OH does not occur. It is more 
probable that HO, is formed first, and then reacts with hydrogen to yield water and hydroxy], 
the latter reaction likewise requiring 15 kg.-cals. of activation. The important point is that a 
hydrogen molecule is now concerned in the rate-determining step. It is to be expected that 
zero-point energy will again contribute its quota to the energy of activation, with the 
consequence that deuterium should react more slowly than hydrogen. The diffusion and the 
collision factor cancel out if the chains end by the combination of hydrogen atoms on the walls. 
These anticipations are realised, for it is only when chains are propagated that separation 
appears. The data are given in detail in Table I, and additional experiments in Fig. 4, and it is 
seen that at 246° and 339° there is a measurable separation which decreases as the temperature 
is raised to 421°. The results quoted in the table for ordinary hydrogen are the mean of three 
runs, viz., the two control experiments and the final check run. 

From the results at 246° and 339°, the ratio of the rates has been calculated by taking the 
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average value of the ratio of the times required for the pressure to fall to a given series of values. 
At 246°, the ratio is 1-26, at 339° 1-30, and at 421° 1-12. Witha 66% mixture, it being assumed 
that the chains are long and that the zero-point energy is wholly responsible for separation, the 


ratio of rates should be 
—800 =) 


rH) ([,] + [HD]e #7 + [D,Je #7 


which, at 339°, is equal to 2-17. The discrepancy may partly be due to the shortness of the 
chains at the low pressures employed. In this circumstance, the initial step in the reaction, 
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These groups of results were obtained with different intensities and are arranged in the diagram to show only 
approximately the increase in reaction velocity with temperature. X = 66% deuterium. 


where separation does not occur, is comparable with the propagating step, and thus the 
difference in the latter is to a large extent obscured. Another small contributory cause may 
be the exchange reaction D + H,O-—-> H + DHO, by which the deuterium content of the 


TABLE I. 


Hydrogen—oxygen reaction at high temperatures; 2:1 mixture. Pressure 4:60 mm. 
246°. A 421°. 


: ee a 

Apu, Ap (66% D). ; Apu,- Ap (66% D). 
0°18 0°17 ‘ ‘ 0°31 0°30 
0°36 0-29 . ; 0°54 0°50 
0°54 0°43 . . 0°76 “7 
0°70 0°56 p . 0°93 , 
0°84 0-70 ‘ . 1-10 

0°98 0°79 , : 1-24 

1-16 0°95 1°32 , 1-42 

1°46 1-21 —_ 1°66 

The water vapour was not removed in these experiments. 








original mixture is decreased in contrast to the normal increase brought about in the course 
of the reaction. The magnitude of this effect is difficult to calculate, for the value of the 
equilibrium constant is not yet known accurately. 

These results agree with the experiments on the thermal reaction above the upper limit 
(Hinshelwood, Williamson, and Wolfenden, Nature, 1934, 133, 836) where the chains also 
terminate on the walls. In this case, however, the nature of the initiating reaction is not known, 
and it may well be that separation occurs at this stage, so that the total observed value is rather 
larger than in the present experiments. The separation in the heterogeneous reaction on a 
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silica surface is also in good agreement with that obtained on a nickel surface at much lower 
temperatures (Melville, this vol., p. 797). 


Experiments at Low Pressures with a Palladium-coated Tube. 


An attempt has been made to determine whether in their reactions with oxygen, nitrous 
oxide, and ethylene, hydrogen reacts at the same speed as deuterium. The reaction with which 
these have been compared is the combination of atomic hydrogen on a surface of palladium-black, 
the assumption being made that hydrogen atoms combine at the same speed as deuterium atoms 
on such a catalyst. The palladium was deposited on copper-foil by immersion of the latter in 
a solution of palladium nitrate. The foil was then rolled into a cylinder so that, when introduced 
into a silica tube of 1 cm. diameter, a slit about 4 mm. wide was exposed to the lamp. 

As in the other cases, the diffusion and collision factors cancel out if excess hydrogen is 
employed. Clearly, it is necessary to work at such a pressure that the wall reaction removes an 
appreciable fraction of the atomic hydrogen generated. In all three cases the reactions, at high 
enough pressures, are of zero order and do not show any signs of becoming of higher order until 
the pressure decreases to a few mm.; ¢.g., with hydrogen—oxygen (2: 1 mixture), the rate at 
15-38 mm. was the same as that at 2-31 mm., viz., 0-118 mm./min. When the pressure was 
reduced to 0-229, the rate fell to 0-026 mm./min. Only a small fraction of this decrease is due 
to radiation of resonance radiation, and from the results of Zemanski (Physical Rev., 1930, 36, 
919) on the quenching radius of molecular hydrogen, the value of 0-026 mm./min. requires to 
be increased by 25%. Even with this correction, the decrease is very marked. To avoid 
any change in the mean life of the excited atom with the pressure of hydrogen and oxygen, 
owing to reabsorption of resonance radiation, the mercury-vapour pressure was maintained 
at 10-* mm. (cf. Garrett, Physical Rev., 1932, 40, 779). The behaviour of hydrogen and 
deuterium was therefore compared at a pressure of about 0-15 mm., and the results in Table II ° 
show practically no difference except that the deuterium curve is a little below that for ordinary 
hydrogen. This is to be expected, for when re-radiation begins to appear, the fraction of the 


TABLE II. 

Low pressures, palladium surface. 
Hydrogen: oxygen = 2: 1. Hydrogen : nitrous oxide = 2: 1. 
Initial press., mm. 0°1480. 0°1635. 2-90. 2°89. 
At: Ap (47% D). : Ap (47% D). Ap. 
0°0135 0°0105 2 0°13 0°18 
0°0275 — 5 0°35 0°38 
0°0455 0°0375 10 0°54 0°55 
0°0580 0°0545 15 0°64 0°67 


0:0740 0°0660 20 0°67 0°72 
25 0°70 0°74 


Water vapour was withdrawn by phosphoric oxide. 


excited atoms removed by hydrogen molecules will be higher than that by HD or D,, and 
therefore the rate of production of hydrogen atoms will be a little greater. For the conditions 
used above, 1.e., 47% deuterium and about 50% of the absorbed light radiated, the correction 
only amounts to 10%. The maximum ratio for very low pressures and for pure deuterium is 
again V2:1, as may be seen from the following: The rates at which hydrogen and deuterium 
atoms are produced when the mean life (+) of the excited mercury atom is greater than the time 
between the collisions of hydrogen molecules and mercury atoms are respectively proportional 
to on,2(My,)—*+ and op,*(Mp,)*+; i.e., ratio = V2: 1. 

The velocity of the hydrogen—nitrous oxide reaction fell off at a somewhat higher pressure. 
At 11-54 mm. (3-84 mm. N,O) the initial rate was 0-106 mm. /min., and at 2-89 mm. (0-96 mm. 
N,O) 0-077 mm. /min., thereafter falling rapidly, as can be seen from the results in Table II. 
For comparison, a complete high-pressure run is also given to demonstrate that zero order is 
maintained for a considerable portion of the reaction. 

The hydrogenation of ethylene follows a similar course. The reaction with excess hydrogen 
is of zero order until the ethylene pressure falls approximately to 1 mm., which is in agreement 
with experiments of Olson and Meyers (J. Amer. Chem. Soc., 1926, 48, 389). In Table III, 
the first run is at a comparatively high pressure, but the value of d(Ap) /dt rapidly decreases as 
the ethylene disappears, as may be seen from col. 4 in the table. The second run is at lower 
pressure, where d(Ap) /dt falls off from the start; the third, with heavy hydrogen, was therefore 
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made at the same pressure as the second, and comparison of the Ap values shows that again 
there is no separation. 


TABLE ITI. 


Hydrogenation of ethylene; palladium surface, temp. 20°. 
Pus 5°80 2-90 2-88 (47% D) 
Pots 1:97 0°97 1-03 


Powys: Ap. adAp |/dt. AP. AP. 
1°57 0°40 0°40 0°17 0°14 
1°21 0°76 0°36 0°33 _ 
0°85 1-12 0°32 0°39 0°29 
0°64 1°33 0°23 0°47 _ 
0°43 1°54 0°13 0°58 0°53 
0°25 1:72 0°07 0°70 —_ 
0°19 1-78 0°04 0°77 0°75 

0°81 0°80 





~ 


NOMA PPwWhe * 
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The mechanism usually postulated (cf., e.g., Taylor, Trans. Faraday Soc., 1926, 21, 560) 
for the hydrogenation of ethylene by atomic hydrogen is C,H, + H —~> C,H,, C,H, + H, —~> 
C,H, + H, which is a chain process. It is probable that the second step is the slower and 
requires considerable activation, and therefore the rate of hydrogenation ought to increase with 
temperature. Moreover, if deuterium or HD be substituted for hydrogen, a decrease in 
velocity should occur as in the photochemical synthesis of hydrogen chloride and hydrogen 
bromide. In one set of experiments at 339°, the initial rate was 0-13 mm./min., and at 20°, 
0-12 mm./min. at a pressure of 4-75 mm. of hydrogen and 1-55 mm. of ethylene. Experiments 
with a 66% deuterium mixture gave exactly the same speeds at both temperatures. Runs 
with excess ethylene were not made on account of complications due to polymerisation, The 
facts, viz., similar quantum yields at high and at low temperatures and no separation, not only 
agree but definitely exclude a chain mechanism. The second step in the reaction is probably 
between the ethyl radical and a hydrogen atom on the walls or in the gas phase, depending 
on the total pressure. 

Since the velocity of these hydrogenation reactions in the palladium tube falls off at about 
1 mm., and if it be assumed that the reactions are bimolecular, then the collision efficiency is 
of the order of 10-*, which corresponds to an energy of activation of only 4kg.-cals. If, however, 
a third molecule is necessary to effect stabilisation of the complex, every ternary collision 
would lead to the removal of the hydrogen atom. 

Having regard to the results of these and previous experiments, it would appear that leakage 
phenomena do not play any important part in determining the kinetic behaviour of light and 
of heavy hydrogen. The observation of this effect may be frustrated by the fact that in many 
reactions the potential barrier is so small that it can practically be neglected, and both hydrogen 
and deuterium atoms react with the same collision efficiency. In those examples, viz., the 
emission of particles from unstable atomic nuclei, where leakage has been employed to explain 
why the rate of emission is much larger than classical theory allows, the experimental methods 
are extremely sensitive and indeed detect the emergence of single particles from the barrier. 
In chemistry, however, the collision efficiencies must be considerable in order that the reaction 
velocity may be measured at all. It is therefore not necessarily true to say that leakage does 
not exist in chemical reactions; rather, in general, its detection is rendered exceedingly difficult 
by the operation of collision frequency and zero-point energy factors. 

It is fortunate that matters are so arranged, for it permits the application of deuterium to 
some problems in kinetics and, as has been shown, decides, without especial regard to the finer 
details of reaction mechanism, that, e.g., in the hydrogen—oxygen reaction, the rate-determining 
step involves a hydrogen molecule (or compound, HO,), whereas the hydrogen-nitrous oxide 
chains proceed through the intermediary of an atom. Its use in this respect may be compared 
with the intensity law in photochemical reactions which decides unequivocally the type of 
collision responsible for the termination of the chains. 


SUMMARY. 


The mercury-photosensitised reduction by hydrogen and by deuterium of oxygen, 
nitrous oxide, and ethylene has been studied at 20° and at higher temperatures. 
At 20° with excess hydrogen, both isotopes react at the same speed. With excess of 
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the gas undergoing reduction, e¢.g., oxygen, a difference in reaction speeds is obtained, and 
is shown to be due to a collision-frequency factor. 

At higher temperatures, 250—400°, where chains are propagated in the hydrogen— 
oxygen and -nitrous oxide reactions, separation occurs in the former but not in the latter 
reaction. The separation decreases with increasing temperature. In the ethylene reaction 
there is no separation and no chain propagation. 

The significance of these results is discussed, and it is concluded that with due allowance 
for collision-frequency factors, zero-point energy differences are adequate to explain 
the magnitude of the separation obtained. In no case could separation be reasonably 
attributed to the leakage of the atoms through potential barriers. 
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He also thanks the Royal Commissioners of the Exhibition of 1851 for a Senior Studentship and 
the Chemical Society for a grant. 
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269. Syntheses of Cyclic Compounds. Part XI. The Thermal Decom- 
position of trans-Hexahydrohydrindene- and of trans-Decahydronaph- 
thalene-2 : 2-diacetic Acids. 


By RICHARD J. TUDOR and ARTHUR I. VOGEL. 


THE Sachse—Mohr hypothesis of multiplanar strainless ring systems for carbon rings of 
six or more atoms appears to be now generally accepted, but there is considerable 
purely chemical evidence that the simple unsubstituted cyclohexane ring behaves 
differently from the strainless uniplanar cyclopentane ring and from the multiplanar and 
strainless cycloheptane ring. This is interpreted as arising from a rapid interconversion 
of the cis- and tvans-forms of the 6-ring, so that the effective configuration is an average of 
the intermediate forms involving strain (cf. Ingold and Thorpe, J., 1928, 1318). 

cycloHexane derivatives substituted in the o-positions, either by alkyl groups or by 
another cyclohexane ring (decalin), are now accepted as strain-free compounds. The 
fusion of a cyclohexane ring with a cyclopentane ring in the o-position leads, according to 
the Sachse—Mohr theory, to two forms of hexahydrohydrindene (for diagrams, see Hiickel 
and Friedrich, Annalen, 1927, 451, 134; Kandiah, J., 1931, 923). Here no oscillation is 
possible owing to the locking of the o-carbon atoms. Models show that with one multi- 
planar form of the 6-ring, the five carbon atoms of the 5-ring lie in one plane for the 
cis-compound, which is therefore strainless, whereas for the ¢vans-compound one of the 
carbon atoms of the 5-ring is not in the plane of the ring, thus conferring strain on the 
whole molecule. A possible but less probable alternative for the ¢rans-system is a planar 
5-ring and a planar (and therefore strained) 6-ring (see Hiickel, Fortschr. Chem., Physik, 
u. physikal. Chem., 1927, 19, Heft 4, p. 31). Both alternatives require that the ¢rans- 
hexahydrohydrindene system be strained. 

The object of this investigation was to procure experimental evidence for the presence 
of strain in the /vans-hexahydrohydrindene ring, or at least, evidence to show that this 
ring system behaved differently from the strainless ¢rans-decahydronaphthalene ring, 
which was chosen for reference and comparison. The reaction employed was the 
thermal decomposition of the 2 : 2-diacetic acids, which has been shown (Part X, J., 1933, 
1029) to proceed according to the mechanism 


>C = CH-CO,H + CH,CO,H —> >C = CH, + CO, 


CH,*CO,H 
(I.) Seg < (II.) 
CH,-CO,H ~~» >C<Ey?>Co 4+ CO, —> >C = CH-CO-CH, (11, 


and in which the yield of the methylene compound (II) is employed for reference purposes 
owing to its stability and small tendency to polymerisation. It would be expected that 
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any essential difference in the character of the two fused ring systems would be reflected 
in the difference in the angles between the two acetic acid residues directly attached to 
the rings, and hence in the yield of (II). The thermal decomposition of trans-decahydro- 
naphthalene- and -hexahydrohydrindene-2 : 2-diacetic acids afforded 48% and 35-5% of 
the corresponding methylene compounds (cf. 33% and 15% for the cyclohexane and 
cyclopentane acids, J., 1933, 1029), and it is concluded that there is some real difference in 
the two parent systems. Physicochemical experiments, including the determination of 
the dissociation constants, with the object of providing further tests of this view, are in 
progress, as it is considered that conclusions from pyrogenic reactions require confirmation 
by other means, less open to criticism. This conclusion, which is in accord with the 
Sachse—Mohr theory, differs from that of Thorpe (J., 1931, 1023; see also Rao, J., 1929, 
1960; 1930, 1171; Kandiah, J., 1931, 963), who regards both ring systems as strainless. 
A possible interpretation of this difference is that the methods employed by Rao and by 
Kandiah, involving a study of the stability of the corresponding spirocyclopropane 
derivatives and of the equilibrium in the presence of 64% potassium hydroxide between 
the keto- (open-chain) and cyclic acids (locc. cit.), are not sufficiently sensitive to detect the 
small differences present (cf. Desai, J., 1932, 1047; Ives, Linstead, and Riley, J., 1932, 
1093). 

It should be pointed out that the comparative method used by one of us, involving the 
reduction of the corresponding unsaturated cyano-ester with moist aluminium amalgam 
in ether and the isolation of the bimolecular compounds (Parts ITI, VI, and IX, J., 1928, 
2010; 1930, 768; 1931, 1795), had indicated a difference for ‘rans-decahydronaphthalene 
(6%) and ¢vans-hexahydrohydrindene (15%; Kandiah, J., 1931, 930), and this led to 
the present investigation; further, a// the results obtained by that comparative method 
are in accord with existing physical evidence, such as the so-called dissociation constants 
(cf. Ives, Riley, and Linstead, /oc. cit.). 

The thermal decomposition of ‘vans-cyclohexane-1 : 2-diacetic acid has been shown to 
proceed in accordance with the general scheme previously described (Part V, J., 1929, 721 ; 
Part VIII, J., 1931, 907) : 


the yield of ketone being 83% (contrast adipic acid, 80%). The facile formation of what 
is probably a somewhat strained ring system is remarkable. 


EXPERIMENTAL. 


In view of the high cost of the materials, details are given of improved methods of 
preparation. 

trans-B-Decalone (cf. Hiickel, Annalen, 1925, 444, 1; Vogel, J., 1928, 2026; Rao, J., 
1929, 1961; Thakur, J., 1932, 2128)—This was prepared in 97% yield by the oxidation of 
tvans-B-decalol in glacial acetic acid solution with chromic acid, and isolated by benzene 
extraction after dilution with water; b. p. 117°/16 mm. (semicarbazone, m. p. 192—193°). 

trans-cycloHexane-1 : 2-diacetic Acid (cf. Hiickel and Friedrich, Annalen, 1927, 451, 134; 
Kandiah, J., 1931, 924; Thakur, J., 1932, 2151).—100 C.c. of concentrated nitric acid were 
heated almost to the b. p. ina 11. Pyrex flask provided with a 12” air-condenser, 1” in diameter. 
50 G. of trans-B-decalol, m. p. 73°, were added in small quantities during one hour; the reaction, 
once started, was self-maintaining, and the gas was extinguished after the first few g. of decalol 
had been introduced. When the addition was complete, copious brown fumes still being 
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evolved, a further 50 c.c. of concentrated nitric acid were added, and the mixture was gently 
refluxed for 30 minutes, a water-condenser being attached to the top of the air-condenser. 
The product was cooled in ice for 2 hours, and the almost pure tvans-cyclohexane-1 : 2-diacetic 
acid, m. p. 161—162° (30-5 g.; 47%) filtered off, and washed with a little ice-cold water. 
The mother-liquor after standing for 1 hour deposited an acid, m. p. 137—138° (4-4 g.; 6-7%), 
which after recrystallisation from dilute acetone had m. p. 143° and was therefore probably 
1-carboxy-trans-cyclohexane-2-propionic acid (cf. Hiickel, Annalen, 1925, 444, 1, m. p. 143°); 
after standing for a further week, a third crop, m. p. 118—122° (6-5 g.), was obtained, probably 
1-carboxy-trans-cyclohexane-2-acetic acid (cf. Kandiah, J., 1931, 922). 

Another procedure was to keep the crude oxidation product over-night, and wash the 
separated solid with dilute alcohol (3 vols. of rectified spirit and 8 vols. of water); 30-5 g. 
(47%) of acid, m. p. 161—162°, were obtained. The mother-liquor, containing the washings, 
deposited a large crop, m. p. 120—135°, from which no 1 : 2-diacetic acid could be isolated. 
The pure acid, m. p. 167°, was obtained by recrystallisation from rectified spirit or from acetone- 
light petroleum (b. p. 60—80°) (1: 2 by vol.). 

Thermal Decomposition of trans-cycloHexane-1 : 2-diacetic Acid.—The apparatus used was 
that described by Vogel (J., 1929, 726; 1933, 1029), except that the copper turnings were 
omitted. In order to obtain reproducible results, it is essential in this and the following 
decompositions to adhere closely to the experimental conditions. 40G, of the acid were slowly 
distilled during 6 hours. After the first 2 hours, distillation commenced at 308—317°, the 
temperature rose gradually during the following 3 hours to 350°—most of the distillate passed 
over at 315—328°—and during the last hour, the thermometer was raised to the neck of the 
distilling flask and the bath heated very strongly, only a small quantity of liquid passing over. 
A tarry residue (2-0 g.) remained in the flask. The aqueous layer was separated, the ketonic 
layer washed with dilute ammonia and water (the washings being added to the aqueous layer), 
dried with calcium chloride and distilled; 22-9 g. (83%) of trans-hexahydro-$-hydrindone, 
b. p. 91—92°/13 mm., were obtained. A middle fraction had d? 0-9819, n}° 1-4762. The 
aqueous distillate and washings were heated on the steam-bath until neutral to litmus, and 
silver nitrate then precipitated 0-43 g. of silver trans-l-methyl-cyclohexane-2-acetate (Found : 
Ag, 41-1; C, 40-7; H, 5-7, C,H,,0,Ag requires Ag, 41-1; C, 41-1; H, 5-75%). 

Catalytic Decomposition of trans-cycloHexane-1 : 2-diacetic Acid—Expt.1. 60-0 G. of acid 
were mixed with 3 g. of finely powdered crystallised baryta and distilled during 3 hours. The 
temperature rose to 260° after 4 hour, and the distillation was practically completed during 
the following 14 hours at 260—290°; the bath was strongly heated during the last hour. The 
distillate was worked up as above; yield, 36-4 g. (88%) of ketone, b. p. 97-5°/15 mm. 

Expt. 2. 80-0 G. of acid and 2-0 g. of baryta were slowly distilled during 10 hours. Most 
of the ketone passed over at 275—290°, and the total weight of the distillate was 61-6 g. (99%), 
which yielded 52-2 g. (94-5%) of ketone, b. p. 95—95-5°/13 mm. 

Thermal Decomposition of trans-Decahydronaphthalene-2 : 2-diacetic Acid.—40-0 G. of acid, 
m. p. 175° (cf. Rao, J., 1929, 1954), were slowly distilled during 12 hours from a 500 c.c. Pyrex 
distilling flask (Vogel, Part V, J., 1929, 726; Part X, J., 1933, 1029). The acid was completely 
melted after 1 hour, distillation just commenced at 260° after 2 hours, and after 4} hours 
decomposition was appreciable and was largely completed during the following 5} hours at 
400—460°, the rate of distillation being 1—2 drops per minute. The bath was heated as 
strongly as possible during the last 2 hours, during which a further small quantity passed over. 
The experiment was repeated with a further 55 g. of acid, the distillates combined, the aqueous 
layer separated, the “ organic’’ layer washed with dilute ammonia until alkaline, and then 
with water (the washings being added to the aqueous layer), dried with calcium chloride, and 
distilled. The following fractions were collected : 

(1) B. p. 55—81-5°/13-5 mm., chiefly 76—81°/13-5 mm., 3-87 g., d" 0-8650, nf” 1-4749. 

(2) B. p. 86—89°/14 mm., chiefly 87—88°/14 mm., 23-3 g. A middle fraction, b. p. 
86—88°/14 mm., had d} 0-8892, nj 1-4855 (Thakur, J., 1932, 2134, gives for 2-methylene- 
trans-decalin b. p. 81—83°/9 mm., di* 0-8928, nj—* 1-4870). 

(3) B. p. 100—142°/10-5 mm., 5-6 g., d?” 0-9487, nf” 1-5279. 

(4) B. p. 142—152°/10-5 mm., 1-3 g., d?° 0-9650, nf” 1-5225 (Thakur, J., 1932, 2134, gives 
for trans-decahydronaphthylideneacetone, b. p. 149—150°/15 mm., d?* 0-9734, nj’ 1-5068) 
(Found : C, 81-8; H, 10-6. Calc. for CjsH,,0: C, 81-2; H, 10-5%). 

(5) B. p. 152—185°/9 mm., a pale yellow viscous liquid, 2-0 g., d}” 1-0068, nj 1-5362 
(Found : C, 83-2; H, 9-8. Calc. for 2C,sH,,O-H,O: C, 85-2; H, 10-5%). 

It is clear that fractions (1) and (2) consisted of almost pure methyiene-tvans-decalin, the 
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yield of which was therefore 27-17 g. (48-4%). The pure compound was prepared by distillation 
over sodium and had b. p. 82—82-5°/10 mm., d%” 0-8897, n}#° 1-4870. No semicarbazone could 
be prepared from fraction (1), thus proving the absence of acetone. 

Thermal Decomposition of trans-Hexahydrohydrindene-2 : 2-diacetic Acid.—40-0 G. of acid, 
m. p. 224° (cf. Kandiah, J., 1931, 922), were slowly distilled as described above during 11 hours. 
The compound was maintained just above the m. p. during the first 2—3 hours, and the temper- 
ature gradually raised. The thermometer was raised to the level of the side arm of the flask, 
and the distillate passed over at 290—350°. The distillate was worked up as for the decalin 
acid. The following fractions were collected : 

(1) B. p. 35—55°/11 mm., chiefly 50—54°/11 mm., 1-16 g., di° 0-8593, nf” 1-4690. 

(2) B. p. 55—67°/11 mm., chiefly 61—63°/11 mm., 6-91 g., d?° 0-8683, n3° 1-4728. A middle 
fraction, b. p. 59—60°/9-5 mm., had d?*° 0-8667, n?” 1-4726. 

(3) B. p. 70—118°/11 mm., chiefly 90—112°/11 mm., 2-42 g., di?” 0-9106, nj” 1-4954. 

(4) B. p. 115—168°/11 mm., chiefly 128—148°/11 mm., 1-55 g., d%” 0-9728, n®” 1-5306 
(Thakur, J., 1932, 2156, gives for trans-hexahydrohydrindylideneacetone, b. p. 134°/10 mm., 
d* 0-9738, nz’ 1-5047) (Found : C, 85-9; H, 9-9. Calc. for 2C,,H,,O—H,O : C, 85-1; H, 10-1%). 

Fractions (1) and (2) were clearly 2-methylene-trans-hexahydrohydrindene, the yield of which 
was therefore 8-07 g. (35-6%). The pure compound obtained after distillation over sodium 
had b. p. 59—60°/9-5 mm., d%” 0-8663, nf” 1-4720 (Found : C, 87-8; H, 12-1. C, H,, requires 
C, 88-1; H, 11:9%). Oxidation with 3% potassium permanganate in alkaline solution yielded 
tvans-hexahydro-$-hydrindone, identified as the semicarbazone. No semicarbazone could be 


prepared from fraction (1). 


The authors’ thanks are due to the Chemical Society and Imperial Chemical Industries 
for grants. 
WooLtwicH POLYTECHNIC, Lonpbon, S.E. 18. [Received, May 2nd, 1934.] 





270. Formation of an Intermediate Product in the Nitration and Simul- 


taneous Demethylation of 6: 7-Dimethoxy-1 : 2: 3 : 4-tetrahydronaph- 
thalene. 


By H. J. Lewis and RoBertT ROBINSON. 


THE nitration of 6: 7-dimethoxy-1 : 2:3: 4-tetrahydronaphthalene (I) was investigated 
because it was hoped, in connexion with synthetic work, to find a method for the fission 
of the aromatic ring in veratroles substituted in positions 4 and 5. 

The outcome was unexpected, and it was found that nitration was accompanied by 
demethylation and occurred with the formation of a colourless substance, C,,H,,0,N, 
containing but a single methoxyl group. This is not soluble in cold dilute aqueous alkaline 
solutions, but on heating with water, or better, alcohol, it is rapidly transformed into a 


NO, 


CH CH 
(I.) MOK *\CH, MeoZ Vv "\CH, (II.) 
MeO 
cn,/ 2 o4\4 \cu / 


yellow isomeride possessing all the properties of a nitrophenol. The nitrohydroxymethoxy- 
tetrahydronaphthalene (III or IV) furnishes a methyl ether which is undoubtedly 5-nitro- 
6 : 7-dimethoxy-1 : 2:3: 4-tetrahydronaphthalene (V). This does not absorb bromine 
in chloroform solution and hence is not a butenylnitroveratrole. The corresponding 
amine can be diazotised and then coupled to form an azo-compound. 


MeO CH, MeO 2 MeO, 
H 


HO . 


CH; (III.) 
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There seems little doubt but that the colourless product of the original nitration must 
have the constitution (II), and this accords with its relative instability. The alternative, 
with the group —-C(OMe)(NO,)-, is improbable in view of the strong tendency for 4-nitration 
of veratroles, and also because this type of reaction has not previously been observed in 
the veratrole series. A good illustration of the reactivity of position 4 is the displacement 
of bromine by nitroxyl in the nitration of bromohomoveratrole (Heap, Jones, and Robinson, 
J., 1927, 2021). As we are unable to distinguish at this stage between the constitutions 
(III or IV) for the nitrophenol, it is premature to discuss the mechanism of the migration 
of the nitro-group. 

The formation of (II) is of considerable interest, because it cannot be brought into line 
with any theory of the mechanism of aromatic substitution which postulates expulsion of a 
proton of the aromatic nucleus frior to the attack of the nuclear carbon by the reagent. 
Similar reactions in which one of the halogens or diazo-groups occupies a blocked hydro- 
aromatic position have long been known and their occurrence was cited by Lapworth and 
Robinson (Nature, 1932, 129, 278; 1380, 273) as affording strong evidence of the secondary 
nature of proton-removal in aromatic substitutions. The first phase is considered to be 
the donation of electrons by anionoid carbon of the nucleus to the kationoid reagent, and 
this is followed by detachment of a proton in the usual cases. 

In the present instance the expulsion of a methyl kation takes the place of that of a 
proton, and there can be no suggestion that this event precedes the formation of the 


C-NO, link. 
NO,—OH 
‘™~ (First Phase) 
me 9 o=C oe 


Anionoid agent b 
NO, —OH —+> kationoid agent (gecond Phase) 


Me—9=¢—C=¢C—-¢- 

Hence the suggestion of E. Hiickel (Z. Physik, 1931, 72, 310; also E. and W. Hiickel, 
Nature, 1932, 129, 937), representing an inversion of current views on electronic mechanisms, 
that the aromatic carbon atoms of /ow electron density are those at which substitutions 
of the ordinary type (nitration, sulphonation, etc.) are most prone to occur, is one that 


cannot be accepted. 

In view of the observation now recorded, it seems highly probable that the nitration 
of 1: 4-dimethylnaphthalene, leading to formation of a methylnaphthylnitromethane 
(Robinson and Thompson, J., 1932, 2015), proceeds according to the following mechanism : 


NO, CH, CH,NO, 


x 
ea © tlw 


H, f Hy 
CH, 


CH, 


EXPERIMENTAL. 


6 : 7-Dimethoxy-1 : 2 : 3 : 4-tetrahydronaphthalene (I).—This substance was prepared, but 
not characterised or analysed, by Haworth and Mavin (J., 1932, 1485). 6: 7-Dimethoxy-1- 
keto-1 : 2: 3; 4-tetrahydronaphthalene (16 g.), prepared by their method, was reduced by 
means of a large excess of amalgamated zinc and boiling hydrochloric acid during 48 hours; 
the acid was replenished at intervals of 6hours. The product was isolated in the known manner, 
b. p. 125°/1 mm. (yield, 10-5 g.), and crystallised in large prisms, m. p. 53—54° (Found : C, 74:8; 
H, 8-4. C,,H,,O, requires C, 75-0; H, 8-3%). 
9-Nitro-6-keto-7-methoxy-1 : 2:3: 4:6: 9-hexahydronaphthalene (II).—Dimethoxytetrahydro- 
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naphthalene (3 g.) was dissolved in acetic acid (25 c.c.), cooled to below 10°, and vigorously 
stirred. A mixture of nitric acid (2-5 c.c., d 1-42) and acetic acid (10 c.c.) was slowly added 
during 30 mins.; a portion of the product then crystallised. The mixture was added to crushed 
ice, and the cream-coloured solid collected, m. p. 92°, and m. p. 95° (decomp.) after crystallisation 
from ethyl acetate. The best method of purification was, however, addition of light petroleum 
to a solution in cold chloroform, and the substance then separated in six-sided, thin, elongated 
plates, m. p. 92—-93° (decomp.) (Found: C, 59-2, 59-3; H, 5-8, 6-0; N, 6-4, 6-4; MeO, 14-0, 
14:2, 14-8. C,,H,,0,N requires C, 59-2; H, 5-8; N, 6-3; 1lMeO, 13-9%). The observed 
m. p. depends on the rate of heating, and is doubtless a decomposition point; fusion was 
accompanied by rapid evolution of gas and discoloration. The solution in sulphuric acid is 
yellow, and becomes brown with a violet tinge on keeping. The substance is insoluble in cold 
aqueous alkalis, and on heating with aqueous sodium carbonate it partly dissolves to a dirty 
brown solution. The transformation into the nitro-phenol occurs on heating a solution in any 
neutral hydroxylic solvent. 

5 (or 8)-Nitro-6-hydroxy-7-methoxy-1 : 2:3: 4-tetrahydronaphthalene (III or IV).—The 
foregoing substance is heated with alcohol, and almost at once the solution becomes orange- 
brown. On addition of water, the nitrophenol separates in yellow plates, which recrystallise 
from aqueous alcohol in thin, elongated plates, m. p. 133° (Found: C, 59-2; H, 5-6; N, 6-7; 
MeO, 14-0, 14:2. C,,H,,;0,N requires C, 59-2; H, 5-8; N, 6-3; 1MeO, 13-9%). This substance 
has the properties of its type; it forms a sparingly soluble, brick-red sodium salt, and is not 
appreciably volatile in steam. The érystals do not melt under boiling water (indication of 
chelation), and methylation by means of methyl sulphate and aqueous sodium hydroxide is 
slow. On the addition of p-nitrobenzenediazonium acetate to a solution in methyl-alcoholic 
aqueous sodium carbonate, a reddish-violet brown coloration is obtained; deep yellow on 
acidification. This seems to indicate definite diazo-coupling potentiality. 

The evidence, so far as it goes, favours the m-nitrophenol configuration, but further work is 
required in order to establish the constitution of the substance. Its solution in sulphuric 
acid is orange-brown and becomes dark green on keeping. 

5-Nitro-6 : 7-dimethoxy-1 : 2: 3 : 4-tetrahydronaphthalene (V).—The foregoing nitrophenol 
was dissolved in hot aqueous sodium hydroxide and a little methyl alcohol, and vigorously 
shaken with excess of methyl sulphate. The reagents were added alternately until the 
disappearance of the orange-red colour indicated the completion of the reaction. On the 
addition of water the oil solidified; it crystallised from aqueous methyl alcohol and then from 
ethyl alcohol in very pale yellow needles, m. p. 88—89° (Found: C, 60-6; H, 6-4; N, 6-0; 
MeO, 25-7. C,,H,,0O,N requires C, 60-7; H, 6-3; N, 5-9; 2MeO, 26-1%). The solution in 
sulphuric acid is pale yellow, and becomes deep blackish-green on keeping. On reduction by 
means of zinc and hydrochloric acid, an amine is produced which may be diazotised and coupled 
with $-naphthol to a bluish-red azo-derivative. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, June 21st, 1934.] 





271. Reactions of o-Hydroxybenzylidenediacetophenones. Part I. 
Reaction with Acids. 


By Dovuctas W. HI. 


THE reactions of o-hydroxybenzylidenediacetophenones have received but little attention. 
The parent substance (I) was first obtained by Cornelson and Kostanecki (Ber., 1896, 289, 
240) from the interaction of 2 mols. of acetophenone and 1 mol. of salicylaldehyde in the 
presence of strong alkali. Feuerstein and Kostanecki (Ber., 1898, 31, 710) found that it 
was converted on heating with dilute hydrochloric acid into acetophenone, dihydrochalk- 
one,* and a yellow compound, m. p. 131°, which they formulated as 4-phenacylideneflavene 
(III). Since this was obtained in a yield of 50%, they postulated the occurrence of two 
simultaneous reactions from 2 mols. of (I): (i) hydrolysis to the acetophenone and chalkone, 
and (ii) ring closure to 4-phenacylflavene (II), which was then dehydrogenated by the 


* The identity of this compound has been definitely established in this laboratory by Dr. A. S. Gomm, 
who compared a specimen obtained by the above method with an authentic specimen prepared by the 
reduction of chalkone. 
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chalkone to (III), the chalkone being reduced to dihydrochalkone. As benzylidenedi- 
acetophenones without an o-hydroxy-group have been prepared by condensation in the 


OH O 
‘4 can tne a 
" \ cy_-CHs'COPh —w \cHAH OO 


CH<CH;-COPh CH,-COPh 


presence of hydrochloric acid, however (see, ¢.g., Blumstein and Kostanecki, Ber., 1900, 33, 
1481; Rupe and Veit, Chem. Zenir., 1906, I, 1417), the réle ascribed to the acid in this 
hypothesis appears improbable. 

The same phenacylideneflavene was obtained by Dilthey and Floret (Annalen, 1924, 
440, 89) from o-methoxybenzylidenediacetophenone (IV) by oxidation to the triphenyl- 
pyrylium salt (V), demethylation of this, and treatment of the product with pyridine, 
the reaction being assumed to proceed according to the scheme 


OCH, OCH, ou 


CX vs —s | ete {EEE.) 
CH,-COPh H:CPh H:CPh-OH 
av) SCHsCOPh Hn C<EHcpL> 0} FeCl, NC<GEECOPh 


This is an unusual reaction, as was pointed out by Irvine and Robinson (J., 1927, 2086), 
who found that 2-hydroxy-5-methoxybenzylidenediacetophenone behaved like the parent 
substance when treated with dilute hydrochloric acid, yielding acetophenone, phenyl 
8-(2-hydroxy-5-methoxyphenyl)ethyl ketone, and 6-methoxy-4-phenacylideneflavene in 
the required quantities. 

It is not necessary to use hydrochloric acid for the conversion. It occurs equally well, 
though more slowly, in glacial acetic acid, and this reagent has the advantage that under 
suitably mild conditions—standing in the cold or very short heating—the intermediate 
colourless 4-phenacylflavene can be isolated. From o-hydroxybenzylidenediacetophenone 
itself, this compound was isolated in nearly quantitative yield, but in other cases it could 
only be recovered in much smaller amount, the reaction product consisting mainly of the 
corresponding phenacylidene-derivative. 2-H ydroxy-4-methoxybenzylidenediacetophenone 
yielded only 14%, of pure 7-methoxy-4-phenacylflavene, but 2-hydroxy-5-methoxybenzyl- 
idenediacetophenone gave 55% of pure 6-methoxy-4-phenacylflavene. All the phenacyl- 
flavenes on further treatment with either hydrochloric or glacial acetic acid were converted 
into the yellow phenacylideneflavenes, the corresponding substituted hydrochalkones, and 
acetophenone. 

The fact that yields of over 50% of intermediate compound have been obtained indicates 
that the first stage of the reaction is the conversion of the whole of the starting material 
into phenacylflavene, as opposed to the 50% conversion postulated by Feuerstein and 
Kostanecki. The compounds usually isolated are therefore all derived from these 
4-phenacylflavenes, although, as might be expected, it has not been found possible to 
isolate more than a 50%, yield of phenacylideneflavene. The course of the reaction may 
therefore be represented by the scheme above. 

The formation of the phenacylflavenes closely resembles the dehydrating action of 
glacial acetic acid in the conversion of certain chromanols into chromenes (Léwenbein, 
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Ber., 1924, 57, 1517; Heilbron and Hill, J., 1927, 2005); this similarity suggests that 
ring closure may have occurred during the condensation, and that the o-hydroxy-derivatives 
of benzylidenediacetophenone may perhaps be better formulated as 
chromanols of type (VI). The fact that the corresponding chalk- DP. Ph-OH 
ones are soluble in alkali, whilst these compounds are quite ¢ 
insoluble, lends support to this view, which would also account for \CH/CH 
the difference in hydrolytic action of acids on o-hydroxy- and on CH,°COPh 
unsubstituted benzylidenediacetophenones. Further work is in (VI.) 
progress in this connexion. 

EXPERIMENTAL. 


4-Phenacylflavene.—A solution of o-hydroxybenzylidenediacetophenone (5 g.) in glacial 
acetic acid (16 c.c.) was kept at room temperature for 24 hours. A small quantity of white 
solid (A) which separated was filtered off, whereupon the filtrate deposited a mass of almost 
colourless needles; these were recrystallised from light petroleum (b. p. 60—80°). The solid 
(A) was redissolved in glacial acetic acid (8 c.c.), and on standing deposited a pale yellow solid, 
which was also crystallised from light petroleum. The acetic acid mother-liquors were poured 
into water, and the solid product dried and extracted with light petroleum (the insoluble residue 
was crystallised from alcohol and proved to be unchanged starting material; 1-3 g.). All the 
samples from light petroleum were combined and recrystallised from the same solvent. Thus 
were obtained 2-5 g. of glistening colourless, silky needles, m. p. 96° [Found (micro) : C, 84-37; 
H, 5-74. C,,H,,0, requires C, 84-66; H, 5-52%]. 

In another experiment, the above diacetophenone (5 g.) was heated for 10 minutes with 
glacial acetic acid (20c.c.). The pale yellow solution on cooling deposited faintly yellow needles. 
Both these and the filtrate were worked up as before, and 4 g. of an identical substance, m. p. 
96°, were obtained. 

4-Phenacylfiavene is insoluble in alkali and soluble in most organic solvents; it is unchanged 
by heating with water, but is converted into the phenacylidene-derivative by hot acids. 

4-Phenacylideneflavene—A solution of o-hydroxybenzylidenediacetophenone (5 g.) in 
glacial acetic acid (30 c.c.) was boiled for one hour. The solution, which had darkened con- 
siderably, was poured into water, and the oil solidified after several days. The solid crystallised 
from alcohol as yellow needles (2-3 g.), m. p. 128° (Feuerstein and Kostanecki give 128°) [Found 
(micro) : C, 85-05; H, 5-30. Calc. for C,,H,,O,: C, 85-20; H, 5-00%]. The same compound 
was obtained by boiling 1 g. of 4-phenacylflavene in glacial acetic acid (10 c.c.) for 45 mins. 

From three experiments, using 5, 5, and 20 g. of o-hydroxybenzylidenediacetophenone and 
10 mins.’ refluxing with 10 times the weight of 10% hydrochloric acid, the yields of phenacylidene- 
flavene were 2-15, 2-20, and 9-20 g. respectively. Acetophenone was removed from the reaction 
mixture by steam distillation, the residue in the flask was basified with sodium hydroxide to 
dissolve hydrochalkone, and the remaining yellow solid was crystallised from alcohol. In no 
instance was the yield of this compound more than 50% of that theoretically possible. 

* 2-Hydroxy-4-methoxybenzylidenediacetophenone.—A solution of 2-hydroxy-4-methoxybenz- 
aldehyde (15 g.) and acetophenone (24-5 g.) in alcohol (110 c.c.) was treated with a hot 
solution of sodium hydroxide (30 g. in 30 c.c. of water). The resulting deep red solution was 
kept over-night, poured into water (5000 c.c.), and the mixture occasionally stirred until the 
sparingly soluble sodium salt of the 4-methoxychalkone, formed as a by-product, had all 
dissolved. The insoluble solid was crystallised twice from alcohol, separating as silvery plates, 
m. p. 181° (13-5 g.) [Found (micro): C, 76-93; H, 5-85. C,,H,.O, requires C, 77-00; H, 
5-88%]. 

7-Methoxy-4-phenacylflavene.—A suspension of the above diacetophenone (5 g.) in glacial 
acetic acid (20 c.c.) was gently heated until complete solution occurred (7 mins.). On cooling, 
the yellow solution deposited 1 g. of unchanged starting material. The residual acetic acid 
solution was poured into water and steam-distilled, the material remaining in the flask was 
basified with caustic potash, and the insoluble solid crystallised from alcohol. The yellow 
solid so obtained was dissolved in a large volume of light petroleum (b. p. 60—80°), from which 
yellow needles (1 g.), m. p. 153°, separated (phenacylidene-derivative, see below). On evapora- 
tion, the solution deposited a mixture of white and yellow crystals which were separated by 
fractional crystallisation from the same solvent. By this means pure 7-methoxy-4-phenacyl- 
flavene was obtained as hard clumps of colourless needles (0-5 g.), m. p. 85—86° [Found (micro) : 
C, 80-72; H, 5-59. C,,H,,O, requires C, 80-67; H, 5-60%]. 
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7-Methoxy-4-phenacylideneflavene.—2-Hydroxy-4-methoxybenzylidenediacetophenone (10 g.) 
was boiled under reflux for 45 mins. with glacial acetic acid (60 c.c.). The solution was poured 
into water and steam-distilled, and the residue in the flask basified with caustic soda. The 
insoluble solid was crystallised several times from alcohol, and obtained as yellow needles (4-3 g.), 
m. p. 153° [Found (micro): C, 81-28; H, 5-10. C,,H,,0, requires C, 81:36; H, 5-09%]. The 
same compound (1-9 g.) was obtained from diacetophenone (5 g.) and 10% hydrochloric acid 
(100 c.c.) by a similar process. 

The alkaline solution was acidified, and extracted with ether. The extract yielded pheny] 
8-(2-hydroxy-4-methoxyphenyl)ethyl ketone as a brown oil which could not be crystallised ; 
but its semicarbazone was obtained as small colourless needles (from methyl alcohol), m. p. 
177—178° [Found (micro) : N, 12-93. C,,;H,,O,N, requires N, 13-40%]. 

6-Methoxy-4-phenacylflavene,—2-Hydroxy-5-methoxybenzylidenediacetophenone was pre- 
pared according to Irvine and Robinson (loc. cit.), except that 1-75 mols. of acetophenone 
were used in order to improve the yield (further increase leads to an oily product). This com- 
pound (3 g.) was dissolved with slight warming in glacial acetic acid (20 c.c.) and kept at room 
temperature for 2 days. No solid separated, so the solution was poured into water, and the 
precipitated solid collected, and crystallised from light petroleum (b. p. 60—80°), 0-4 g. of 
unchanged starting material remaining undissolved. The phenacylflavene separated after two 
crystallisations from light petroleum as colourless needles (1-5 g.), m. p. 118—119° [Found 
(micro): C, 80-85; H, 5-76. C,,H.,O, requires C, 80-67; H, 5-60%]. When treated with 
boiling glacial acetic acid, it was converted into the phenacylideneflavene, which was also 
obtained (1-8 g.) by refluxing the diacetophenone (4 g.) with glacial acetic acid; it had m. p. 
146—147°, and agreed with the product described by Irvine and Robinson (loc. cit.). 


The author’s thanks are due to Dr. M. Nierenstein, in whose laboratory this work was carried 
out, and to the Colston Research Society of the University of Bristol for a grant which has 
defrayed the expenses. 
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272. The Nitration of Phenyl Derivatives of Mercury, Thallium, Lead, 
Bismuth, Tin, and Iodine. 


By FREDERICK CHALLENGER and EUGENE ROTHSTEIN. 


TuE diminution in the percentage of m-substitution observed in the nitration of quaternary 
benzyltrimethyl and, to a lesser extent, of phenyltrimethyl derivatives of nitrogen, 
phosphorus, arsenic, and antimony has been discussed by various investigators (for refer- 
ences, see Challenger and Peters, J., 1929, 2610). A comparison of the (greater) 
m-nitration produced in benzyltrimethylammonium than in benzyldiethylsulphonium 
picrate has been made by Pollard and Robinson (J., 1930, 1765; 1927, 2772). Baker and 
Moffitt (J., 1930, 1722) nitrated phenyl- and benzyl-dimethyl-sulphonium and -selenonium 
salts and found diminished m-nitration in the case of the benzylselenonium as compared 
with the benzylsulphonium ion. 

In contradistinction to the work outlined above, no study of the nitration of analogous 
compounds of metals having consecutive atomic numbers has been made. As regards 
non-metals, the work of Ingold and Ingold (J., 1926, 1310) and of Holmes and Ingold 
(‘bid., p. 1328) on the nitration of o-methoxyacetanilide, o-methoxymethylacetanilide, 
and o-fluoroanisole showed that for of-substitution the order N>O>F holds good. Le 
Févre (J., 1929, 2771; 1930, 2236; 1932, 1988) found that both 2-phenylbenzopyrylium 
and 1-methyl-2-phenylquinolinium salts are nitrated exclusively in the m-position, so that 
discrimination between the directive effect of oxygen and nitrogen in compounds of this 
type was impossible. 

The present communication describes the nitration of the phenyl derivatives of several 
elements occupying consecutive or adjacent positions in the periodic table, as indicated 


on the next page : 
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No. of Ph groups 
Compound nitrated. % m-Nitration. Kationic charge 
. Phenylmercury nitrate 50 
. Diphenylthallium oxide 74 
. Diphenylthallium nitrate 75 
. Phenylthallium hydroxynitrate 86 
5. Diphenyl-lead dinitrate 94 
3. Triphenylbismuthine dinitrate .... 86 
7. Diphenyltin oxide 79 
*8. Diphenyliodonium nitrate 82°5 
* These compounds have also been nitrated by Vorlander (Ber., 1925, 58, 1900), and (6) by one 
of us and Wilkinson (J., 1924, 125, 857). Although the former observed m-nitration only, small quantities 
of isomerides may well have been present since his nitration products were often recrystallised or other- 


wise purified. 





The results with (3) and (4) show that the effect of variation in the tabulated ratio in 
the compounds nitrated needs to be considered. Compounds such as BiPh,NO, and 
BiPh,Me(NO ),, which would therefore appear to be more suitable than (6) for purposes 
of comparison (the ratios being 2 and 1), are unknown: the first, being a derivative of 
tervalent bismuth, would be unstable to acid. The mixed thallium compound TIPhMeNO, 
(ratio 1) is also unknown (cf. Challenger and Richards, this vol., p. 409). 

The nitration of (2) and (3) shows that it is immaterial whether an oxide or the 
corresponding nitrate is employed, provided excess of acid is present. 

In all cases except (8) the whole of the nitrated product (without recrystallisation or 
any treatment likely to lead to loss or separation of any ingredient) was treated with 
bromine. This eliminated the metal, giving a mixture of bromonitrobenzenes in which 
the relative proportions of isomerides were in most cases determined by two independent 
methods, (a2) that of Dimroth (Ammnalen, 1925, 446, 148) and (b) by thermal analysis, 
the results showing satisfactory agreement. 

It is surprising, in view of the work of Ingold, Shaw, and Wilson (J., 1928, 1280) and 
of Baker and Moffitt (/oc. cit.), that the value for tin should be less than for lead; the 
reverse relation might have been expected. The compounds nitrated by us are, however, 
of a different type from those employed by these authors. Preferential decomposition of 
op-derivatives during nitration of diphenyl-lead dinitrate would appear to be excluded by 
the high yield (93-5—95-5%) of bromonitrobenzenes obtained. The corresponding yield 
in the case of diphenyltin oxide is 82—84%. The decomposition of small quantities of 
one or other isomeride is therefore not impossible in this case. 

It will be noticed that with diphenylthallium oxide occasional low yields of nitrated 
product (Expts. 10, 114, 11B) were obtained, but no regularity in the effect on the pro- 
portions of the isomerides is detectable. 

Diphenyliodonium nitrate was first nitrated by Vorlander (loc. cit.), who, by repeated 
crystallisation of the product, isolated pure di-m-nitrophenyliodonium nitrate. This 
gave m-iodonitrobenzene and m-nitrophenol (free from o-derivative) with sodium 
hydroxide. Any #- or o-compound produced may thus have been separated. We have 
repeated this work under similar conditions. The nitration product, which was stable to 
bromine, was decomposed by sodium hydroxide, and the composition of the resulting 
iodonitrobenzenes determined by thermal analysis. The nitrophenols simultaneously 
produced were not examined. A method whereby both the nitrated phenyl groups were 
obtained as halogenonitrobenzenes would have been preferable. The results show m- 
nitration 82-5%, and ~- 17-5%. The possibility that both in our experiments and in 
Vorlander’s some o-nitro-derivative may have resinified during the decomposition with 
alkali should be borne in mind. 

The theoretical discussion of these results is reserved for a later communication, in 
which it is hoped to deal similarly with the consecutive elements germanium, arsenic, 
selenium, and tin, antimony, tellurium, iodine. It may be noted, however, that the increase 
in m-nitration in passing from the left to the centre of the periodic table, with a maximum 
at lead, is probably due to alteration in the nature of the central atom. We believe that 
this conclusion is not invalidated by the circumstance that it was obviously impossible to 
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keep the ratio (no. of Ph groups) /(kationic charge) constant. In the case of the thallium 
compounds, in spite of the increase in m-nitration on passing from (3) to (4), the amount in 
the latter case is still appreciably less than that with lead. 


EXPERIMENTAL. 


(1) Phenylmercury Nitrate —This was obtained in 80% yield by addition of hot aqueous 
mercuric nitrate (1 mol.) slightly acidified with nitric acid to diphenylmercury (1 mol.) in 
hot 95% alcohol. On recrystallisation from alcohol, the precipitated solid had m. p. 
186-5°. 

The nitrate (10 g.) was slowly added during 1 hour to well-stirred nitric acid 
(d 1-52; 45c.c.) at — 19-5°. The solution darkened, giving a slight odour of nitrobenzene, and 
was finally poured on ice, neutralised with 10% sodium hydroxide, and stirred with bromine 
(2 c.c.) till elimination of mercury was complete (Process 1). 

The bromonitrobenzenes were extracted with ether, washed with sodium hydroxide, and 
distilled. The percentage of o- and p-derivatives in this and the following experiments was 
determined volumetrically as hydrobromic acid after heating with hydrazine hydrate in a 
sealed tube at 100°, the value for the m-compound being obtained by difference. The toluene- 
bath employed by Dimroth (loc. cit.) is unnecessary. As a check on this method, the content 
of o-, m-, and p-bromonitrobenzenes in the mixture was determined by thermal analysis : 





Thermal analysis. 
Yield of bromo- ¢ > . 
Expt. nitrobenzenes, %. Meta, %. Meta, %. Ortho, %. Para, %. 
1 85°7 57°6 
3 85:7 54°4 
3a 84°8 48°7 50°5 31-9 17°6 
3b 85°7 51°9 49-2 28°8 22-0 


Mean 53°1 49°8 


The yield of bromonitrobenzenes in this and the following experiments is calculated as a 
percentage of that theoretically obtainable from the pheny] derivative used. 

(2) Diphenylthallium Oxide.—This was prepared by a slight modification of the method of 
Goddard and Goddard (J., 1922, 121, 486), less alkali hydroxide and a shorter time of heating 
being used. Diphenylthallium bromide (20 g., 2 mols.), potassium hydroxide (8 g., 3 mols.) 
in alcohol (150 c.c.), and water (150 c.c.) were heated for 2} hours and poured into water 
(80c.c.). The product (6-2 g., 96%) was completely soluble in hot glacial acetic acid. 

The oxide (10 g.) was slowly added to a well-stirred mixture of nitric acid (d 1-52; 16 c.c.) 
and sulphuric acid (12 c.c.) kept at — 15° to — 10°. The following method (Process 2) was 
adopted in all subsequent experiments except Nos. 27—30. The mixture was poured on ice, 
the solid (A,) separated, and the filtrate neutralised with gaseous ammonia. Evaporation to 
dryness and extraction with water left a solid (B,). In the following descriptions, A indicates 
the solid directly precipitated, and B that obtained from the filtrate. 

The combined products A, + B, were decomposed with hot bromine-water in an open 
vessel, and in Expts. 7—11 under reflux. On distillation of the bromonitrobenzenes in a 
vacuum, a higher-boiling fraction was obtained in several cases, which on crystallisation from 
alcohol had m. p. 77° alone and in admixture with authentic 3 : 5-dinitrobromobenzene (Found : 
C, 29-2; H, 1-4; N, 11-3; Br, 31-5. Calc.: C, 29:1; H, 1-2; N, 11-3; Br, 32-4%). This 
indicates the occurrence of dinitration in at least one of the phenyl nuclei. Attempts at 
nitration under other conditions were unsuccessful. In absence of sulphuric acid, and with 
anhydrous nitric‘acid at — 18° to — 19°, nitration was incomplete and nitrobenzene was also 
produced. Hardly any nitration occurred in acetic anhydride at — 18° or at 25°. 

Where dinitration occurred, the bromonitrobenzene fraction was analysed completely and 
shown to be pure, before the percentage of m-isomeride was determined. 

(3) Diphenylthallium Nitrate (cf. Goddard and Goddard, ibid., p. 487).—This was precipitated 
in 86% yield when nitric acid (d 1-53; 4g.) in glacial acetic acid (10 c.c.) was added to the 
oxide (19 g.) in the same solvent (190c.c.). The nitration (Expts. 1lc and 11D) was carried out 
as for the oxide. The bromination product yielded 1—2% of a fraction of high b. p. which was 
not identified. 
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Yield of Thermal analysis. 
bromonitro- Meta, cr A " 
benzenes,%. %. i ee ae ». Mike. Fast m. 0. p. 

75 75°1 

76 73°5 

76 72-0 35°6 2-1 , 40°6 

80 73°9 

78 67°4 

78 73°4 

53 82-2 

79 

65 —- . r 66-0 

58 ~~ ‘ , 72-2 

82°6 — 74°8 

85-0 — 76:0 
Mean 73°7 72°3 

* Calc.: C, 35°6; H, 19; N, 6-9; Br, 39°6%. 


(4) Phenylthallium Hydroxynitrate.—This was obtained by addition of a slight excess of 
silver nitrate to the dichloride in hot aqueous solution. The clear filtrate was evaporated at 
100° until crystals separated. On cooling, colourless needles, decomposing violently at 268°, 
were obtained (Found: C, 20-8; H, 1-4; N, 3-6; NO,, 17-4. C,H,O,NTI requires C, 20-0; 
H, 1-7; N, 3-9; NO ;, 17-2%). The nitration (Expts. 1lz and 11F) was carried out as in the 
case of (2) and (3). 





Thermal analysis, %. 





Yield of c . 

Expt. bromonitrobenzenes%. m. 0. p. 

lle 78 86°7 12°3 1-0 

llr 87-7 85°8 11°9 2°3 
Mean 86°25 


(5) Diphenyl-lead Dinitrate-—The dihydrate of this was prepared by the method of Polis 
(Ber., 1887, 20, 720), and analysed according to Gilman and Robinson (J. Amer. Chem. Soc., 1928, 
50, 1715) (Found: Pb, 40-0. Calc.: Pb, 39-8%). 

The dinitrate (10 g.) was slowly added to a well-stirred mixture of nitric acid (d 1-52; 15c.c.) 
and sulphuric acid (12 c.c.) at — 15° to — 10° (Vorlander used acid of d 1-51 in a sealed tube at 
100°). The mixture was stirred for several hours and left over-night at room temperature. 
The product was worked up as before, fractions A, and B, being united [Found: Pb, 32-9. 
(C,H,-NO,),Pb(NO,),,2H,O requires Pb, 33-9%]. It was converted into the bromonitro- 
benzenes by heating with bromine (6 c.c.) in water (15 c.c.). 

: Thermal analysis, %. 
Yield of A . 
Expt. bromonitrobenzenes, %. Meta, %. _ 0. p- 
12 95°5 95°5 
13 93°6 93-1 ‘ 3°4 — 
14 93°6 92-4 
- Mean 93°7 


(6) Triphenylbismuthine Dinitrate.—The dinitrate was prepared by the method of Michaelis 
and Marquardt (Amnalen, 1889, 251, 330) and recrystallised from acetone (Found: Bi, 36-8. 
Calc.: 37-0%). 10 G. were mixed with nitric acid (d 1-52; 100 c.c.) cooled to 0°, left for 
22 hours, and the clear solution poured on ice. The product (A,;+B,;; 11-55 g.) 
appeared to contain some unchanged dinitrate [Found: C, 31-7; H, 1-9; N, 7-9; Bi, 30-5. 
(NO,°C,H,),Bi(NO,), requires C, 30-9; H, 1-7; N, 10-0; Bi, 29-9%]. 10 G. were heated 
with bromine (5 c.c.) in water (50 c.c.) under reflux for 2 hours. 





Thermal analysis, %. 
Yield of - A 
Expt. bromonitrobenzenes, %. Meta, %. m 0. 
23 84°6 
24 84-7 84°3 
25 P 88°5 87°2 
26 P 86°3 85°9 
Mean 86:0 85°8 


(7) Diphenyltin Oxide.—Tetraphenyltin and stannic chloride (1: 1 mol.) (Goddard, Ashley, 
and Evans, J., 1922, 121, 978) were boiled with xylene for 3 hours, the solvent removed in a 





15°7 
11°6 
9°7 
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vacuum, and the residue dissolved in light petroleum. Concentration in a vacuum and cooling 
in ice and salt gave a solid, m. p. 35—40°. Diphenyltin dichloride melts at 42° (Aronheim, 
Annalen, 1878, 194, 152). The oxide was obtained in nearly theoretical yield by addition of 
the dichloride in alcohol to ice-cold 15% potassium hydroxide (2 mols.) (idem, ibid., p. 157) 
(Found: Sn, 41-0. Calc.: Sn, 41-1%). 

The oxide (10 g.) was slowly added to nitric acid (d 1-52; 25 c.c.) at — 15°, giving a dark 
mixture and an odour of nitrobenzene. The product (A, + B,) was heated under reflux with 
bromine (5 c.c.) in water (30 c.c.) for 48 hours. The nitration mixture in Expt. 18 included 
sulphuric acid (20 c.c.); this addition had no effect upon the course of the nitration. 

Thermal analysis, %. 
Yield of - A 
Expt. bromonitrobenzenes, %. Meta, %. m. 0. 
15 82 80°8 
16 84 75°3 79°7 13-2 
17 82 78°9 78°8 15°5 
18 82 80°5 79°8 11-1 
Mean 78°9 79°4 

(8) Diphenyliodonium Nitrate—10 G. were added to a mixture of nitric acid (d 1-52; 30c.c.) 
and sulphuric acid (25 c.c.) at room temperature. [Vorlander (loc. cit., 1899) used 10 g., 30c.c., 
and 22 c.c. respectively at 15—-20°.] The product was poured on ice, and the separated solid 
united with that obtained on addition of potassium bromide to the filtrate, and distilled in 
steam with 10% sodium hydroxide (50c.c.). The iodonitrobenzenes were extracted with ether, 
washed with alkali, and fractionated from nitrobenzene derived from un-nitrated material. 
The yields were calculated from the equation (NO,°C,H,),I-NO, + 2KOH = NO,°C,H,I + 
NO,’C,H,OK + KNO, + H,O. In Expt. 30 the nitro-product was decomposed with 10% 
sodium hydroxide under reflux at 100°, cooled, and extracted with ether. The mixed iodo- 
nitrobenzenes, recrystallised from alcohol and then from glacial acetic acid, gave the pure 
p-compound, m. p. 173°. Evaporation of the alcohol and recrystallisation from the diluted 
solvent yielded pure m-iodonitrobenzene, m. p. 35-3°. 

The mixture of isomerides could not be analysed by Dimroth’s method as inconsistent results 
were obtained. Thermal analysis was therefore employed. 





P 29 30 
Yield of iodonitrobenzenes, % 62 70 
M. p 89° 77° 
Meta, % ‘ . 81-0 86:0; mean 82°5 
The absence of the o-compound in Expts. 27 and 28, and therefore presumably in Nos. 
29 and 30, was shown by separating about 10% of the p-isomeride by repeated crystallisation 
from alcohol. The mother-liquor was evaporated, the residue distilled in a vacuum, a known 
amount of o-iodonitrobenzene added, and the m. p. again determined. 
Determination of o-, m-, and p-Isomerides in Iodonitrobenzenes.—There appear to be no 
published data on the m. p.’s of such mixtures, and the following determinations were made : 


o- and m-Mixtures. p- and m-Mixtures. 
a, %. Mp. a% Mim = % Mp m, Yo. 

41-2  27:3° 66-0 —-17:2° 0 173-0° 92-0 

471 9 245 72-9 218 26-2 158-0 94-9 

48-9 24-0 772 = 23-3 46-2 1395 96-4 

529-183 80°0 25-0 63°6 = -122°5 97°3 

576 150 886 —- 29-0 693 110-0 100-0 

642 16-2 92°38 32-0 84-9 83°5 

1000 35°3 

Determination of o-,m-, and p-Isomerides in Bromonitrobenzenes.—The m. p.’s of mixtures 
of bromonitrobenzenes as recorded by Jiirgens (Rec. trav. chim., 1926, 45, 61) were not suitable 
for our determinations, as his samples of the isomerides had somewhat lower m. p.’s than ours. 
They were therefore re-determined. 


m, %- 
0 
15°6 
25°3 
30°9 
37:2 
38°0 


° 


mtd hm GD 


ree geome or 
S=-pawS: 


o- and m-Mizxtures. 

m,%. M.p. m,%. Mz. p. m,%. M.p. m, %. M.p. %. M.p. 
40°90° 17°5 32-20° 32°6 23-60° 718 40°43° M 47°58° 
36°80 23°3 29°54 36°8 21-60 73°9 42°18 ‘ 50°18 
34°76 24°3 29°96 42°4 22-80 78°7 44°58 50°59 
33°59 31°4 25°42 54°3 31-00 80-0 45°01 y 51°79 
32°98 31°6 25-20 56°6 32°50 84°5 46°40 . 53°80 
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m- and p-Mixtures. 

b, %- M.p. p,%-. M.p. P. %- Mz. ?p. p, %- M.p. ?.%-. M.p. 
0 53°8° 7°76 50°40° 25°77 59°0° 36°30 76°2° 75°70 109°0° 
5°17 51-0 16°58 46°60 35°90 773 61:50 1001 82°50 114-4 

100-0 125°1 


The authors thank the Chemical Society for a grant, and.Miss B. Parker, M.Sc., for assistance 
in the early stages of the work. 


THE UNIVERSITY, LEEDs. [Received, May 28th, 1934.]} 





273. Experiments on the Synthesis of isoQuinoline Derivatives. Part 
III. A Synthesis of Corydaldine. 


By Lait M. MonunTA and JNANENDRA N. RAy. 


CORYDALDINE has been prepared in a very poor yield by oxidation of corydaline (cf. 
Dobbie and Lauder, J., 1899, 75, 670), but its constitution had not been confirmed by 
synthesis. Such a synthesis is now described. The azide (I), obtained from the hydrazide 
of 8-3 : 4-dimethoxyphenylpropionic acid, on being boiled in toluene solution gave a good 
yield of the isocyanate (II), which was cyclised to corydaldine (III) by phosphoryl chloride. 
The yield at this stage was not satisfactory; therefore carbamides (IV) were prepared by 


meo/ \/CHa\cu, Meo’ \CH2\cH, Meo’ \°H2\cH, 
me CO-N, MeO NCO Me co /NH 
(I.) (II.) (III.) 


(IV.) C,H,(OMe),-CH,-CH,-NH-CO-NHR CoHs(OMe) eC R) NH (v.) 


CoHy(OMe) a CRERIDN (VL) 


treating the isocyanate (II) with various aromatic amines in the hope that, after a Bischler— 
Napieralsky condensation to (V), it would be possible to prepare (III) by hydrolysis. 
This expectation was not realised, for the resultant l-arylimino-6 : 7-dimethoxy-1 : 2:3: 4- 
tetrahydroisoguinolines were quite stable, indicating that they can exist as the l-arylamino- 
3: 4-dihydro-tautomerides (VI). Evidence has been obtained that they show virtual 
tautomerism characteristic of the amidines. 


The hydrazide of 8-3 : 4-dimethoxyphenylpropionic acid was obtained in theoretical yield 
when methyl 8-3 : 4-dimethoxyphenylpropionate (8 g.) in benzene (30 c.c.) was heated with 
hydrazine hydrate (4-8 g.) for 1 hour under reflux. The product solidified to a hard cake (12 g.) 
after the removal of the solvent, and was recrystallised from hot benzene; m. p. 132° (Found : 
N, 12-7. C,,H,,0,N, requires N, 12-6%). This hydrazide (1 g.), dissolved in dilute hydro- 
chloric acid (35 c.c. of 10%), was treated with sodium nitrite solution (6 c.c. of 5%) with stirring 
at 0°, whereupon the azide separated as a granular crystalline mass; m. p. 53—55° (decomp.). 
The dried azide, dissolved in toluene (60 c.c. at 0°), was dehydrated over calcium chloride (1 hour) 
and then over sodium sulphate (14 hours) at 0°, and then decomposed by 5 hours’ boiling. The 
resulting isocyanate is volatile in toluene vapour and was not isolated. Phosphoryl chloride 
(2 c.c.) was introduced into the solution, and the mixture heated at 110° for 2 hours. After 
decomposition with ice, the toluene layer was repeatedly extracted with dilute hydrochloric 
acid, and the extracts combined with the original aqueous layer, concentrated to a small bulk, 
basified with sodium hydroxide (10% solution) at 5°, and extracted repeatedly with much 
chloroform. The thick viscous mass remaining after the removal of the solvent was repeatedly 
crystallised from benzene-ether; m. p. 173° (Found: N, 6-8. Calc. for C,,H,,0,N: N, 
6-76%). The substance had all the properties of corydaldine and gave a nitroso-derivative, 
m. p. 185°. The non-basic substance, m. p. 152°, isolated from the toluene layer is described 
on p. 1264, 









1264 Baldwin and Robinson : 


The isocyanate (from 1 g. of the hydrazide) when boiled with aniline (in toluene) gave the 
carbamide (1-2 g.) (IV; R = Ph), m. p. 154° (Found: N, 9-5. C,,H,.O;N, requires N, 9-3%). 
This (1-2 g.) was treated with phosphoryl chloride (2 c.c.) as above, the acid extract boiled with 
charcoal, cooled, and basified; the sticky precipitate was crystallised from benzene-ligroin and 
then twice from boiling ligroin; m. p. 139° (Found: C, 72-4; H, 6-6; N, 9-9. C,,H,,0,N, 
requires C, 72-3; H, 6-4; N,9-9%). The base (V or VI; R = Ph) is readily soluble in benzene, 
chloroform, and alcohol, but sparingly soluble in ether. From a solution of its hydrochloride 
(m. p. 244°), it was recovered unchanged. 

Similarly the carbamide (IV; R = p-C,H,Me), m. p. 155° (Found: N, 8-8. C,,H,.O;N, 
requires N, 8-9%), was converted into the related isoquinoline (V; R = p-C,H,Me), m. p. 
126°, after crystallisation from benzene-ligroin (9:1) (Found: N, 9-5. C,gH ,9O,N, requires 
N, 9-46%). The carbamide from m-toluidine had m. p. 150° (Found: N, 9-1%), and the cor- 
responding isoquinoline (70% yield) had m. p. 188° (Found: N, 9-5%). The carbamide from o- 
toluidine, m. p. 153° (from toluene) (Found: N, 9-1%), was not smoothly converted into the 
related isoquinoline, which could not be obtained pure; but the carbamide from phenetidine 
(IV; R= p-C,H,OEt), m. p. 152°, was readily transformed into the isoguinoline (V; R= 
p-C,H,OEt) (Found : N, 8-8. C,,H,,0O,N, requires N, 8-6%). 

In order to establish whether the isoquinolines have the structure (V) or (VI), methyl- 
aniline was condensed with the isocyanate (II). The carbamide was not isolated, but was 
directly converted into the related isoquinoline, which crystallised from boiling ligroin in thick 
plates, m. p. 150° (Found: N, 9-8. (C,,H,.O,N, requires N, 9-5%); this substance can only 
be 1-phenyimethylamino-6 : 7-dimethoxy-3 : 4-dihydroisoquinoline (VI; R = Ph; Mein place of H). 

(a) The foregoing base (1 g.) dissolved in moist benzene (50 c.c.) was reduced with aluminium 
amalgam (1g. of Al) for12hours. The thick viscous oil obtained after the removal of the solvent 
was purified via the hydrochloride, and the resulting base was repeatedly crystallised from 
benzene-ligroin; m. p. 155—158° (Found: N, 9-5. C,,H,,O,N, requires N, 9-4%). 

(b) The dihydroisoquinoline (V; R= Ph) was treated with methyl iodide in methanol 
(hot), and the crude addition product was reduced with aluminium amalgam ; the base obtained 
had m. p. 155—160°; mixed m. p. with substance described under (a), 155—158°. 

The isocyanate (II) (1 g.), on being boiled with acetic anhydride (5 c.c.) in toluene, lost some 
carbon dioxide, but diacet-8-3 : 4-dimethoxyphenylethylamide was not detected. After the 
removal of toluene and acetic anhydride in a vacuum, an oil remained which quickly solidified 
when stirred with sodium bicarbonate solution. It crystallised from hot benzene in feathery 
leaflets, m. p. 152° (Found: N, 7-2. C,,H,,0,;N, requires N, 7:2%), and was identical with the 
neutral product obtained in the synthesis of corydaldine above. It is undoubtedly s.-dis- 
(8-3 : 4-dimethoxyphenylethyl)carbamide, CO[NH°CH,°CH,°C,H,;(OMe),],, and its original 
formation was due to traces of water in the toluene. 


THE UNIVERSITY, LAHORE. (Received, June 27th, 1934.] 



















































274. Attempts to find New Antimalarials. Part VIII. Derivatives of 
8-Aminoalkylaminoquinoline. 
By A. W. BALDWIN and RoBERT ROBINSON. 


THE methods developed in Part III of this series (J., 1929, 2959) have been extended to 
fresh examples, because several of the salts were found to possess powerful antimalarial 
properties in bird malaria (cf. Tate and Vincent, Parasitology, 1933, XXV, 411, whose 
work in collaboration with Prof. D. Keilin has covered many of the specimens submitted ; 
especially, R.25* and R.26, having therapeutic indices of 1:16, are nearly equal to 
plasmoquine in potency and resemble it in action, see also Part IX. We take this 
opportunity of thanking Professor Keilin and his colleagues for their valued co-operation). 

Even small variations of no chemical interest were deemed worth making in the 
biological connexion. For instance, the 6-methoxyquinolines were usually more potent 
than the similarly substituted 6-ethoxyquinolines, and the length of the alkylaminoalkyl 
chain in position 8 has a considerable bearing on the activity. 


* The numbers R.25, etc., identify specimens submitted for biological tests. 
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Moreover, the value of a drug is always a function of its therapeutic efficiency and its 
toxicity, and in the case of plasmoquine and its analogues a comparatively small 
diminution of toxicity with an equal or improved therapeutic efficiency might well 
transform the aspect of malaria therapy. The reader is referred to Part III (loc. cit.) 
and to the experimental section which follows. It has been found that 88’-dichlorodiethyl 
ether reacts with potassium phthalimide with formation of phthalo-B-(8'-chloroethoxy)- 
ethylimide, Cl-C,H,°O-C,H,"N(CO),C,H, (I) in practicable yield; the substance may be 
found of service in other connexions. 


EXPERIMENTAL. 


8-8-A minoethylamino-6-ethoxyquinoline Dihydrochloride.—8-Amino-6-ethoxyquinoline (B.P. 
267,169) was condensed in the usual way (J., 1929, 2962) with $-bromoethylphthalimide to 
8-8-phthalimidoethylamino-6-ethoxyquinoline, which crystallised from benzene in greenish- 
yellow needles, m. p. 178—179° (yield, 75%) (Found: C, 69-9; H, 5-3; N, 11-3. C,,H,,0,N, 
requires C, 69-8; H, 5-3; N, 11-6%). The removal of the phthalyl residue was effected by 
means of hydrazine, and the dihydrochloride of the resulting base crystallised from ethyl 
alcohol in orange needles (R.46), m. p. 247° (Found: C, 51-3; H, 6-4; N, 12-7; Cl, 22-8. 
C,3H,,ON,Cl, requires C, 51-3; H, 6-3; N, 13-8; Cl, 23-3%). A solution (R.47) of the 
N-butyl derivative was prepared in the usual manner (ibid.). 

8-y-A minopropylaminoquinoline Dihydrochloride.—8-Nitroquinoline (Knuppel, Ber., 1896, 
29, 705) was reduced to 8-aminoquinoline by Dikshoorn’s method (Rec. trav. chim., 1929, 48, 
153). This aminoquinoline was condensed with y-bromopropylphthalimide as in previous 
cases, the reaction being complete in 90 mins. The product, the hydrobromide of 
8---phthalimidopropylaminoquinoline, was basified with pyridine, and crystallised from alcohol 
in bright, yellow, flat needles, m. p. 111° (Found: C, 72-5; H, 5-0; N, 12-4. C,9H,,0,N, 
requires C, 72-5; H, 5-1; N, 127%). The phthalyl residue was removed by means of hydrazine 
and 8-y-aminopropylaminoquinoline dihydrochloride was obtained, on crystallisation from 
alcohol, in orange needles containing 1H,O (R.40) (Found: C, 49-0; H, 6-5; N, 14:2; Cl, 
24-3; H,O, 6-2. C,,H,;N;,2HCI,H,O requires C, 49-3; H, 6-5; N, 14-4; Cl, 24-3; H,O, 
6-2%). A solution (R.41) of the N-butyl derivative was prepared in the usual manner. 

8-A mino-6-n-butoxyquinoline.—p-Aminophenol (50 g.) was N-acetylated in quantitative 
yield by refluxing with acetic acid (50 c.c.) for 6 hours (Hewitt and Ratcliffe, J., 1912, 101, 
1766). p-Acetamidophenol (30 g.) was butylated by refluxing with aqueous sodium hydroxide 
(80 c.c. of 10%) and n-butyl p-toluenesulphonate (50 g.) (Finzi, Ann. Chim. Appl., 1925, 
15, 41) for 3hours. The product was obtained in 70% yield after recrystallisation from benzene 
as colourless needles, m. p. 112°. -n-Butoxyacetanilide (11 g.) was mixed with acetic acid 
(25 c.c.) and water (12-5 c.c.), cooled with ice and shaken, and nitrated by means of a mixture of 
nitric acid (25 c.c., d 1-42) and acetic acid (20 c.c.), which was added very slowly at below 5°. 
After stirring for 1 hour the product was isolated (a sample of this 2-nitro-p-n-butoxyacetanilide 
crystallised from aqueous ethyl alcohol in long, yellow needles, m. p. 85°). The whole product 
was then treated with boiling concentrated hydrochloric acid (150 c.c.) for 2 hours, and, on 
dilution to 6 volumes with water, the free base was precipitated. It crystallised from light 
petroleum containing a little benzene in bright red needles, m. p. 66° (yield, 9-5 g.) (Found : 
C, 57-3; H, 6-6; N, 13-1. C,9H,,O,N, requires C, 57-1; H, 6-7; N, 13-3%). This 2-nitro- 
4-n-butoxyaniline (75 g.) mixed with arsenic acid (55 g.), glycerol (85 c.c.), and concentrated 
sulphuric acid (60 c.c.) was refluxed for 6 hours (oil-bath), and the whole then poured on ice, 
filtered, and the residue washed thoroughly with hot dilute hydrochloric acid. The product 
was collected from the basified filtrate and washings and, on crystallisation from the minimum 
of ethyl alcohol, 8-nitro-6-n-butoxyquinoline was obtained in colourless needles, m. p. 92° 
(yield, 25 g.) (Found: C, 63-4; H, 5-6; N, 11-3. Cj,H,,O,N, requires C, 63-4; H, 5-7; N, 
114%). This was reduced by West’s method (J., 1925, 127, 494), and the product had b. p. 
200°/4 mm.; the distillate solidified, and was recrystallised from light petroleum, forming 
white needles of 8-amino-6-n-butoxyquinoline, m. p. 59° (Found: C, 72-5; H, 7-6; N, 12-9. 
C,3;H,,ON, requires C, 72-2; H, 7-4; N, 13-0%). 

8-y-A minopropylamino-6-n-butoxyquinoline Dihydrochloride.—The interaction of y-bromo- 
propylphthalimide with the above aminoquinoline was effected in the usual way and was 
complete in 2 hours. After removal of hydrogen bromide, 8-y-phthalimidopropylamino-6-n- 
butoxyquinoline was obtained in almost colourless needles, m. p. 99°, by crystallisation from 
ethyl alcohol (yield, 75%) (Found: C, 71-2; H, 6-4; N, 10-3. C,,H,,0,N, requires C, 71-5; 
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H, 6-2; N, 10-4%). The dihydrochloride of the product obtained by removal of the phthaly] 
residue crystallised from ethyl alcohol in bright yellow needles, m. p. 75—80° (R.44) (Found : 
C, 52-7; H, 7-3; N, 11-0; Cl, 19-2. C,,H,,ON;Cl,,H,O requires C, 52-7; H, 7-4; N, 11-5; 
Cl, 19-5%). A solution (R.45) of the n-butyl derivative was prepared in the usual manner. 

Phthalo-B-(8'-iodoethoxy)ethylimide.—88'-Dichlorodiethy] ether (80 g.), along with phthalimide 
(31 g.) and potassium carbonate (16 g.), was refluxed for 3 hours. The excess of the chloro- 
ether was then removed by steam distillation, and the oily residue, which soon solidified, was 
dried and extracted with light petroleum (b. p. 40—60°), yielding colourless needles of 
phthalo-B-(8'-chloroethoxy)ethylimide (I) (31 g.), m. p. 72° (Found: C, 56-8; H, 4-8; N, 5-1; 
Cl, 13-5. C,,H,,0,NCl requires C, 56-8; H, 4-7; N, 5-5; Cl, 14:0%). The residue from the 
extraction, consisting of 88’-diphthalimidodiethyl ether, crystallised from 50% acetic acid in 
long, colourless needles, m. p. 157° (Found: C, 65-9; H, 4-1; N, 7-6. C,.9H,,O,;N, requires 
C, 65-9; H, 4:4; N, 7-7%). The chloro-compound (25 g.) was refluxed for 48 hours with 
potassium iodide (100 g.) and water (60 g.). The product was ground under water, dried, 
and crystallised from light petroleum, forming colourless tablets, m. p. 83—84° (yield, 23 g.) 
(Found: C, 42-2; H, 3-6; N, 4-4; I, 36-1. C,,H,,O,NI requires C, 41-7; H, 3-5; N, 4-1; 
I, 36-8%). This reaction may also be accomplished in acetone solution by using sodium 
iodide. 

8-B-(8'-A minoethoxy)ethylamino-6-methoxyquinoline Dihydrochloride.—The condensation with 
8-amino-6-methoxyquinoline (B.P. 267,169), when carried out in the usual way, gave an 
inferior yield of an impure product, but the following modification led to much better results. 
8-Amino-6-methoxyquinoline (10 g.) was refluxed with phthalo-f-(f’-iodoethoxy)ethylimide 
(22 g.) and N-sodium carbonate solution (100 c.c.) for 6hours. The product, 8-8-(8’-phthalimido- 
ethoxy)ethylamino-6-methoxyquinoline, crystallised from benzene-light petroleum in bright 
yellow needles, m. p. 145° (yield, 10 g.) (Found: C, 67-6; H, 5-2; N, 10-8. C,,H,,0,N, 
requires C, 67-5; H, 5-4; N, 10-8%). The phthalyl residue was removed as usual, and the 
dihydrochloride of the resulting base crystallised from alcohol in golden-orange plates, m. p. 224° 
(R.48) (Found: C, 50-1; H, 6-3; N, 12-1; Cl, 20-7. C,,H,,O,N;Cl, requires C, 50-3; H, 6-3; 
N, 12-6; Cl, 21-3%). A solution (R.49) of the n-butyl derivative was prepared for biological 
tests. 

5-Nitro-2-methoxy-m-xylene.—m-2-Xylenol (50 g.) was methylated by means of methyl 
sulphate (100 g.) and aqueous sodium hydroxide (500 c.c. of 20%) below 60° (yield, 50 g., b. p. 
181—182°) (cf. Ber., 1908, 41, 2339). The ether (20 g.) was then nitrated in glacial acetic acid 
(60 c.c.) after cooling to 10°, by adding nitric acid (20 c.c., d 1-42) in one portion. If reaction 
did not immediately occur, it was induced by addition of a few drops of fuming nitric acid. 
The product crystallised from ethyl alcohol in long, colourless needles, m. p. 91° (yield, 16 g.) 
(Found: C, 59-7; H, 6-0; N, 7-7. C,H,,O,N requires C, 59:7; H, 6-1; N, 7-7%). 

2-Methoxy-m-5-xylidine.—The reduction was effected by West’s method (/oc. cit.), and the 
reaction mixture was made alkaline and steam distilled. The distillate was acidified, con- 
centrated to a small bulk, and the base then set free and isolated. A pure white product was 
obtained (yield, 50%); a specimen crystallised from water in long white needles, m. p. 61° 
(Found : C, 71-4; H, 8-4; N, 9-1. C,H,,ON requires C, 71-5; H, 8-6; N, 9-3%). 

6-Methoxy-5 : 7-dimethylquinoline.—Methoxy-xylidine (52 g.), arsenic acid (56 g.), glycerol 
(84 c.c.), and sulphuric acid (60 c.c.) were together refluxed for 7 hours. The mass was then 
basified and steam-distilled, the distillate being acidifled and concentrated to a small bulk. 
After cooling, a saturated solution of potassium dichromate (60 g.) was added and the whole 
was kept for several hours, the quinoline chromate then crystallising in orange needles. This 
salt was decomposed with formation of 6-methoxy-5 : 7-dimethylquinoline, which crystallised 
as long, colourless needles, m. p. 58° (yield, 18 g.) (Found : C, 77-2; H, 6-9; N, 7-4. C,.H,;0N 
requires C, 77-0; H, 7-0; N, 7-5%). 

8-Nitro-6-methoxy-5 : 7-dimethylquinoline.—The above quinoline (15 g.) was charged slowly 
into fuming nitric acid (45 c.c., d 1-52), surrounded by ice, the temperature never being allowed 
to exceed 20°. After 3 hours, the mixture was added to ice, and the solution rendered alkaline 
with sodium carbonate. The precipitated product was ground under water and washed; it 
crystallised from 60% ethyl alcohol in well-formed, white needles, m. p. 100-5° (yield, 95%) 
(Found : C, 61-8; H, 4-7; N, 11-7. C,,H,,0,N, requires C, 62-1; H, 5-2; N, 12-1%). The 
substance was prepared in order that it might be converted into 8-amino-6-methoxy-5 : 7- 
dimethylquinoline and its aminoalkyl derivatives; the interesting point is that the 
8-amino-group is introduced by nitration and subsequent reduction of a quinoline. In other 
cases reliance must be placed on a Skraup reaction of a substituted o-nitroaniline. 
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Preparation of Homogeneous Secondary Bases of Plasmoquine Type.—Numerous devices for 
the preparation of pure 8-y-monoalkylaminopropylaminoquinolines have been tested, but 
none has given fully satisfactory results. Treatment of y-phenoxypropyl bromide with a large 
excess of a primary aliphatic amine in the presence of aqueous sodium carbonate led to bases 
which were hydrolysed with hydrobromic acid and then condensed with 8-amino-6-methoxy- 
quinoline. The biological properties of the resulting salts were not different from those 
previously obtained by alkylation of 8~y-aminopropylamino-6-methoxyquinoline. But 
analysis of the y-phenoxypropylalkylamine hydrochlorides showed that they were mixed with 
tertiary bases to a greater or less extent. This does not affect the final result, as the tertiary 
bases will afford dibromo-derivatives and then complex condensation products with 
aminomethoxyquinoline which would be separated on distillation. 

y-Phenoxypropyl bromide (18 g.) (“‘ Organic Syntheses,” Vol. IX, 72) was refluxed gently 
for 15 hours with n-propylamine (20 g.) and 2N-sodium carbonate (60 c.c.). Crude y-phenoxy- 
di-x-propylamine hydrochloride separated from the cooled solution acidified with hydrochloric 
acid. The mixed salts crystallised from benzene in white needles, m. p. 131° (yield, 20 g.) 
(Found: C, 63-2; H, 8-0; N, 4:3; Cl, 15-2. C,,H,ONCI requires C, 62-8; H, 8-7; N, 6-1; 
Cl, 155%). In this particular case the contamination with tertiary base was not serious. 
This hydrochloride (20 g.) was gently refluxed for 15 hours with hydrobromic acid (80 c.c., d 1-7), 
diluted to 5 volumes, phenol extracted with ether, and the solution, containing the hydrobromide 
of y-bromodi-n-propylamine, evaporated to dryness, the last traces of acid being removed by 
heating on the steam-bath under diminished pressure for 2 hours. This substance was mixed 
with 0-9 equiv. of 8-amino-6-methoxyquinoline and amyl acetate (80 c.c.) and refluxed for 24 
hours. The solvent was then decanted from the dark red sticky mass, which was dissolved in 
water, and traces of amyl acetate removed by ether. The 8-y-n-propylaminopropylamino-6- 
methoxyquinoline was precipitated, by addition of a large excess of sodium hydroxide, as a 
dark viscous oil, b. rp 225—230°/< 0-1 mm., forming a pale orange oil which exhibited a marked 
green fluorescence (Mund: C, 70-1; H, 8-7; N, 15:3. C,gH,sON; requires C, 70-3; H, 8-4; 
N, 15-4%). 

8-y-n-Butylaminopropylamino-6-methoxyquinoline was obtained in an entirely analogous 
manner. The crude y-phenoxypropyl-n-butylamine hydrochloride crystallised from acetone 
containing a little ethyl alcohol in lustrous white plates, m: p. 176°, and the hydrobromide of 
y-bromopropyl-n-butylamine was then prepared as above and condensed with 8-amino-6- 
methoxyquinoline in the same way, resulting in a similar orange-coloured oil, which showed a 
marked green fluorescence; b. p. 216°/< 0-1 mm. (Found: C, 71-3; H, 8-8; N, 14-6. 
C,,H,,ON; requires C, 71-1; H, 8-7; N, 146%). 


The authors thank the Department of Scientific and Industrial Research for Grants, 


UNIVERSITY COLLEGE, UNIVERSITY OF LONDON. 
THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, July 12th, 1934.] 





275. Attempts to find New Antimalarials. Part IX. 8-3-Amino- 
butylamino-6-ethoxyquinoline. 
By W. MEISEL and ROBERT ROBINSON. 
GABRIEL and Maass (Ber., 1899, 32, 1269) obtained 8-bromobutylphthalimide by a series 
of operations from y-phenoxypropyl bromide, and the substance has now been condensed 


with 8-amino-6-ethoxyquinoline. On hydrolysis of the product, the hydrochloride (I) 
of the base named in the title was obtained. 


EtO, , 2HC1 MeO 
(I.) N N (II.) 
NH[CH,],NH, NH-CHMe:CH,°CH,°CH,’NEt, 
On comparison with plasmoquine (II), it will be seen that a four-carbon chain separates 
the nitrogen atoms in the aminoalkylamino-group in both cases. The evidence at our 
4P 
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disposal indicates that this is an optimum length for the series of bases with a terminal 
amino-group. The salt (I) is stated in a preliminary report from Professor Keilin’s 
laboratory to be a good curative agent in bird malaria, having a therapeutic ratio of 1 : 30 
or less. 

EXPERIMENTAL. 


8-3-Phthalimidobutylamino-6-ethoxyquinoline.—A mixture of 8-amino-6-ethoxyquinoline 
(1-9 g.) and 8-bromobutylphthalimide (2-8 g.) was heated on the steam-bath for 24 hours with 
shaking until crystallisation occurred. The solid product was powdered, extracted with 
toluene, and the residue crystallised from methyl alcohol; it formed golden-yellow needles, 
m. p. 143-5—144-5° after sintering at 142°, a behaviour unaltered after 8 recrystallisations. 

This hydrobromide was decomposed by means of aqueous sodium carbonate (10%) at 
40°, and the base crystallised from alcohol in pale greenish-yellow needles, m. p. 114-5—115-5° 
(Found : C, 70-9; H, 6-0; N, 10-8. C,3H,,0,N, requires C, 70-8; H, 6-0; N, 10-8%). 

8-3-A minobutylamino-6-ethoxyquinoline (I).—The phthalimide (1-9 g.) was hydrolysed by 
means of hydrazine hydrate (0-3 g. of 90%) in alcoholic solution (20 c.c.) by heating for 3 hours 
on the steam-bath (reflux). Hydrochloric acid (excess of 10%) was added, the heating continued 
for 14 hours, the alcohol evaporated, and the mixture diluted and filtered. The base was set 
free by means of an excess of sodium hydroxide, collected (1-3 g.), and purified by re-dissolution 
and reprecipitation (m. p. ca. 54°). The dry base was dissolved in chloroform, and the hydro- 
chloride precipitated by passage of hydrogen chloride; the salt then crystallised from 95% 
alcohol (1-2 g., recrystallised 0-9 g.) in orange-red prisms, m. p. 196—197° (Found: C, 51-2; 
H, 7-1; N, 11-7; Cl, 20-1. C,;H,,ON;,2HC1,H,O requires C, 51-5; H, 7-2; N, 12-0; Cl, 20-2%). 

It was thought that it might be possible to obtain members of the 8-aminobutylamino-series 
from related succinimides by electrolytic reduction. The condensation of 8-amino-6-methoxy- 
quinoline with succinic anhydride furnished a succinamic acid, namely, 8-6-carboxypropionamido- 
6-methoxyquinoline, m. p. 143—144° (Found: N, 10-0. C,,H,,0O,N, requires N, 10-2%), but 
the yield was unsatisfactory and other products were obtained by slight variation of the 
conditions, 
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The Mechanism of Anionotropic Change and the Fate of the Mobile Anion. By HAROLD Burton. 


It has been shown (J., 1928, 1650) that the mobile group X (= ~-NO,°C,H,°CO*O) in the system 
Ph*CHX°CH-CH, (I) === Ph*CH:CH’CH,X (II) undergoes ionic dissociation promoted by some 
molecular property of the solvent closely related to its dielectric constant. This conclusion 
was reached from a study of various points which are summarised as follows: (1) The change 
(I) ——> (II) was not catalysed by strong or weak acids. (2) Isomerisation occurred smoothly 
in boiling acetic anhydride. (3) The possibility of a mechanism in which the mixed p-nitro- 
benzoic—acetic anhydride reacted with cinnamyl acetate (formed as an intermediate) was 
excluded. (4) The change (I) ——> (II) occurred smoothly in benzonitrile at 140°, more slowly 
in chlorobenzene, and much less readily in p-xylene. (5) When a-phenylallyl p-nitrobenzoate 
was heated with an equivalent of tetramethylammonium acetate in acetic anhydride, a mixture 
of cinnamyl acetate (II; with X, = CH,°CO°O replacing X) and cinnamyl p-nitrobenzoate, 
in which the former preponderated, was obtained. 

Further evidence regarding the above hypothesis can be obtained by investigating any 
change that may occur when cinnamyl p-nitrobenzoate is heated with tetramethylammonium 
acetate in acetic anhydride under the same conditions of time, temperature, and concentration 
as those originally used in (5). The non-formation of any appreciable quantity of cinnamyl 
acetate under such conditions would definitely exclude the possibility that, in (5), cinnamyl 
p-nitrobenzoate is first produced and then reacts with the tetramethylammonium acetate to 
give cinnamyl acetate. That such a reaction does not occur to any marked extent has been 
shown as follows : 

A mixture of cinnamyl p-nitrobenzoate (10 g.), tetramethylammonium acetate (4-7 g.), and 
acetic anhydride (20 c.c.) was boiled for 6 hours, and the dark reaction mixture poured into 
warm water. The resulting precipitate (8 g.), m. p. 75° after being washed with water and cold 
alcohol, gave after one crystallisation from alcohol pure cinnamyl p-nitrobenzoate, m. p. and 
mixed m. p. 77—78°. The alcoholic washings contained a dark oil with the characteristic 
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odour of cinnamyl acetate, but the quantity was too small for examination. A small amount 
of p-nitrobenzoic acid separated from the acidic aqueous mother-liquor on keeping. 

This experiment, together with (5), shows that the substitution of X by X, occurs during, 
and not after, the change; and since X, was introduced in the negatively charged form, the 
experiments constitute a self-contained proof that the separation of X with a negative charge 
is a condition essential to migration—THE UNIVERSITY, LEEDs. [Received, May 24th, 1934.] 





Electronic versus Ionic Mechanisms for Intramolecular Rearrangemenis. By FRanxk C, 
WHITMORE and Gro. H. FLEMING. 


Most molecular rearrangements have been discovered as isolated aberrations from the normal 
course of organic reactions. It is not strange, then, that diverse explanations of them have 
appeared, involving various types of ring structure, olefins, univalent nitrogen, bivalent carbon, 
and uni- and bi-valent ions. The British school of organic chemists has focused attention on 
the electronic nature of these changes (Aun. Reports, 1923—1930). Recently the conviction 
has grown that all rearrangements have much in common and should be explicable on a common 
basis. The electronic hypothesis used in this laboratory (J. Amer. Chem. Soc., 1932, 54, 3274; 
1933, 55, 4153) fits the facts remarkably well and is a valuable tool in experimental work. The 
presentation of this hypothesis and its applications has been faulty, however, in that many 
chemists have been left with the impression that it is an “‘ ionic mechanism ”’ such as the one 
used to explain rearrangements of alcohols and related compounds which can undergo at least 
a minimal ionisation (Meerwein et al., Annalen, 1927, 455, 227). This ionic mechanism failed, 
however, in the Hofmann, Lossen, Curtius, and Beckmann rearrangements, and in processes 
such as the action of nitrous acid with primary amines (J. Amer. Chem. Soc., 1932, 54, 3435, 
3441). The confusion of the present electronic hypothesis with the earlier ionic mechanism 
extends to Ann. Reports (1933, 30, 177), where it is implied that the hypothesis does not apply 
to the Hofmann rearrangement of d-3 : 5-dinitro-2-a-naphthylbenzamide into d-3 : 5-dinitro- 
2-a-naphthylaniline (Wallis and Moyer, J. Amer. Chem. Soc., 1933, 55, 2598). Actually, this 
rearrangement of the sterically hindered diphenyl derivative without racemisation offers the 
best existing proof of the soundness of the hypothesis used in our work (ibid., 1934, 56, 1729). 

The misconception can best be corrected by a more detailed application of the electronic 
hypothesis to our study of the reaction between meopentyl iodide, CMe,°CH,I, and silver 
acetate. In conductivity glacial acetic acid at 60° in 36 hrs., this gives dert.-amyl acetate and 
mainly trimethylethylene, no neopentyl acetate, the normal product, being detected. This 
result corresponds to that obtained with mneopentyl alcohol and halide acids (ibid., 1932, 54, 
3431). The ¢ert.-amyl acetate was treated with fuming hydrochloric acid, the resulting chloride 
was converted into the Grignard reagent, and treated with phenyl isocyanate; dimethylethy]l- 
acetanilide was formed, m. p. and mixed m. p. 90—91°, thus proving the tertiary structure. 

We picture this reaction as follows: (1) The formation of silver iodide removes an iodine 
with a complete octet of electrons, thus leaving one carbon of the neopentyl system with only 
six electrons, an open sextet. This fragment is unstable and reactive, resembling a “‘ positive ” 
chlorine atom with only six electrons; neither of the systems shows the properties of an 
ordinary positive ion having a complete octet. (2) The fragment must undergo a change 
which will eliminate the open sextet; this could be effected by one of the following mechanisms. 
(2) Union with an acetate ion; but failure to detect meopentyl acetate indicates that this does 
not take place to any appreciable extent. (6) Attraction of an electron pair from the next 
atom in the same molecule; this process requires no special mechanism: the methyl group, 
held by the shifting electron pair, moves with it to form a éert.-amyl system, in which the 
tertiary carbon has an open sextet. It is unreasonable to assume either that the electron pair 
or the methyl group, with or without electrons, leaves the molecule during the process. The 
transfer from one atom to the next takes place entirely intramolecularly, as Wallis and Moyer 
have shown so clearly in their rearrangement (Joc. cit.). (3)(a) The electronically deficient tert.- 
amyl fragment formed as in (2) (b) can and does satisfy its deficiency by union with an acetate ion ; 
hence, the “‘ life ’’ of this fragment is apparently longer than that of the corresponding neopentyl 
fragment, in agreement with the known facts about primary and tertiary compounds. (6) 
The deficiency can be satisfied intramolecularly by the shift of an electron pair from an adjacent 
atom to form a double bond and liberate a proton; this change would give trimethylethylene and 
2-methyl-1-butene.—THE PENNSYLVANIA STATE COLLEGE, STATE COLLEGE, PENNA. [Received, 
April 20th, 1934.) 
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276. Notes on the System Lime—Water, and on the Determination of 
Calcium. 


By Henry BAsseETT. 


In spite of many investigations of the solubility of calcium hydroxide there are still points 
in the behaviour of the system lime—water which are obscure. The relevant literature has 
been summarised by certain recent workers (e.g., Haslam, Calingaert, and Taylor, J. Amer. 
Chem. Soc., 1924, 46, 308; Johnston and Grove, ibid., 1931, 53, 3976). Of the earlier 
workers, Lamy (Compt. rend., 1878, 86, 333; Ann. Chim. Phys., 1878, 14, 145) studied the 
solubility of lime with most thoroughness, and with curious results. Most later workers 
overlooked his paper, so the main reason for the wide divergence in the results obtained by 
different investigators has only recently been appreciated. 

Lamy determined the solubility of coarsely crystalline calcium hydroxide and of 
freshly slaked pure lime, and found that the latter was much the more soluble. Since 
calcium hydroxide is normally obtained by slaking calcium oxide, and because its solubility 
in water is low and decreases with rise of temperature, its particle size is usually very small. 
For the same reasons the average particle size only increases very slowly in contact with the 
saturated solution. 

The calcium hydroxide of small particle size comes into equilibrium with water quickly 
enough for the same value for the solubility to be found after one hour’s shaking as after 24. 

Although such solutions are supersaturated 

| with respect to coarse particles, growth of 
the particles occurs so slowly that the effect 

due to it is scarcely apparent when the usual 
tests are made to see whether true equilibrium 
between solid and solution has been attained. 
Hence, although many of those who have 


of solution. 
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- | determined the solubility of calcium hydrox- 
8 0.06 ide applied such tests, their results are too 
ee high and do not correspond to the limiting 
eed values for coarse particles. Miller and Witt 

0-02 (J. Physical Chem., 1929, 33, 285) appear to 


i have been the first to appreciate the influence 
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0 Ws is i.i.siniit. as, of particle size on the solubility of calcium 
'7©¢ a. — hydroxide, but, in spite of that, their one 
measurement, at 30°, seems to be 10% too 
high. Johnston and Grove (loc. cit.) also realised the position and made one very careful 
determination with coarsely crystalline hydroxide at 25°. They found that 100 g. of 
saturated solution contained 0-111 g. of CaO, but the present author considers that this is 
probably slightly low and that 0-113 g. is a better value. It is difficult to get complete 
saturation of the solution with the dense coarse crystals. 

No complete series of determinations over the range 0—100° has hitherto been published 
in which the influence of particle size has been taken into account. The author’s results 
for this range are shown in Table I, in which are also given for comparison the results of 
Moody and Leyson (J., 1908, 93, 1767) and of Haslam, Calingaert, and Taylor (Joc. cit.) ; 
these appear to be the most satisfactory figures hitherto published. Shenstone and Cundall 
(J., 1883, 48, 550) made two determinations of the solubility, at 19° and 150°, in a special 
platinum apparatus. These appear to be very good results and are included in Table I 
and in the Fig. 

The data in col. 3 are based on some dozens of experiments and give the true solubility 
of calcium hydroxide, 7.e., the solubility of preparations in which the individual crystals 
are large enough for the effect of particle size to have been eliminated. These values fall 
on a smooth curve shown in the Fig., which has a point of inflexion at a temperature of 
about 60°. The higher solubilities of very fine particles of calcium hydroxide are naturally 














on the Determination of Calcium. 1271 


not very reproducible owing to the general instability of such systems. Col. 4 of Table I 
gives values obtained for the freshly slaked lime; values which are 10—15% higher than 
the limiting values are readily obtained. The limiting value of the cryohydric temperature 
is — 0-116°, whereas for freshly slaked lime the value — 0-123° was obtained. 


TABLE I. 


True sol. of Sol. of Values of Values of 
coarse Ca(OH),. fine Ca(OH), M.andL. H.,C., and T. 
, G. CaO per 100 g. solution. 

Temp. Solid phase. Pa A " 
—0°088° Ice 0°100 
— 0-090 ” 0°102 
—0°123 Ice and Ca(OH), 0°144, 0°140 
—0°116 - 0°130 

Ca(OH), 0°130 0°151, 0°143 


0°128 0°142 
0°125 0°138 
0-122 0°133 
0-118 


0-113 0°129 
0-109 0-121 
0-100 0°107 
0°0962 


0°0917 , 0°0923 
0°0861 





0°0847 
0°0818 


0°0784 
0°0731 
0°0657 
0°0591 
0°0561 
0°0523 
0°0246 


* Shenstone and Cundall (/oc. cit.). 


EXPERIMENTAL. 


The calcium hydroxide was obtained by slaking lime, prepared by ignition in platinum of 
pure precipitated calcium carbonate, made from exhausted carbon dioxide Kipp liquor which 
had been carefully neutralised with some of the same white marble used for the Kipp filling. 
The neutralised liquor was shaken for several days with a small excess of lime prepared from 
marble, and then filtered in order to remove traces of iron, magnesium, etc. The calcium 
carbonate was precipitated by slow addition of ammonium carbonate. After standing for 
about a day with occasional stirring, it was very thoroughly washed by decantation and finally 
on a Buchner funnel, and then dried in the oven. It was distinctly crystalline and only con- 
tained 0-008% of chlorine. 

The saturated solutions were obtained by mechanically shaking 0-75—1-5 g. of hydroxide 
with 100 c.c. of water for a sufficient length of time in thermostats at the desired temperature. 
The solutions were contained in bottles of either silver or platinum, the latter being that referred 
to in J., 1917, 111, 632: it was possible to fit a small condenser around the neck. At the lower 
temperatures the bottles were tightly closed with well-waxed corks. At higher temperatures, 
the long narrow neck of the flask, closed by a a tightly fitting, unwaxed cork, was allowed to 
project above the thermostat liquid. 

The time of shaking required varied with circumstances. Freshly slaked lime which had 
been boiled with solution in the platinum flask for 4 days (1 g. CaO to 100 c.c. water) gave 
the same solubility at 25° or other temperatures as large crystals of hydroxide, prepared by 
heating large volumes of cold saturated lime water to 50° or by slow evaporation over sulphuric 
acid at room temperature. Calcium hydroxide prepared by the boiling process was used for the 
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majority of the experiments, and only required about 6 hours’ shaking at the lower temperature 
for attainment of equilibrium. 

The high solubility given by the finely divided freshly slaked lime at any temperature 
gradually diminishes at a rate which depends upon (a) the temperature, (b) the relative pro- 
portion of solid hydroxide and solution, and (c) the vigour of shaking or stirring. Under the 
conditions of experiment, the limiting value of the solubility was reached at 100° in less than 
4 days, but about a month was required at 50°. 

Although the hydroxide prepared from the pure precipitated carbonate reaches its condition 
of minimum solubility after boiling in platinum for about 4 days, the crystals are still very 
minute. The interesting observation was made, however, that if calcium hydroxide prepared 
by slaking quicklime made from chalk (Upper Chalk from Purley, Surrey) was similarly boiled, 
it became relatively coarsely crystalline (crystals up to 1 mm. in diameter). It would seem that 
the small amount of argillaceous material present facilitates crystallisation in some way. 

At higher temperatures the solids were allowed to settle in the thermostat, and the clear 
solutions withdrawn for analysis by means of a warmed pipette. At lower temperatures they 
were generally filtered through a jacketed filter tube or one immersed in the thermostat. The 
filtering medium (asbestos and a disc of filter-paper) was shown to have no measurable effect on 
the concentration of the solution on account of adsorption effects. 

The equilibrium solid phase was always examined both microscopically and analytically. 
It was dried by washing with alcohol (or acetone) and ether, and always found to be Ca(OH),. 
No evidence has been found for the existence of any hydrate of this compound or of more than 
one crystalline modification. The matter has been studied with some care owing to various 
dubious statements in the literature. The possibility that the washing with alcohol might have 
decomposed a hydrate has, of course, been borne in mind. 

Ashton and Wilson’s careful crystallographic examination of calcium hydroxide prepared by 
various methods (Amer. ]. Sci., 1927, 18, 209) seems to have proved that the hydroxide has only 
been obtained crystallised in the hexagonal system. The idea that it is dimorphic which has 
crept into the literature seems to be due partly to the fact that crystalline preparations may 
show either hexagonal plates or small rhombohedra, and partly to a misunderstanding. The 
fact that the two forms may occur in the same preparation and coexist indefinitely (cf. Nogareda, 
Anal. Fis. Quim., 1931, 29, 556) indicates that they are not dimorphic forms. The idea seems 
to originate in a suggestion by Glinka (J. Russ. Phys. Chem. Soc., 1885, 17, 451; Bull. Soc. 
fran¢g. Min., 1887, 10, 63) that the crystals probably did not belong to the hexagonal system, as 
had been previously thought, but to the orthorhombic. Glinka himself did not suggest that 
the hydroxide was dimorphic. 

The high initial solubilities of freshly slaked lime might have been due to the existence of an 
unstable hydrate, and many years ago the author examined the relationship between the water 
content of freshly slaked lime and the water vapour pressure. Typical adsorption isotherms 
were obtained which showed that less than 0-5% of the extra water was at all firmly held, though 
slight adsorption effects were detectable up to about 10% of extra water. The curves gave no 
indication of any definite hydrate. All attempts by Haslam, Calingaert, and Taylor (/oc. cit.) 
to prepare a monohydrate failed. Nogareda (loc. cit., p. 33) has recently examined the 
dehydration curves of mixtures ranging from CaO,5H,O to CaO,H,O with similar results. He 
concludes, however, that there is a definite monohydrate as a result of density determinations of 
the hydroxide and of a solid of the composition Ca(OH),,H,O. The molecular volume for the 
extra molecule of water so obtained was found to be 15-6 in one case and 16-1 in another. 

These figures are considered by Nogareda to approximate to the value 14-5, which, according 
to Moles and Crespi (Anal. Fis. Quim., 1927, 25, 549; Z. physikal. Chem., 1927, 130, 337), is 
characteristic of all but the first molecule of water in various hydrated sulphates. It should be 
noted that, according to Thorpe and Watts (J., 1880, 37, 116), the molecular volumes of the 
water molecules in hydrates of the magnesium sulphate type have approximately the following 
values: in monohydrate, 10-7; difference between mono- and di-hydrate, 13-3; between di- 
and tri-, 14-5; between tri- and tetra-, 15-4; and between hexa- and hepta-, 16-2. It is evident 
that the molecular volume of water in hydrates tends to increase with the degree of hydration. 

In the case of the lime products under consideration, it appears to the author that the effects 
of adsorption, which extend over the first molecule of extra water contained in the hydroxide 
preparations, might well cause its molecular volume to be rather less than that of the water in 
much wetter mixtures. In any case it is very difficult to determine the true value of the density 
of such material, and Nogareda’s values are not much nearer to 14-5 than to the value 18 of 
ordinary water. 
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Notes on the Determination of Calcium.—Several analytical methods were employed in 
obtaining the results summarised in this paper. Many determinations were made gravimetrically 
as oxide after precipitation as oxalate; in other cases the calcium oxalate precipitate was 
titrated with standard permanganate, and in still other cases the alkalinity was determined with 
standard acid. With due precautions all these methods give good results, but in the gravimetric 
estimation as CaO it is essential to apply a correction for moisture absorption; from the weight 
of CaO actually found, 0-0005 g. was deducted from small weights of CaO, and 0-0007 g. from 
larger weights (up to 0-1 g.) (see p. 1275). , 

There appears to be a general belief that the volumetric estimation of calcium with per- 
manganate, after precipitation as oxalate, is unreliable, but by use of the simple modification 
given below it may be made very accurate. As usually carried out, the method is liable to give 
slightly low results, but the correct explanation of this has not been given even in the most 
recent long paper on the subject (Hahn and Weiler, Z. anal. Chem., 1927, 70,1). These authors 
concluded that the low results were due to slight decomposition (hydrolysis) of the precipitated 
calcium oxalate with removal of oxalic acid during the washing, but they did not prove this. 
The error is, in fact, due to the small, true, solubility of calcium oxalate, as shown by the 
following experiments. 

(a) Pure calcium oxalate, prepared in a similar manner to the carbonate previously described, 
was used for the experiments. It had been air-dried after thorough washing with water, 
followed by absolute alcohol; it contained the merest trace of chlorine and was quite air-stable 
with reference to its water content during several years. 

Calcium was determined by coriversion of a weighed amount into sulphate, and oxalate by 
titration with permanganate standardised against sodium oxalate. The two results calculated 
as CaO were 38-03% and 38-02% respectively (Calc. for CaC,O,,H,0: CaO, 38-39%). The 
air-dried material thus contains 13-18% of water (calc., 12-33%). The extra water was lost 
after drying over-night at 110°. The analysis shows that the lengthy washing of the preparation 
had not caused any disturbance to the CaO/C,O, ratio. 

(b) 0-5 G. of the same preparation of oxalate was washed on a 9-cm. ashless filter-paper with 
three successive amounts of 300 c.c. of distilled water, each 300 c.c. being collected and analysed 
separately : (1) 50c.c. were titrated by 0-0186N-permanganate, and (2) 200 c.c. were evaporated 
with sulphuric acid, and the calcium sulphate weighed. 


(1) (2) 
KMnQ,, c.c. G. of CaO per 200 c.c. soltn. CaSO,, g. = CaO, g. 
(i) 0°47 0°00100 0°0010 0°00041 
(ii) 0°38 0°00079 0:0014 0°00058 
(iii) 0°40 0°00083 0°0018 0°00074 





Within the limits of error of such determinations, these figures indicate that the calcium 
oxalate is dissolving as such, not that oxalic acid is being preferentially dissolved. The mean of 
the six values for CaO corresponds to 0-00082 g. CaC,O, in 100 c.c. of solution. 

(c) Numerous attempts were made to find whether small amounts of calcium oxalate became 
basic after prolonged extraction with water, and whether there were any indications that 
earlier extracts had a lower CaO/C,O, ratio which increased in later extracts as the surface of 
the oxalate particles might be supposed gradually to become more basic. Entirely negative 
results were obtained. 

(2) The solubility of the calcium oxalate was determined at 25° both in water and in dilate 
aqueous ammonia. The same result was obtained after 4 weeks’ shaking as after one. 


C.c. 0°0186N- Equiv. CaO Equiv. CaO CaC,O, in 
KMnO, for in100c.c., CaSO,,g.,fromz%c.c. in 100c.c., 100 c.c. 
Solvent. 50 c.c. soltn. g. soltn., g. g- soltn., g. 
0°34 0°00035 150 c.c. gave 0°0016 0°00038 0°00082 
1-20 0-00125 100 c.c. gave 00034 0:00140 0:00297 
1°83 0°00191 125 c.c. gave 0°0046 0°00152 0°00385 


The conclusions to be drawn from these results are that: (i) The values obtained from the 
oxalate and the calcium determinations are the same within the limits of accuracy of the experi- 
ments, which again shows that the calcium oxalate dissolves as such both in water and in dilute 
ammonia. (ii) The solubility in pure water at 25° is the same as that previously found by 
percolation at room temperature; water, percolating over calcium oxalate on a filter paper 
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during an ordinary filtration, thus becomes approximately saturated with calcium oxalate. 
(iii) Calcium oxalate is much more soluble in dilute ammonia than in pure water (this is the 
normal enhanced solubility caused by electrolytes not yielding an ion in common with the 
substance being dissolved); it is evidently better to wash calcium oxalate precipitates with 
pure water rather than dilute aqueous ammonia as is sometimes suggested. 

The solubility of calcium oxalate in water at 25° has previously been determined by Richards, 
McCaffrey, and Bisbee (Z. anorg. Chem., 1901, 28, 71), who found 0-00068 g. per 100 g. of 
solution. 

It becomes evident from the above results that the ideal washing liquid for calcium oxalate 
precipitates is distilled water saturated with calcium oxalate. This can be used whether the 
precipitate is to be subsequently weighed as carbonate, oxide, or sulphate, or whether it is to be 
titrated with permanganate. It is better than the dilute solution of ammonium oxalate, 
suggested by Richards, McCaffrey, and Bisbee (/oc. cit.) and by Hillebrand and Lundell (“ Quan- 
titative Inorganic Analysis, etc.”); this is often used in gravimetric estimations but is clearly 
inadmissible for volumetric work. 

It is noteworthy that, owing to the error due to moisture absorption by lime (see below), 
a more accurate result will be obtained when calcium is weighed as lime if no attempt is made 
to prevent solution of calcium oxalate during the washing. This is probably one reason why 
washing with dilute ammonia (which increases the solubility) has been found satisfactory, or 
even washing with warm or hot water, or hot ammonium oxalate solution, as is recommended 
in some text-books (e.g., Clowes and Coleman, ‘‘ Quantitative Chemical Analysis,’’ 13th Ed., 
1931, p. 81). ’ 

The simplest way of applying the method is to place a few g. of the bulk sample of pure 
dry calcium oxalate on a filter-paper and allow distilled water to flow through it, the solution so 
obtained being used to wash the calcium oxalate precipitate in the actual estimation. Excellent 
results are thus obtainable, as shown by the following example. 

Two portions of pure calcium carbonate (0-125 g.), prepared as previously described, were 
dissolved in dilute hydrochloric acid and precipitated in the usual way as oxalate. The one 
precipitate was washed with cold distilled water (50 c.c.) until all chloride had been removed ; 
the other was washed first with 2-5 c.c. of distilled water, then with 50 c.c. of the calcium oxalate 
solution obtained as above. The preliminary wash with 2-5 c.c. of water was to obviate any 
danger of slight additional precipitation of oxalate by interaction of the ammonium oxalate in 
the mother-liquor and the washing solution : it is not really necessary. The washed precipitates 
were dissolved in hot 2N-sulphuric acid and titrated with permanganate standardised against 
sodium oxalate. In the two experiments, the CaO content was found to be respectively 55-88 
and 56-01% of the carbonate (calc.: 56-04%). For every additional 50 c.c. of water used for 
washing, the CaO value found would have been lower by about 0-13%. It is therefore essential 
to wash calcium oxalate precipitates with a saturated aqueous solution of this salt. 

The gravimetric estimation of calcium as oxide after precipitation as oxalate is subject to 
several sources of error. In the author’s experience it is practically impossible to obtain the 
correct weight of ignited lime, owing to moisture absorption, even when using a very rapid air- 
damped balance. It seems as though the ignited lime absorbs moisture during the cooling in the 
desiccator—even if this contains phosphoric oxide—probably from the adsorbed film on the 
glass surface which is renewed to some extent every time the desiccator is opened. Ignition in 
a platinum crucible over a good Bunsen burner appears to be sufficient to convert calcium 
carbonate or oxalate completely into oxide. The sole effect of subsequent ignition over the 
blow-pipe seems to be to make the surface of the lime slightly less sensitive to moisture. 

The amount of moisture absorbed by the lime during the cooling and the weighing is largely 
determined by the rate at which it reaches the solid by diffusion, and so is more or less inde- 
pendent of the weight of lime. The error caused thereby is therefore far more serious with small 
weights of lime than with larger. The above points are illustrated by the following data obtained 
with a rapid air-damped balance, 25 minutes’ cooling being allowed in a desiccator containing 
phosphoric oxide. 


Be Rie IE, Bin 0ncasencsincuuphtantsiiennesssnensannapennwants 1-:0068 0°2042 
Calc. wt. of CaO, g. 0°5641 (56°04% of CaCO,) 0°1144 (56-04%) 
CaO after 35 mins.’ ignition over good Bunsen burner, g. 0°5648 (56°10% of CaCO,) 0°1156 (56-61%) 
After further 10 mins. over blow-pipe, g. ............s0+00« 0°5639 (56°01% of CaCO,) 0°1149 (56°29%) 
rising to 0°5644 (56-06%) rising very 
after 1 min. on balance rapidly to 
pan. 0°1152 (56°42%) 
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The solubility effect already discussed helps to counteract the effect due to absorption of 
moisture during weighing. The latter effect generally predominates, and for weights of lime 
up to 0-1 g., the weight found is too great by about 0-0005—0-0007 g. when the weighings are 
done as rapidly as possible on the ordinary analytical balances and when the oxalate precipitate 
has been washed with cold water. A third source of error, which also causes a high result, may 
arise from the use of ammonia solutions which have stood for a long time in the bottles. These 
may contain considerable amounts of silica, a small proportion of which is carried down by the 
calcium oxalate. In such circumstances, as much as 1% of what is regarded as lime after the 
ignition may consist of silica. In view of all the sources of error it would seem that the 
estimation of calcium by weighing as lime should be discarded. 

Use of Pure Calcium Carbonaie as a Volumetric Standard.—The use of Iceland spar as an 
independent standard in acidimetry has been described by Orme Masson (Chem. News, 1900, 
81, 73) but has not come into general use owing to the time taken for the last traces of acid to 
be neutralised before the loss of weight of the spar can be determined. It has been found, how- 
ever, that the pure precipitated calcium carbonate, prepared as described in this paper, can be 
readily used for standardising any of the strong mineral acids in the following way. 

An amount of the carbonate, capable of neutralising 25—50 c.c. of the acid, is accurately 
weighed into a platinum crucible and then ignited to lime over a good Bunsen burner. The 
residue is tipped into a clean dry beaker, and 20—50 c.c. water rapidly added. No mechanical 
loss due to the slaking process normally occurs, but difficulty may arise with the relatively large 
amounts of lime required for standardising N-acid ; the trouble may be overcome by introducing 
steam into the beaker containing the lime for some time before adding the water. The calcium 
hydroxide is then titrated with the acid to be standardised in presence of either methyl-orange 
or methyl-red, the crucible being rinsed out with a little of the acid and then with water. The 
hydroxide dissolves readily as acid is added, and by cautious addition of the acid towards the 
end, and crushing of small lumps with a glass rod, very accurate determinations of the end-point 
are possible. Even N-sulphuric acid can be standardised in this way, but owing to the separation 
of CaSO,,2H,O, care must be taken that all lumps of hydroxide have completely dissolved. 

Hydrochloric and sulphuric acid standardised in this way were found to be 0-0979N and 
1-013N respectively, whilst by weighing as silver chloride and barium sulphate respectively, 
the values found were 0-0980N and 1-012N. 


SUMMARY. 


The increased solubility of fine particles is the chief source of uncertainty in previous 
determinations of the solubility of calcium hydroxide. 

Steps have been taken to eliminate this source of error, and the solubility has been 
determined from the cryohydric point (— 0-116°) to 100°. 

There appears to be no sound evidence for the existence either of a hydrate of calcium 
hydroxide or of more than one crystalline form. 

Some of the sources of error in the determination of calcium have been examined. 

The solubility of calcium oxalate in water has been shown to be an important source 
of error in all methods. 

The volumetric determination with permanganate is shown to be the most accurate and 
convenient if the calcium oxalate precipitate is washed with water saturated with this salt 
instead of with pure water. 

A method is given for using pure precipitated calcium carbonate as an independent 
standard in acidimetry. 


I wish to thank Dr. W. L. Bedwell for carrying out some of the experiments on the volu- 
metric estimation of calcium and on the solubility of calcium oxalate. 
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277. The Catalytic and Electrical Properties of Metallic Surfaces. 
Part I, A Silver Surface catalysing the Combustion of Carbonic Oxide. 


By B. W. BRADFoRD. 


A SERIES of investigations by Finch and Stimson (Proc. Roy. Soc., A., 1927, 116, 379; 
1928, 120, 235; 1929, 124, 356; 1931, 132, 192), Stimson (¢bid., 1934, 144, 307), and 
Finch and Bradford (ibid., 1934, 144, 320) has lead to the development of methods for the 
study of catalytic surfaces based upon their electrical properties. These electrical methods 
have now been further developed and applied to the study of the combustion of carbonic 
oxide at a silver surface. 

The experiments fall into two groups. The catalytic and electrical properties of a 
virgin silver surface in contact with moist or dry (2CO + O,) mixtures were first determined 
over a wide range of temperature, and slow changes in catalytic activity due to normal- 
isation and sintering and also the effects of alternate introduction and removal of water 
followed. In the second group, the kinetics of the reaction and the effects of pre-treatment 
of the thoroughly temperature-normalised catalyst with one or other of the reacting gases 
were investigated. 

The catalytic properties of the silver surface, unlike those of gold (cf. Finch and Bradford, 
loc. cit.), were remarkably mobile, and were much affected by the previous history of 
the metal (7.e., heat treatment, or contact with various gases or with moisture) : at high 
temperatures a hitherto unobserved type of instability appeared. Furthermore, moisture, 
which has been shown to accelerate the combustion of (2CO + O,) mixtures on gold (Finch 
and Bradford, Joc. cit.), was found to exert an almost equally pronounced retarding effect 
in the case of silver. The kinetics of the reaction were such as to afford a view of the 
condition of the metallic surface and the types of adsorption thereon which could be 
correlated with the electrical properties; the latter were reflected not only in the com- 


paratively slow variations in activity due to normalisation and sintering, but also to other 
more transient effects outlined below. 


EXPERIMENTAL. 


The experiments consisted in circulating either moist or phosphoric oxide-dried mixtures of 
carbonic oxide and oxygen over the surface of a heated silver gauze mounted on a quartz rod 
and connected to a Lindemann electrometer. Carbon dioxide was, according to circumstances, 
either absorbed in soda-lime, or condensed by liquid air, and the reaction velocity measured 
manometrically. Fuller details have been given elsewhere (Finch and Bradford, Joc. cit.). 


Results. 


The following properties of the surface were determined : 

(1) The rate of catalytic reaction. Although the rates of combustion of (2CO + O,) mixtures 
were only approximately of the first order, the instantaneous unimolecular reaction coefficients, 
k = (dp/dt) /2-303, formed convenient indices of reaction rate, and are employed throughout 
except where otherwise stated: the values of & usually refer to the dry gas mixture at a 
pressure of 100 mm. 

(2) The equilibrium surface potential, A, measured in volts. Since the surface potentials 
observed throughout were without exception negative, the sign has been omitted in setting forth 
the results. . 

(3) The rate of electrical charging, PC, expressed in terms of micro-microcoulombs per minute 
per volt. As with gold, it was found that the rise of surface potential followed the relation 
v = A(1 — e~*), where v is the instantaneous surface potential at the time, /, after insulation, 
A is the final equilibrium potential, and P is a constant for given conditions of temperature, gas 
composition and pressure, and of surface activity. The product PC, where C is the capacity of 
the surface-electrometer system, then affords a specific measure of the rate of electrical charging. 

The Combustion of (2CO + O,) Mixtures—It became evident at an early stage that the 
silver surface exhibited in its behaviour as a catalyst certain peculiarities not met with in the 
previous study of gold, and the experiments were accordingly prolonged in order to elucidate 
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the factors responsible for such apparently anomalous behaviour. In all, 8 months were 
occupied by this first series of combustions, and during this time the surface was always in 
contact with either moist or dry (2CO + O,) mixtures. 

The results set forth in Table I show clearly the effect of prior heat treatment upon the 
properties of the surface. On proceeding from one temperature to another, the change in the 
catalytic and electrical activities (k and PC respectively) of the surface took place exceedingly 
slowly, the surface accommodating itself very gradually to its new temperature conditions. 
This behaviour is so striking that it negatives at once any suggestion of the combustion’s 
occurring, even in part, either homogeneously or by a chain mechanism starting at the surface; 
there appears to be no escape from the conclusion that it is the structure of the surface which in 
the main determines its catalytic and electrical properties. 

These results also bring out the fact that, in addition to the heat-treatment effect, the surface 
underwent the type of change ascribed to sintering, which in a series of experiments at 
successively increased temperatures is opposed to the temperature-normalisation effect. Thus, 
whilst at first, on changing from one temperature to another, & in general reflected almost 
exclusively the effects of previous heat treatment, in the final stages of each series at constant 
temperature the rate of change in the value of & had become linear, and was therefore due entirely 
to sintering. 

The results in Table II bring to light a remarkable type of increase in the activity of the 
surface, which was only found to occur at temperatures over 510°, but was independent of the 
presence of steam or otherwise in the reacting mixture. This took the form of an abrupt, and 
sometimes even five-fold increase in the value of k and was reflected, though to a lesser extent, 
by a parallel change in the electrical activity. The suggestion that such sudden increase in 
activity might be spurious and, in effect, due to the starting of reaction chains at the surface and 
their propagation into the body of the gas, is excluded by the facts that when the surface was in 
such an abnormally highly active condition an abrupt reduction in temperature revealed a 
persistent enhanced activity at lower temperatures, and that the values of k at such lower 
temperatures fell only slowly in a manner characteristic of the coming into play of temperature- 
normalisation and sintering forces. Thus, e.g., before Series E, the surface had been heated to 
465°, at which the value of k was 0-11. After heating at 517° and higher temperatures in Series 
F, G, and H, the value of k was now found to be 0-49, from which it fell gradually in the course 
of 3 days to 0-31. An even more remarkable change was observed in the experiments carried 
out before and after Series U. In this case, the immediately previous value of k at 465° was 
0-06, and after completion of the experiments at 535°, on reduction of temperature again to 
465°, the abnormally enhanced activity of the surface was reflected in the exceedingly high 
value of k = 1-25. 

The effect of steam on the reaction velocity is shown by the results incorporated in Table III. 
The change from the dry to the moist system entailed a loss in activity and vice versa; this 
behaviour is the contrary to that previously observed in the case of gold. The reduction in 
activity is most pronounced at the lower temperatures, but as was previously found to be the case 
with gold, the moist and the dry system activities tended to become equal with increasing temper- 
ature. In the case of gold, the increase in activity on changing from dry to moist conditions 
was attributed to the indirect process whereby correlative oxidation and reduction of carbonic 
oxide and steam occurred, the hydrogen thus liberated being burnt in its turn by oxygen. As 
will be shown later, the behaviour of silver, which at first sight appears to be radically different 
from that of gold, admits of a similar interpretation. 

The Kinetics of the Reaction.—At the conclusion of the foregoing series of experiments the 
kinetics of the reaction were studied by determining the rates of reaction of various mixtures of 
carbonic oxide, oxygen, and carbon dioxide. Prolonged contact with mixtures containing 
appreciable excess of either carbonic oxide or oxygen was found to bring about semi-permanent 
changes in the behaviour of the surface, and for this reason each experiment was bracketed by 
rate measurements in the standard (2CO + O,) mixture, appropriate corrections then being 
applied for the change in general activity brought about by the different treatments to which 
the surface had been subjected. The results of the experiments with mixtures of carbonic 
oxide and oxygen in different proportions are summarised in Figs. 1 and 2, and of those with 
added carbon dioxide in Table IV, in which col. 3 gives the unimolecular rate of reaction at 100 
mm., calculated on the partial pressure of (2CO + O,). These experiments were all carried out 
at a temperature of 550°: a few experiments were made at lower temperatures, with substanti- 
ally similar results, but the slow rates of reaction at such temperatures precluded a more complete 


investigation. 
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TABLE IV. 


Composition of | Unimol. Composition of Unimol. 
Condition. gaseous mixture, rate. A. Condition. gaseous mixture. rate. A. 
( 2CO + O, 1°25 0°334 2CO + O, 2°66 0°398 
Moist 2CO + O, + CO, 1:18 0-290 Dry 2CO + O, + §CO, = 2°55 0-281 
| ~~ 20 +0, 1:27 0323 2CO ++ O, 257 0-415 


It will suffice for the present purpose to point out the following conclusions from these 
results: (i) the reaction was not retarded by carbon dioxide; (ii) neither carbon monoxide nor 


Fic. 1. Fic. 2. 


Rates of reaction of mixtures containing constant Rates of reaction of mixtures containing constant 
partial pressures of oxygen diluted with various partial pressures of carbonic oxide diluted with 
pressures of carbonic oxide. various amounts of oxygen. 
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oxygen was strongly adsorbed over the whole of the surface—either gas when in excess displaced 
the other; (iii) water accelerated the reaction at low partial pressures of either reactant, and 
retarded the reaction at higher partial pressures; its catalytic effect was therefore relatively 
feeble, and only contributed appreciably to the total rate of reaction in conditions of sparse 
adsorption of carbonic oxide or oxygen (or of both). The reduced rates of reaction in the 
presence of water at high partial pressures of carbonic oxide and oxygen are probably to be 
attributed to displacement of the two gases by adsorbed water. 

Effects of Pre-treatment of the Catalyst with Carbonic Oxide or Oxygen.—A further study of 
pre-treatment effects was carried out, with results which may be summarised as follows [it 
should be borne in mind that (2CO + O,) was employed throughout as a reference mixture] : 
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(1) In the dry system, at all temperatures, the catalytic activity of the surface was increased 
by treatment with carbon monoxide, decreased by treatment with oxygen, and unaffected by 
carbon dioxide. For instance, at 440°, when the surface was brought into contact with CO and 
O, for periods of 1 hour each in the following order : CO, CO, O, O,, CO, the rates of combustion 
of (2CO + O,) mixtures—initially 0-651 on the thoroughly normalised surface—had the 
successive intervening values: 2-84, 2-65, 1-30, 2-65. Prior contact with carbon monoxide 
increased the rate of combustion by a factor of 4; subsequent carbon monoxide treatment 
brought about no further increase, but oxygen treatment slowly and continuously reduced the 
resultant abnormal activity, which could, however, be immediately restored by a short exposure 
to carbon monoxide. Contact with (2CO +- O,), either circulating (i.e., carbon dioxide-free) or 
stagnant (i.e., highly diluted with dioxide), gradually restored normal activity following either 
carbon monoxide or oxygen treatment. Similar results were obtained at a temperature of 550°. 

Experiments with mixtures of carbon monoxide and oxygen in various proportions, admitted 
to the surface for a few minutes only, showed further that the extent of enhancement or de- 
pression of activity was dependent upon the relative excess of the one or the other gas. 

(2) In the moist system, at low temperatures (< 470°), contact with either carbon monoxide 
or oxygen immediately decreased the catalytic activity of the surface. At high temperatures, 
however, the effect of such pre-treatments was negligible. Carbon dioxide was without effect 
in any conditions. 

The results in the dry system indicate that the surface, when in equilibrium with the gaseous 
mixture (2CO + O,), was covered to the extent of about 75% by an inactive layer of oxygen, 
which may be termed ‘“‘ pseudo-oxide,” formed slowly in oxygen, but immediately removed by 
carbon monoxide, and that the normal reaction occurred only on the remaining bare metallic 
surface. Despite the thermodynamic instability of silver oxide in the conditions of the present 
experiments (cf. Lewis, J. Amer. Chem. Soc., 1906, 28, 139, and Keyes and Hara, ibid., 1922, 44, 
479), there is strong evidence for the existence of such an oxide film on the surface of silver (see 
Chapman, Proc. Roy. Soc., A, 1925, 107, 92; Finch and Stimson, Joc. cit.; Benton and Drake, /. 
Amer. Chem. Soc., 1932, 54, 2186). The introduction of moisture further complicated the 
condition of the surface, and the results may be taken to indicate the formation of a strongly 
bound film of water in addition to surface oxide. 


Electrical Properties of the Surface. 


The close connexion which has previously been noted between the catalytic and the electrical 
properties of heated metallic surfaces (Finch and Bradford, Joc. cit.) prompted a thorough study 
of the changes in electrical potential and electrical activity (A and PC respectively) brought 
about by different experimental conditions. The general conclusions only can be indicated. 

The surface potential, A, was determined by two factors, (i) the state of the metallic surface, 
and (ii) the composition of the adsorbed film of gas. Thus, at a given temperature, the values of 
A were considerably higher in the early stages of the experiments than after prolonged heat 
treatment. The general trend of surface potential is shown in Figs. 3 and 4; rapid diminution 
of A was practically confined to the initial period of heating, during which the temperature of 
the metal was raised toa maximum of 580°. The most rapid diminution occurred, moreover, in 
the temperature range which Beilby (‘‘ Aggregation and Flow of Solids,’”’ London, 1921) has 
shown to be associated with the rapid recrystallisation of cold-drawn silver wire. 

Minor changes in the catalytic activity due to reaction- and temperature-normalisation 
were also accompanied by slight displacements of surface potential. Sintering at constant 
temperature was without effect; the important fact was established, however, that abrupt 
high-temperature increase of activity was invariably accompanied by abrupt increase in A 
values (see Fig. 3, Series T). 

Comparison of surface potentials in carbon monoxide and oxygen with those in the mixture 
(2CO + O,) (Figs. 3 and 4) and in other mixtures of different composition, together with the 
data on rates of charging summarised in Fig. 5, leads to a conclusion in accordance with the 
kinetic experiments, that although oxygen was the more strongly adsorbed, yet carbon monoxide 
also played an important part in the adsorbed gas film. Other observations which need not 
be further detailed confirmed the view previously advanced that oxygen was bound in at least 
two states, chemically inactive and active respectively, entry into the former of which was slow, 
even at 550°. The presence of moisture had little effect on surface potential. 

The rate of electrical charging, PC, probably because of the relatively small differences between 
the rates of charging of the three gases concerned, was comparatively insensitive to changes in 
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the composition of the adsorbed gas layer, and served primarily to indicate alterations in the 
state of the metallic substrate. Accordingly, the rates of charging of the (2CO + O,)-normalised 
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surface closely paralleled its catalytic activity. Reaction- and temperature-normalisation, 
sintering, and abrupt high-temperature increase were all accompanied by corresponding changes 
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in PC: examples will be found in the foregoing tables. There was no evidence of either en- 
hanced or diminished rate of charging during chemical reaction, the PC values of mixtures 
containing various amounts of carbon monoxide and oxygen lying proportionately between 
those of the two gases (cf. the case of gold, Finch and Bradford, Joc. cit.). The temperature 
coefficients of PC are best considered in relation to the heat of activation of the surface reaction, 
and will be dealt with from that point of view in Part II, which it is hoped shortly to submit 


to the Society. 
Fie. 5. 
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DISCUSSION. 


A number of the factors responsible for the well-known variability of the catalytic 
properties of a silver surface have emerged during the present work. The most striking 
among these is the abrupt increase in activity repeatedly observed at temperatures in the 
neighbourhood of 500°. A careful search failed to reveal the presence of impurities which 
might possibly lead to this behaviour, such, e.g., as traces of copper in the silver (cf. 
Stockdale, J. Inst. Metals, 1931, 45, 132) or of sulphur compounds in the gases employed. 
Furthermore, the effect cannot be attributed to rupture or decomposition of the pseudo- 
oxide film, since stripping of the latter by contact with carbon monoxide increased only the 
surface potential, and slightly decreased the rate of charging, whereas both A and PC 
increased simultaneously with the increase of activity at high temperatures, thereby 
indicating a change in the metallic substrate rather than independent alteration in the 
composition of the adsorbed gas film. There appears to be no satisfactory evidence for 
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any phase-modification of the bulk silver lattice at temperatures in the neighbourhood of 
500°. It is, however, only necessary in the present case that a new phase should appear 
in the surface layers of the metal, and a dynamic, rather than an enantiotropic, change is 
indicated by the experimental results. Recent work on the surface properties of several 
metals at temperatures considerably below their melting points appears to indicate that 
the stable condition of the surface layers may in certain circumstances be amorphous, and, 
moreover, that this apparent surface vitrification may even occur superimposed on a 
regular substrate lattice (see Finch and Ikin, Proc. Roy. Soc., 1934, 145, 551). Desch (J., 
1923, 123, 291, and private communication) has shown that, certainly in the case of gold, 
and probably in that of silver, surface-tension forces operate quite rapidly at temperatures 
of 700—900°, and will, for example, gradually obscure the outlines of crystal grains, re- 
placing the sharp boundaries by “surface markings which rather suggest a purely 
amorphous substance such as gelatine, than a crystalline solid.” The phenomenon was 
observed by Desch at considerably higher temperatures than the 500—550° of the present 
experiments; nevertheless, the powerful forces which must have been brought into play by 
the reactions occurring at the surface (cf. Langmuir, Trans. Faraday Soc., 1921-22, 17, 607) 
might be expected to accelerate such surface modification. 

The fact that the appearance of the state of enhanced activity was accompanied by 
increase of surface potential is strong evidence in favour of the occurrence of surface 
vitrification, since, as is well known, the polishing or cold-working of metals leads to an 
increase in the magnitudes of their Volta potentials (e.g., see Kelvin, “‘ Mathematical and 
Physical Papers,’ VJ, 110 et seq.). 


The author takes pleasure in acknowledging his indebtedness to Professor G. I. Finch, in 
whose laboratory this work was carried out. His thanks are due to Professor C. H. Desch, 
F.R.S., and to Dr. S. W. Smith for metallurgical information. 
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278. The Properties of the Chlorides of Sulphur. Part VIII. The 
Reaction of Sulphur Monochloride with Chlorine. 


By A. HERBERT SPONG. 


TuE combination of sulphur monochloride with chlorine was held by Aten (Z. physikal. 
Chem., 1906, 54, 55) to be an autocatalytic reaction, both sulphur dichloride and sulphur 
tetrachloride being considered active in catalysing the process. The incorrectness of this 
view with regard to the catalysts was apparent, however, when Beckmann (ibid., 1909, 
65, 289) demonstrated that sulphur tetrachloride is very rapidly formed from the dichloride 
and chlorine, so these two compounds should be indistinguishable under the conditions 
of Aten’s experiments, and Lowry and Jessop (J., 1931, 323), accepting the first of Aten’s 
conclusions, considered that the active catalysts were more probably S,Cl, and SCl,, 
both of which are regarded as polar. 

Closer examination reveals the fact that Aten’s experiments provide no convincing 
evidence of the existence of ‘wo autocatalysts, for the following reasons: (i) the conclusions 
are based solely on differences in the length of the induction period when reaction mixtures 
are made up in different ways, no regard being paid to the velocity of the reaction during 
its actual progress; (ii) it is by no means certain that equilibrium was attained during the 
first stage of Aten’s preparations of reaction mixtures; (iii) in view of other observations 
recorded in Aten’s paper, it is not certain that moisture was rigorously excluded, and it 
has been found in the course of the present work that this is necessary if comparable results 
are to be obtained. 

A fresh investigation of this reaction, which may be represented as S,Cl, + Cl, —> 
2SCl,, therefore appeared desirable, and the experiments described in Part VII (this vol., p. 
485) ee a means by which this might be made, since if sulphur chloride mixtures of 

Q 
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various compositions were heated at 100° for one hour and then rapidly cooled, the active 
intermediate compounds should be present in concentration depending only on the com- 


Fic. 1. 
Retarded reaction in impure mixture. 





L— | Normal course 


L 











ao" 


1000 2000 3000 4000 
Time, minutes. 


Fie. 2. 
First-order course of reaction in mixtures of high chlorine content, 


























0 
0 




















Curve I.-71-2 atoms % Ci at 0° 
» I. f no» » 
» » 255° 
» ” 0° 
» 335° 





\ 





IIT 


























‘0 
0 1000 2000 _ 3000 4000 5000 
Time, minutes. 


position of the mixture, and the variation in the velocity with which the low-temperature 
equilibrium is re-established should yield definite information as to their character. 
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Preliminary experiments with a series of mixtures prepared according to the methods 
employed in earlier work (e.g., Part I, J., 1927, —s. 
746) gave reaction rates which, although con- _,,,., , of density changes in mixtures of low 
sistent amongst themselves, were much lower chlorine content. 
than the rate found for the corresponding 
reaction in Part VII (loc. cit.). It was sus- 
pected that this second series might have been 
exposed to moist air during preparation, and 
a new technique for the preparation of 
mixtures was therefore developed. When, 
with the new apparatus, moist air was 
admitted during the preparation of a mixture, 
the results shown in Fig. 1 were obtained, 
the reaction showing an induction period, 
although the autocatalyst must have been 
originally present. Other examples of negative 
catalysis by moisture, although rare, are not 
unknown (cf. Moelwyn-Hughes and Hinshel- 
wood, Proc. Roy. Soc., 1931, A, 181, 177). 
Results obtained with pure mixtures have 
been found to be completely compatible with 
that of Part VII, which has been included 
with them in Table I. 1 , 
The course of the reaction in mixtures 20 Thane je - 60 
rich in chlorine is exactly similar to that , : 
represented in Fig. 1 of Part VII. The first-order nature of this reaction is demonstrated 
Fic. 4 by the straight lines shown in Fig. 2, 
First-order course of reaction he siletinin of low chlorine waere log(T — T;) is plotted against 
content. time (7 = extrapolated final flot- 
ation temperature, and T; = flotation 
Curve I.-54-0 at.% Cl at 0° temperature at time 7). When, how- 
© L-HO eo of ever, the chlorine content is low, and 
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the mixture therefore contains much 
free sulphur monochloride, the more 
complex density changes represented 
in Fig. 3 are observed. These can be 
recognised as due to the normal re- 
establishment of the dichloride equi- 
librium (Part VII, Fig. 1) proceeding 
simultaneously with the ‘‘ catalysed ” 
restoration of equilibrium in the free 
monochloride present (Part VII, Fig. 
3, Curves IT and III), and a slight 
fall of velocity coefficient often found 
near the end of experiments on 
chlorine-rich mixtures is probably to 
be ascribed to the same cause. The 
two reactions thus vary in rate in a 
similar manner, and the same catalyst 
must therefore be active in both. It 
has not been found possible to analyse 
these density changes completely, 
probably on account of experimental 
5 Thee’ minaitie, ad 20 errors during the later stages of the 

reaction, but since the fall in density 

due to the monochloride reaction alone would be very nearly linear with time over the 
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period during which density rise is actually observed, the velocity coefficients for the 
dichloride reaction were calculated by treating this density rise as an uncomplicated 
first-order reaction and extrapolating the end value in the usual way. That this procedure 
was justified is shown by the straight lines in Fig. 4, obtained by plotting logarithms as 
in the less complicated reactions. 

The results of all these experiments are summarised in Table I, and the first-order 
velocity coefficients observed at or near 0° are plotted in Fig. 5, where the broken line 
shows on an arbitrary scale the variation of the product [SCI,][S,Cl,], which must be a 
measure of the concentration of S,Cl, in the mixture, since the equilibrium S,Cl, == 
S,Cl, + SCl, must be obeyed. 

TABLE I. 


Reaction velocities in sulphur chloride mixtures. 
ay. of ar of 
Cl, mixtureat Temp. Density Cl, mixtureat Temp. Density 


atoms” equil. at of of 10°, atoms equil. at of of 108k, 
%. 15°. reaction. float. min.~}. %. 15°. reaction. float. min}. 
54°0 1-70073 —2°15° 1-70400 127 64:3 166511 00° 1°66672 3°41 
14°5 167702 203 33°5 160128 51:7 
19°8 166762 283 67:0 1-65671 ’ 165578 2°74 
57°9 168576 —0°05 1°68592 205 71-2 1°63386 , 164260 0°24 
14:0 166258 172 : 1°62027 0°43 
59°8 1-68077 —3-0 168592 156 25° 158230 2°04 
63°3 166870 0°8 166762 6°00 


The identity of the position of the two maxima in Fig. 5 shows clearly that S,Cl, alone 


is active in promoting the reaction, and the main course of the change is therefore to be 
Fic. 5 regarded as proceeding by means of consecutive 


First-order velocity coefficients at 0°. reactions 
(1) S,Cl, + SsCl, —> 2SCl, + S,Cl, 
200 . (2) SsCl, + Cl, —> S,Cl, 


Evidence was presented in Part VI (J., 1933, 
1547) indicating that reaction (2) must be 
rapid, and reaction (1) is therefore the slow 
process which controls the rate. It follows that 


— d[S,Cl]/dt = MS_Clg]fS,Cl,]. 


The reaction has, however, been shown to 
be of the first order. This might be due to 
surface effects, although these are not usually 
important in reactions in liquid systems. The 
experiments recorded include measurements 
made in tubes of different glasses and of 
different diameters, and since no discontinuities 
50 65 are found in the series, this explanation can 
Cl. atoms %. be excluded. A second possibility is that the 
, rate is controlled by dissolution of chlorine 
from the gas phase, which would be a unimolecular process, but if this were the case, the 
high reaction rates observed in mixtures of low chlorine content would be impossible. 
It is therefore necessary to assume that the S,Cl, concentration is kept constant by 
reaction (2) and that the first-order velocity coefficients recorded in Table I are given by 
k’ = R{S,Cl,]. | 

These velocity coefficients are the net coefficients for a reversible reaction, and it has 
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hy ; 
been shown that for a process such as A == B the observed constant calculated in a 


hy ; 
similar way to those here discussed is given by Reps, = &; + %2- But from previous work 
(Part II, J., 1929, 1421; Part VI, Joc. cit.) it is known that for the sulphur chloride reaction 
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k,/k, is not greater than 0-02, which is of the same order as the experimental error. Hence 
hops. = &, approx., and no correction for the reversibility of the reaction has been thought 
necessary. 

The true bimolecular velocity coefficients can thus be obtained by dividing the observed 
constants by the concentration of S,Cl,. Unfortunately, there is so far no independent 
method of estimating the equilibrium constant of the reaction S,Cl, == S,Cl, + SCI, 
which has been used in Fig. 5 to indicate the variation of the S,Cl, content of the mixtures. 
There is, however, an alternative method by which an approximate estimate of its con- 
centration can be obtained. The results of Part VI (/oc. cit.) indicate that normal sulphur 
monochloride is dissociated into S,Cl, and S,Cl, to the extent of about 2 mols. %, while 
the results of Part VII, together with the approximate density calculations there referred 
to, show that this dissociation is increased on heating, while at the same time some of the 
S,Cl, is decomposed into monochloride and dichloride, and further they permit a rough 
calculation of the extent to which both these changes will proceed in the course of one 
hour at 100°. Finally, some of the S,Cl, produced will react with the chlorine present in 
the mixtures, and it may be supposed that in presence of a large excess of chlorine, practic- 
ally all the S,Cl, will be converted into S,Cl, at all temperatures, but that in mixtures of 
relatively low chlorine content the combination will proceed to a less extent varying with 
temperature in a way which cannot be determined. An estimate of the extent of combin- 
ation in such mixtures may be made by comparing the values of the product [S,C1,][SCl,] 
in them with those for mixtures where combination is regarded as complete. The results 
are : 

Cl, atoms, % 57°9 59°8 63-3 64:3 67-0 71-2 


Mol.-fraction of S,Cl, 0°005 0°0065 0-006 0:0035 0:003 0°0016 0-0007 
[S,Cl,][SCl,] 0°202 0°240 0-223 0°157 0°136 0-076 0°033 


The bimolecular velocity coefficients can now be deduced by means of the expression 
k = F' [[SgCl4] = kM /ms.oup 


where #s,o,, = mol.-fraction of S,Cl,; p = density of mixture in g. per litre; M = mean 
molecular weight of the mixture = m,9,Ms,o,, + ™sa,.Vso,, + MaMa. The results are 
shown in col. 3 of Table IT. 


TABLE II. 
Bimolecular velocity coefficients. 
Velocity coefficients, litres/g.-mol./min. 





€ 


Obs. Calculated. 
Rexptl.- Formula (3). Formula (4). 
Cl, Temp. of Reale. 
atoms %. eaction, ° K. Reatow Rexptl. 
54:0 270°85 1°87 23 12 57 
287°5 3°04 78 26 210 
292°8 4°26 114 27 310 
57°9 272°95 2°20 il 50 34 
287 1°88 33 18 110 
59°8 270 1-76 5°6 3°2 21 
63°3 273°8 O-1l 3°8 35 16 
64°3 273 0:073 2-9 40 12 
306°5 1°15 44 38 200 170 
67°0 273 0°107 1°8 17 89 83 
712 273 0:020 1-2 60 6°8 340 
280 0°037 . 2-1 57 12 320 
298°5 0°178 10 56 58 330 


Reaic.- 


The wide variation in the experimental velocity coefficients indicates that there is 
still another factor influencing the reaction, and the difference in the shapes of the two 
curves in Fig. 5 also points to the same conclusion. Moreover, if an attempt is made to 
determine the energy of activation by plotting In k against 1/T, the three values for the 
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mixture containing 71-2 atoms % of chlorine lie, not on a straight line, but on a curve 
as shown in Fig. 6. (A-similar curve is given by the three values for 54 atoms °% chlorine.) 
The apparent energy of activation thus changes with temperature, and its value under given 
conditions must be obtained by drawing the appropriate tangent to the curve. If a 
similar process is carried out for other mixtures, it appears that the apparent energy of 
activation for any one temperature decreases as the chlorine content of the mixture is 


reduced. 
Fic. 6. 


Relation between velocity coefficient and temperature. (The radius of the 
dots is roughly equal to the probable error.) 
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The explanation of this phenomenon is found in the fact that S,Cl, is to be regarded 
as ionic, and is probably completely dissociated, or almost so, under the conditions of 
these experiments. Reaction (1) of p. 1286 then proceeds in two stages : 


(a) S,Cl, + Cl- —» SCI, + SCI- 

(b) SCI- + S,Cl,* — > SCI, + S,Cl,. 
It is obvious that (b) will be much more rapid than (a), which is therefore the actual rate- 
controlling step. 

Now, it has been tacitly assumed in much of the previous work on reactions in liquids 
that a reaction between an ion and a neutral molecule is not affected by electrostatic 
factors, and this view appears to be implicit in the treatment of such reactions by Moelwyn- 
Hughes (‘‘ Kinetics of Reactions in Solution,’’ Oxford, 1933, pp. 181, 199). Although 
this may be true of symmetrical molecules or in a medium of high dielectric constant 
such as water, yet it will probably not be so when the reacting molecule is unsymmetrical 
and the dielectric constant of the medium relatively low. 

It was shown in Part VII that sulphur monochloride is probably a mixture of two 
different structural forms, and there are therefore two possible modes of attack by chlorine 


ions : 

Cl 

(i) 

, ia . 
(ii) Ss +Cl- 
Cl 

In (i) the positive end of the dipole is being attacked, and in (ii) the negative. In the 
latter case the bond may be regarded as being ruptured by the chlorine ion repelling the 
two electrons forming the link towards the central sulphur atom; the energy required 


to bring this about would then be equal to the electrostatic energy of the bond. 
The distribution of ions round such dipoles will not be uniform, and by applying the 
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methods of Debye and Hiickel (Physikal. Z., 1923, 24, 185, 334; cf. A. A. Noyes, J. Amer. 
Chem. Soc., 1924, 46, 1080) to such a system, it is found that the concentration m’ of negative 
ions in an element of volume near a dipole is given by n’ = ne‘’'*”, where n is the average 
concentration of the ion in the bulk of the liquid, ¢ the electronic charge, & the Boltzmann 
constant, J the absolute temperature, and V the average potential in the element of 
volume considered, which is given by 
V = [(u cos 8)/Dr*](1 + Br)e~* 
where pu is the moment of the dipole, 6 the angle of orientation of the element of volume 
to the dipole (see inset), D the dielectric constant of the medium, 7 the mean 
1K distance of the element of volume from the centre of the dipole, and B the 
*: familiar Debye—Hiickel term defined by 


4 B® = 4ne2D(cz®) /DkT 
where c is the concentration of an ionic species in single ions per c.c., and z its valency. 
(The expression for V here given cannot be regarded as entirely satisfactory, but having 
regard to the difficulty of representing the field round a free dipole, the particular solution 
of the Poisson equation employed appears to be the most suitable.) 
Now since Br is very small, we may neglect all terms involving higher powers than the 
first, and 
V = pcos (1 + Br)(1 — Br)/Dr* 
= uw cos 81 — (Br)*]/Dr* 
«. (u cos @)/Dr* 


It follows that if Z is the collision number calculated by one or other of the ordinary 
formule (Moelwyn-Hughes, of. cit., p. 28) without regard to the unsymmetrical nature 
of the distribution, the velocity coefficient of the reaction will be given by 

k= Zevere—ERT 


eee ee ee ee 


where Ng is Avogadro’s number and E the true energy of activation of the reaction (idem, 
ibid., p. 195). Now the experimental results of Lowry and Jessop (Part III, J., 1930, 
782) show that over a wide range of temperatures the dielectric constants of sulphur 
chloride mixtures are represented by D = Ae", where A and m are constants character- 
istic of the particular mixture. The apparent energy of activation of the reaction is 
therefore given by 


Expy, = RT? In k/dt 
4 ee SS ere 


The values of the constants for the different mixtures studied are such that the observed 
variation of the apparent energy of activation with composition (see p. 1288) can only 
be realised if the term NgtV (mT — 1) is positive, while under the conditions of the experi- 
ments here described, the factor (mT — 1) is always negative. Hence the values of V 
concerned must also be negative, 7.¢c., cos 8 must be negative and ® must lie between $x 
and ~. The average value of cos 6 for this range is — 0-637. It follows that it must be 
the negative end of the dipole which is attacked, and the primary mechanism is therefore 
according to scheme (ii) of p. 1288. This fact, which at first sight seems improbable, is 
possibly due to the rupture of the bond between the sulphur atoms requiring less energy 
in this mechanism than in any other; it can, in fact, be easily shown that the electrostatic 
energy is probably least in this case. 

In order to make further calculations, it is necessary to know the values of u and r. 
The former is seen to be, for the mechanism proposed, the effective moment of the semi- 
polar double bond between the two sulphur atoms, which cannot, at present, be estimated. 


It will probably not be very different from the moment of the link >§ — O which has 
been stated by Hampson, Farmer, and Sutton (Proc. Roy. Soc., 1933, A, 148, 147) to be 
2-63D. This value has therefore been used in the calculations. 
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The value of y must vary with 6, since the molecule is not spherical. It has been 
taken, as a first approximation, to be a cos 6 + b, where a is the diameter of the sulphur 
atom and 6 the radius of the chlorine ion (Sidgwick, Ann. Reports, 1933, 30, 117). This gives 
a mean value of 3-16 A.U. 

When these values, together with the appropriate values of D, m, and T and two values 
of the apparent energy of activation obtained from curves similar to that of Fig. 6, are 
substituted in equation (2) above, the true energy of activation is found to be (i) 13,100, 
13,500, mean 13,300 cals./g.-mol., (ii) 11,600, 12,100, mean 11,850 cals./g.-mol., according 
as allowance is or is not made for the variation of free space with temperature. These 
are possible values for the electrostatic energy of the semipolar double bond given the 
moment assumed, the former requiring the plausible bond polarisability 3-75 x 10-4 c.c., 
the latter 4-21 x 10° c.c. (cf. Waters, J., 1933, 1551). These values of E may now be 
substituted in equation (1). 

The values of Z may be calculated in two ways, either from an expression deduced by 
a treatment similar to that given by Moelwyn-Hughes for the catalysed inversion of cane 
sugar (Phil. Mag., 1932, 14, 112), which leads to 


Z = 60 x 2:9 x 10%cgn/NMyy . . . . . - (3) 


in which allowance is made for the variation of free space with temperature, or from the 
ordinary formula for bimolecular gas reactions 


Ms.on + Mor\*/os.01. + sor 
Ms,on - Hig) ( 2 ) p+ 


in which no such allowance is made. [og, = diameter of chlorine ion, og, = that 
(estimated) of sulphur monochloride molecule ; Mo, = molecular weight of chlorine ion; 
Msz,o, = that of sulphur monochloride; N = total number of g.-mols. per litre; » = 
viscosity of reaction mixture. The viscosities of a few mixtures were measured at several 
temperatures, and the remainder have been interpolated; it is hoped to extend these 
measurements and to record them at a later date.] The factor 60 occurs in both formule 
since the unit of time employed is the minute. 

The velocity coefficients thus calculated are recorded in cols. 4 and 6 of Table II, 
and cols. 5 and 7 give the ratios of the calculated to the experimental values. It will 
be seen that in the absence of excess chlorine, which would minimise the effect of temper- 
ature on the S,Cl, concentration, neither formula is successful in representing the variation 
of the reaction velocity with temperature. If, however, in the mixtures of low chlorine 
content, attention is confined to velocity coefficients measured at temperatures near 15° 
(for which the estimated S,Cl, concentrations are most likely to be correct) the values in 
col. 5 are all of similar order. The variation observed in these ratios is not unreasonable 
when it is borne in mind that no arbitrary constant has been employed in the calculations, 
but that the values of » and r are necessarily subject to some uncertainty. 

This result makes it highly probable that the mechanism here proposed is correct, and 
also indicates that, in this reaction, allowance must be made for the variation of free 
space with temperature, although neither reactant is considered to be present in any large 
concentration. The high values of the ratio recorded in col. 5 are consistent with the 
view that the active Y-shaped form is only a small portion of the total monochloride 
present. 

No effect which can be ascribed to sulphur tetrachloride has been observed, and since 
this compound would also probably yield chlorine ions, this result supports the view 
previously expressed that it is not present in the liquid state. 





Z = 60 x 5-71 x 10°574( 


EXPERIMENTAL. 


The reaction tubes were filled by means of the apparatus shown in Fig. 7, which is based on 
that of Maass (e.g., Maass and Russell, J. Amer. Chem. Soc., 1918, 40, 1847). The tube G con- 
taining the floats, having been thoroughly cleaned and dried, was weighed and connected to 
the apparatus by means of the ground joint H. The whole was then exhausted completely by 
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a mercury-diffusion pump. The right-hand side—the sulphur monochloride distillation section 
—was then filled with dry air; the tap T being closed. The flask N was opened at O and 
charged with sulphur monochloride to which had been added 1% of recrystallised sulphur and 
1% of ignited charcoal. The flask was then again sealed at O, and the monochloride distilled 
into the graduated tube L. During this distillation, the apparatus was continually evacuated 
by the water-pump in order to remove gaseous products of hydrolysis of sulphur monochloride, 
but the vapour of the monochloride itself was condensed by means of solid carbon dioxide placed 
in the funnel K. 

The graduation of the tube L enabled an approximate estimate to be made of the amount 
collected, and when a sufficient quantity had been obtained, the distillation was stopped, and 
the flask and condenser sealed off at the constriction M. The distillate in L was now frozen in 
liquid air, and the mercury pump started. When evacuation was complete, the liquid air was 
removed from the tube L and placed below the reaction tube G, so that the monochloride 
distilled slowly into this tube. The tube L was then sealed off at the constriction J. 


Fic. 7. 
Apparatus for filling reaction tubes. 
Detail of (- 
tap. 
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Meanwhile, chlorine from a purification train (Part VI, Joc. cit.) was condensed in the trap A 
over liquid air. This chlorine was then fractionated, the head and tail portions being allowed 
to escape to the flue, and the bulbs B being filled from the middle fraction. The volume of the 
bulbs B, and also of the connecting tubing as far as the constriction J, had previously been 
determined by measuring the pressure produced when air at atmospheric pressure in the bulb C 
was allowed to expand into the evacuated apparatus. The volume of C was found by measuring 
with a gas burette the air required to fill it to atmospheric pressure. 

The pressure of the chlorine was now measured by means of the bromonaphthalene gauge D, 
which was balanced by either exhausting or admitting dry air, the pressure of which could be 
read on the mercury manometers E. The tap T was now opened, and the chlorine admitted to 
the tube G. The trap F was cooled in solid carbon dioxide and ether in order to condense any 
volatile products of the action of chlorine on the tap-grease or on bromonaphthalene or any 
vapour of the latter itself. A faint film was observed in this trap after several weeks’ working 
of the apparatus. The condensation of the chloride was followed by the change in pressure, 
and when the desired quantity had been withdrawn from the bulbs, the tap T was closed. 
After allowing time for all the chlorine in F to distil into G, this tube was sealed off and set aside 
to attain room temperature and reach equilibrium. It was then again weighed together with 
the part sealed off. 

The ground joint and all taps were lubricated with Shell-Mex Apiezon Grease “‘ L,” the taps 
being made of the special form shown, a modification of those described by Trautz (Z. Elekiro- 
chem., 1929, 35, 110), in order that, the well R being full of grease, adequate lubrication would 
be ensured with only the thinnest possible film of grease in the barrel of the tap. 

It should be possible to calculate the weight of chlorine added directly from the observed 
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pressures and the known volumes. This was tested by several experiments on the condensation 
of chlorine alone in weighed tubes. The amount condensed was found to be about 98% of that 
calculated, and to vary slightly with differences in manipulation. The loss is believed to be 
due mainly to slow reaction with the grease or the bromonaphthalene. It is thus possible to 
calculate the composition of the mixture with a fair degree of certainty from the two weighings 
and the pressure readings. 


SUMMARY. 


1. The reaction between sulphur monochloride and chlorine has been studied in 
mixtures of diverse composition by methods previously described. 

2. It is shown that the reaction velocity is markedly influenced by the concentration 
of S,Cl,. 

3. The admission of moisture has a strong retarding effect. 

4. The primary mechanism is probably ionic, the chlorine ion attacking the negatively 
charged sulphur atom in the Y-shaped form of the monochloride. The mechanism then 
becomes : ~ 
(i) S,Cl, + Cl- —~> SCl, + SCl 
(ii) S,Cl, + SCl——> SCI, + S,Cl, 


(iii) S,Cl, + Cl, —> S,Cl, + CI- 


5. It is found necessary in calculating velocity coefficients to make allowance for the 
variation of free space with temperature. 

6. The energy of activation is found to be of the same order as the electrostatic energy 
of the semipolar double bond which is ruptured in stage (i) of the process. 


The author is indebted to the Council of Trinity College, Cambridge, for a grant from the 
Rouse Ball Research Fund, to Professor T. M. Lowry, C.B.E., F.R.S., for his interest in this 
work, to Professor J. E. Lennard-Jones, F.R.S., for advice in connexion with the theoretical 
treatment of the problem, and to Dr. E. A. Moelwyn-Hughes for helpful suggestions made 
while the paper was being prepared for publication. 
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279. Equilibrium Constants in Terms of Activities (Cryoscopic). Part IV. 
The Dissociation of p-Toluidine o-Tolyloxide in Benzene and in 
p-Dichlorobenzene. 


By H. M. Grass and W. M. Mapein. 


In earlier parts of this series (this vol., p. 261 and earlier references) it was found that 
pyridine and quinoline o-chlorophenoxides have the same heat of formation, and this was 
ascribed to the existence of a co-ordinate linkage between the nitrogen atom in the base 
and the hydrogen in o-chlorophenol. Without apparently altering the co-ordinate link, 
the effects of substitution may be studied by considering such a molecular compound as 
that of #-toluidine and o-cresol (Pushin and Sladovic, J., 1928, 2474), in which CH, is 
substituted for Cl, and the base is primary instead of tertiary. 

MacLeod (Trans. Faraday Soc., 1934, 30, 482) has calculated heats of formation of 
several similar o-chlorophenoxides and finds widely varying values: also, the value for 
any one compound decreases considerably with rise of temperature. He considers the 
values for the highest temperatures to be the most reliable, and these approach most 
nearly to the values found by us. 

The object of the present investigation was to determine whether compounds of these 
types all contain the same fundamental linkage. 
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EXPERIMENTAL. 


p-Toluidine was recrystallised twice from dry ligroin, dissolved in ether, and kept over 
potassium hydroxide for several days; after evaporation of the ether, the p-toluidine was 
distilled under reduced pressure; m. p. 43°5°. o-Cresol was purified as by Dawson and 
Mountford (J., 1918, 118, 923); m. p. 30-5°. Other substances were as before (/oc. cit.). 

Binary Systems.—As before (loc. cit.), it was necessary that the solutes selected should form 
eutectic systems with both of the solvents. The four binary systems formed by the two solvents 


Fie. 1. 
Freezing point-composition diagrams. 
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with p-toluidine and with o-cresol were therefore first investigated and found to be of the 
eutectic type (see Fig. 1). The methods of investigation were as previously described (this 
vol., p. 260) and, whenever possible, the melts were inoculated with the appropriate solid phase 
to prevent supercooling. It was possible to isolate solid phases from most melts (cf. Fig. 1), 
and the m. p.’s of these solids showed that they were practically pure components, thus 
confirming the eutectic type. 

Activity Coefficients —Tables I and II give the results of the present work, and the 
experimental cryoscopic method was as before (Joc. cit.). Fig. 2 shows certain similarities to 
previous results (loc. cit.). For instance, in p-dichlorobenzene solutions, certain activity 
coefficients are greater than unity and, in both solvents, 4, values are markedly low. These 
apparent abnormalities are discussed below. 
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TABLE I. 


Activity coefficients for p-toluidine and o-cresol as solutes. 
(M = Molar ratio of solute; AT = depression of freezing point.) 


p-Toluidine as solute. 
Benzene solutions. p-Dichlorobenzene solutions. 


10M. AT. Ya- 10°M. AT. Ya: 10°M. AT. Ya- 10°M. AT. Ya- 
0°657 0°043° 0-997 13°49 0°866° 0-963 1:253 0-061° 1:°002 15°90 0°759° 0-983 
15547 0-101 0°994 14°37 0-921 0-961 1-745 0°085 1°003 17°38 0°826 0°977 
1776 0-116 0°994 14°89 0°954 0°960 2°505 0-122 1:004 18°94 0°897 0°972 
3°254 0-212 0°990 16°91 1081 0°956 3°182 07155 1:°005 20°19 0°953 0°968 
4611 0°300 0°987 19°80 1-262 0°950 4189 0-204 1:006 22-08 1:037 0°96] 
5610 0°364 0°983 22°92 1-456 0°944 5°524 0°269 1:°007 24°39 1139 0°952 
6953 0°450 0-978 26°13 1656 0°940 7215 0-351 1:006 27°20 1264 0°944 
7:949 0514 0-976 29°75 1879 0°934 8°589 0°417 1:003 30°97 1-430 0°933 
9236 0596 0-973 31°94 2-014 0°931 10°69 0°517 O-'999 34°47 1584 0°924 

10°66 0°687 0°970 37°27 2°339 0°923 12°52 0°603 39°08 1784 0-912 

12°24 0°787 0°966 14°28 0°685 45°36 2°056 0°898 


o-Cresol as solute. 
10°M. AT. yB- » ~ er YB. 10°M. AT. . 10M. AT. YB- 
1012 0°066° 0-992 1°031° 0°895 0°945 0°046° 1- 17°44 0°823° 0:97 
1-462 0°095 0°986 1:137 0°884 1-662 0-081 “ 18°86 0°885 0°963 
2-758 0-179 0-981 1-264 0°873 2-787 0°136 ‘ 19°78 0°925 0°958 
3°483 0°225 0°974 1-392 0°861 3°422 0°167 ° 21°44 0-997 0°950 
4°424 0°285 0-968 1-468 0°854 4:490 0°219 . 24:16 1°113 0°937 
5°877 0°377 0°959 1-616 0°841 5°480 0°267 26°92 1228 0-923 
7336 0-468 0°949 1-752 0°831 6°827 0°332 . 29°29 1326 0-912 
9°45 0°598 0°935 1942 0°815 8330 0°404 . 31°34 1°411 0°903 
10°28 0°649 0-931 2-110 0-802 10°01 0°483 . 35°44 1°581 0°887 
11°79 0°740 0°921 2-364 0°783 11°54 0°555 . 39°20 1°735 0°874 
13°56 0°846 O°911 13°73 0°656 43°12 1896 0-862 
16°15 0-766 


TABLE II. 


Equilibrium constants and activity coefficients for benzene and p-dichlorobenzene solutions of 


p-toluidine o-tolyloxide at molar ratio = M. 
(ya, ys, and yan = activity coefficients of p-toluidine, o-cresol, and undissociated complex respectively.) 
Benzene solutions. 

10°M. AT. Kg. y- Ya: YB- YAB- 10°M. AT. Ke Y- Ya- YB- YAB- 
0°323 0°042° — 0-987 — — — 9°257 1-065° 31°06 0-773 0°978 0°949 0°867 
0°807 07104 — 0968 — _ — 10°10 1°148 31°41 0°757 0°977 0°945 0°853 
1:248 0°160 31°26 0°958 0°996 0-992 0-993 11°63 1-298 31°54 0°731 0°974 0°939 0-831 
1-514 0°193 32°19 0-949 0-995 0-990 0-992 13°21 1°447 31°34 0°706 0°972 0°934 0-797 
2°023 0°256 32°44 0°933 0°994 0-986 0-988 14°85 1:598 31°13 0°683 0°969 0-927 0-771 
3°064 0°382 32°41 0°903 0°990 0-980 0-973 16°96 1°782 31°40 0°653 0°967 0-921 0°739 
3°884 0°479 31°86 0°883 0-989 0-974 0-963 18°94 1°954 31:27 0°630 0°965 0°916 0°713 
4°045 0°497 32°27 0°878 0°988 0-973 0°955 21-70 2°180 31°15 0°600 0°962 0°910 0-678 
4°759 0°579 32°22 0°861 0°987 0-970 0-945 25°06 2°441 31°28 0°566 0°959 0°903 0-642 
5°299 0°639 32°48 0°847 0°986 0-968 0-930 27°81 2°650 31°16 0°543 0°957 0°897 0-616 
6°381 0°760 31°86 0°825 0-983 0-962 0-919 31°68 2°928 31°19 0°512 0°954 0°889 0°585 
7°219 0°852 31°63 0°809 0-981 0°957 0-906 36°47 3°255 31°38 0°480 0°951 0°881 0°553 
8188 0°953 31°79 0°789 0°980 0°953 0°885 


p-Dichlorobenzene solutions. 

12°87 1-194 
14°21 1-312 
15°47 1-421 
17°67 1-608 
19°26 1-741 
20-75 1°865 
23°81 2-116 
27°53 2-410 
30°54 2°639 
34°82 2-958 
8°833 0°833 0-952 37°60 3°157 0°775 0°930 
10°82 =1°013 0-938 41°28 3°422 0°757 0°922 


Average values of K,: in benzene, 31°64; in p-dichlorobenzene, 6°42. 


0°924 0-996 
0-915 0°993 
0-906 0-990 
0-891 0-983 
0°881 0-978 
0°872 0-973 
0°852 0-962 
0°830 0-952 
0°812 0-945 
0°789 0-936 


0-998 
0°995 
0-992 
0-989 
0-982 
0-979 
0-975 
0-970 
0-965 
0°958 


0°710 0°069 
1331 0°129 
2068 0°200 
2°694 0°260 
4152 0°399 
4711 0°452 
5°383 0°515 
6°047 0°577 
6°867 0°653 
7°895 0°748 
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Heat of Formation of p-Toluidine 0-Tolyloxide.—The average values of K, (Table II) have 
been applied in the isochore (cf. this vol., p. 260); whence Q = — 6000 cals., and the reaction 
is exothermic (T, = 277-4°; T, = 324-7°). This differs from the value (Q = — 6800 cals.) 
previously found for pyridine and quinoline o-chlorophenoxides. 


Fic. 2. 
Molar ratio (M). 
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A. Benzene solutions. B. Dichlorobenzene_solutions. 


I, p-Toluidine (ya); II, 0-cresol (yg); III, p-toluidine and o-cresol together in solution (y) ; 
IV, p-toluidine o-tolyloxide, undissociated (yap). 
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DISCUSSION OF RESULTS. 


The values of K, (Table II) are as consistent as, but much less than, those already 
reported (loc. cit.) for o-chlorophenoxides ; evidently the tolyloxide is dissociated to a much 
greater extent than the chlorophenoxides. This accords with the views of Buehler, Hisey, 
and Wood (J. Amer. Chem. Soc., 1930, 52, 1939), who consider that such substitution of 
a methyl group for chlorine lowers the stability of molecular compounds. 

As in earlier parts of this series, the solvent p-dichlorobenzene is, again found to give 
dilute solutions in which the activity coefficients of single solutes exceed unity (Fig. 2, B). 
If p-dichlorobenzene exhibits dipole association (cf. Martin and George, J., 1933, 1413), 
this should virtually increase the molecular concentration of the solute and hence increase 
its activity. In more concentrated solutions, the dipole association of the solvent will be 
reduced by dilution and, simultaneously, the solute will tend to associate. Both of these 
effects should tend eventually to depress the activity coefficients of the solutes below 
unity (e.g., Fig. 2, B, curve I). 

As before (loc. cit.), yan values (Fig. 2, curves IV) are markedly low. If undissociated 
compounds of the type AB are of the polar character previously suggested, their low 
activity in solution may then be due to strong dipole association (cf. Bury and Jenkins, 
this vol., p. 688). 

The difference (800 cals.) between the heat of formation of #-toluidine o-tolyloxide 
and the o-chlorophenoxides is due to the different characters of #-toluidine and o-cresol 
compared with the bases and phenol previously used. As judged by ionisation constants 
(Landolt-B6érnstein, “‘ Tabellen,” 1927), the bases quinoline, pyridine, and #-toluidine 
have the same character, but o-cresol and o-chlorophenol are very different. Therefore, 
there seems some justification for attributing the marked difference in heat of formation, 
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now under discussion, to this dissimilarity of these phenols. In terms of the theory of 
Allan, Oxford, Robinson, and Smith (J., 1926, 402), this dissimilarity evidently means that 
the phenolic hydrogen in o-chlorophenol is more positive than that in o-cresol, and con- 
sequently the former hydrogen atom would tend to form a stronger co-ordination link 
with nitrogen (see this vol., p. 263). This would be expected to give a greater heat of 
formation for o-chlorophenoxides. Incidentally, if o-chlorophenol is chelated (Sidgwick 
and Callow, J., 1924, 125, 527), it might be expected that energy absorbed in breaking 
down the chelate ring would reduce the exothermic heat of formation with a base, so that 
it is less than in the case of o-cresol (unchelated) and a base. That the respective heats 
of formation differ in the opposite sense may therefore be due to absence of chelation in 
o-chlorophenol. 

Values for heats of formation of covalent links (Amn. Reports, 1931, 28, 401) include 
N-H = — 90,000 cals., and this differs markedly from the heat of formation discussed 
here (viz., — 6000 cals. approx.). If our assumption (Joc. cit.) of a co-ordinate link NH 
is correct, it would involve two co-ordinate electrons occupying a second quantum group 
in the hydrogen atom (Sidgwick, “‘ The Covalent Link in Chemistry,” 1933), and this should 
require less energy than the formation of a covalent link with electrons only in the first 
quantum group of the atom. von Elbe (J. Chem. Physics, 1934, 2, 73) has calculated the 
heat of formation (—11,000 cals.) of dimeric n-alcohol molecules, which are thought to 
contain the group O~H (Sidgwick, Z. Elektrochem., 1928, 34, 450). On the other hand, 
the covalent link O-H has the value — 110,000 cals. (loc. cit.). It thus appears that the 
heat of formation of a co-ordinate link involving hydrogen is only about 10% of that of 
the corresponding covalent link. 

SUMMARY. 


The true equilibrium constant, Kz = a,3/@,ap, has been calculated for the dissociation 
of -toluidine o-tolyloxide in benzene and in #-dichlorobenzene. Thus, two average 
values of K, have been found for the two mean temperatures, T, = 277-4° and T, = 324-7°, 
and the van ’t Hoff isochore has been applied to calculate the heat of formation (Q = — 
6000 cals.) of the complex. 

The difference between this value and that already reported (— 6800 cals.) for o-chloro- 
phenoxides has been discussed, and an explanation suggested in terms of the general 
electronic effect of substituting CH, for Cl in phenols. 

Heats of formation of covalent and co-ordinate links are discussed. 


One of us (H. M. G.) is indebted to the Council of Armstrong College for a Pemberton Research 
Studentship. 
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280. cis—trans-[somerism in Hydrindene Derivatives, and its Relation to 
the Walden Inversion. Part I. 


By D. H. Peacock and B. K. MENon. 


THE configuration of 1-hydroxyhydrindene-2-acetic acid, whose preparation is described 
below, is readily determinable by the ease of lactone formation of the two isomerides, 
and similar considerations should apply to the corresponding amino-compounds and 
related lactams which we attempted to prepare in order to study the Walden inversion. 
Although these attempts have failed, our experiments have provided a number of examples 
of cis-trans-isomerism in the hydrindene series and of geometrical inversion in those 
compounds, as well as some examples of inversion at the carbon atom in the «-position to 
a carboxyl group. One case of cis—tvans-isomerism in this series has already been described 
by Blum-Bergmann (Amnalen, 1932, 492, 277), who prepared methyl 1-phenylhydrindene- 
3-carboxylate in a solid and a liquid form; only one form of the corresponding acid was 
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found. Geometrical inversion in the compounds now described corresponds to a Walden 
inversion in an ordinary, open-chain, optically active compound (cf. Noyes and Taveau, 
Amer. Chem. J., 1906, 35, 385). 

1-Hydroxyhydrindene-2-acetic acid (I) was first prepared by one of us (D. H. P.) in 
1913 from 2-bromo-1l-hydroxyhydrindene (Pope and Read, J., 1912, 101, 760), and probably 
has the ¢vans-structure (I) because it does not readily form a lactone and on elimination 
of water gives an acid which is probably (III), since it is not identical with (IV) (Thiele 
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and Ruddiger, Annalen, 1906, 347, 282). When ammonia or amines act upon 2-bromo- 
l-hydroxyhydrindene, the entering amino-group takes the 1-position and displaces the 
hydroxyl group to the 2-position (von Braun and Weissbach, Ber., 1930, 63, 3052). 

The action upon (I) of hydrogen bromide and other reagents for replacing the hydroxyl 
group by a halogen atom gave interesting results. Hydrogen bromide in acetic acid gave 
the lactone (II) of cis-1-hydroxyhydrindene-2-acetic acid; this dissolved in warm sodium 
hydroxide solution, and on acidification the lactone was at once regenerated; we could 
not isolate the free acid. When (I) was heated with aqueous hydrogen bromide (saturated 
at 0°) in a sealed tube at 100°, it gave a small yield of the lactone (IT), and as main product 
an unsaturated acid, probably indene-2-acetic acid (III) ; the same lactone was also produced 
by the action of aqueous hydrogen bromide under ordinary pressure, of thionyl chloride, 
and of phosphorus pentabromide. The methyl ester of the acid (I) gave the lactone 
(II) when treated with phosphorus pentabromide at 5—10° or with thionyl chloride. 

When the ethyl ester of the acid (I) was treated in absolute alcohol with hydrogen 
bromide, it gave the bromo-ester, but this on treatment with ammonia did not give the 
ester or amide of the amino-acid (V) but a mixture of the lactone (II) with the ammonium 
salt of the cis-hydroxy-acid corresponding to the lactone (II). The bromo-ester when 
treated with potassium phthalimide or with sodium #-toluenesulphonamide gave again 
only the lactone (II). It might be concluded, from the ease with which the chloro- and 
bromo-acids are converted into the lactone, that they possess the cis-configuration, but 
we do not support this view, for it implies unproven assumptions as to the mode of re- 
placement of the halogen. 

The hydrindyl acids substituted in the «-position to the carboxyl group were next 
examined. They were prepared by the action of SER, Te ereT OT ae upon 
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the corresponding derivatives of acetoacetic ester, followed by hydrolysis with concentrated 
alkali. The acids so obtained therefore had the configurations stable in alkaline solution. 
In this way §-phenyl-«-1-hydroxyhydrindene-2-propionic acid (VI; R=CH,Ph), m. p. 
164°, was obtained ; as it did not readily form a lactone it was assigned the ¢vans-configur- 
ation, but the configuration around the carbon atom « to the carboxyl group was, of course, 
unknown ; this acid will be called (VIa). When treated similarly to the acid (I), it readily 
gave a lactone (VIIa; R = CH,Ph), which showed similar properties to the lactone (II). 
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The acid (VIa) was esterified and the #-toluenesulphonyl derivative (VIII) of the ester 
prepared and treated with ammonia; two products were obtained, the original acid, and 
a lactone (VIIb), which was unchanged by treatment with hydrogen bromide or with 
caustic soda. Its formation was ascribed to the action of alkali on (VIIa), and this ex- 
planation was confirmed by heating the latter with caustic soda for some hours and acidify- 
ing the solution, the lactone (VIId) being obtained almost quantitatively. The changes 
brought about may thus be summarised: The acid (VIa) has the ¢vans-configuration with 
regard to the hydrindene ring, and what may be called the a-configuration with respect 
to the carbon atom « to the carboxyl group. Treatment with hydrogen bromide converts 
the ‘rans- into the cis-form, but leaves the configuration round the «-carbon atom unchanged. 
The evidence for this is that hydrogen bromide has no action on either of the lactones 
(VIIa) or (VIId), where the configurations of these carbon atoms differ and where, therefore, 
if inversion were possible it would be shown by one form or the other. The lactone (VIIa) 
therefore has the cis-configuration with respect to the ring and the a-configuration of the 
carbon atom adjacent to the carboxyl group, a configuration which is stable to alkalis 
in the original /vans-acid (VIa), but is unstable in the lactone and readily undergoes in- 
version by alkali to the b-configuration, giving the lactone (VIId). We thus see that the 
configuration stable in the sodium salt of the ¢vans-acid is unstable in the sodium salt of 
the cis-acid. Although the inversions appeared complete, they should perhaps be described 
as a displacement of equilibrium in one direction or the other. 

Although the two possible forms of the cis-lactone have thus been isolated, only one 
form of the /vans-acid has been prepared. An attempt to prepare l1-hydroxyhydrindene- 
2-benzylmalonic acid and thence the form (VId) of the corresponding acid failed, for carbon 
dioxide was eliminated during saponification and the product on acidification gave only 
the acid (VIa; R= CH,Ph). What is probably the acetyl derivative of the fourth acid 
has, however, been prepared. The crude acid obtained in the preparation of (VIa; R = 
CH,Ph) left an oily residue on crystallisation; this was boiled with acetic anhydride and 
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(VIII; R’ = p-C,H,Me-SO,°.) (IXa and b.) 


gave an acetoxy-acid (IXb; R= CH,Ph), m. p. 121°. The acid (VIa; R= CH,Ph) 
when treated similarly gave an isomeric acetoxy-acid (IXa; R= CH,Ph), m. p. 147°. 
When boiled with sodium hydroxide this acid regenerated the original acid (VIa; R= 
CH,Ph), whereas on similar treatment (IX) gave a mixture of (VIa) and anoil. It would 
be expected that the acid (VIb) if obtained as sodium salt would be readily isomerised by 
alkalis because the b-configuration is unstable to alkalis when present in a ¢rans-acid. The 
relationship between the four acids (VIa), (VIb), (VIIa), and (VII) appears to be as follows : 
The solution of potassium salts obtained in the original hydrolysis probably contained 
(VIa) and (VId) in equilibrium proportion, 7.e., with the former in excess. The oily residue 
from crystallisation contained all the (VId) and this gave the corresponding acetyl deriv- 
ative on acetylation. The acetyl derivative of (VId) on treatment with alkali would then 
give the equilibrium mixture of (VIa) and (VId). This explanation received confirmation 
from the results obtained when the two acetyl derivatives ([Xa) and ([Xd) were treated 
with hydrogen bromide; the former gave the lactone (VIIa), and the latter the lactone 
(VIIb). The lactone (VIIa) was produced from the é/vans-acid (VIa), and the lactone 
(VIId) naturally corresponds to the trans-acid (VIb), from which also the acetoxy-acid 
(IXd) must be derived. Hence, derivatives of all four possible forms of this acid have 
been obtained. In one experiment, when the acid (VIa) was heated with acetic anhydride, 
a neutral product was obtained which dissolved in caustic soda when heated and on acidific- 
ation re-formed the original acid (VIa). This neutral product had the correct molecular 
weight for the /vans-lactone, but gave low results for carbon. 
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It has been established that hydrolysis of sulphonic esters frequently leads to a change 
of configuration which does not occur in the hydrolysis of acetic esters (cf. Phillips, J., 
1923, 123, 44; Kenyon, Phillips, and Turley, J., 1925, 127, 399; Hiickel and Frank, 
Annalen, 1930, 477, 140). The last two authors found that treatment of cyclic sulphonic 
esters with dilute alkali frequently gave rise to the corresponding unsaturated hydrocarbon. 
The acetyl and #-toluenesulphonyl derivatives of the acids (I) and (VI) do not give the 
corresponding unsaturated acids, but the acetyl derivative is saponified to the original acid 
and the sulphonic ester undergoes inversion. 

We have also prepared the acids (VIa; R = Me) and (VIa; R = n-Bu), but in poor 
yields. In both cases only one form of the ¢vans-acid and of the lactone was obtained. 
The lactone of the m-butyl acid was unchanged when heated to 150° in a sealed tube with 
potassium hydroxide solution. Treatment with quinoline also failed to produce inversion. 

It was suggested by Kipping and Hunter (J., 1903, 83, 105) that the racemisation of 
a-substituted acids was due to the process 


H 
r 
>C-CQyy == > 

They showed that benzylmethylacetic acid was mot racemised by heating in methyl- 
alcoholic solution to 170°, but did not describe the action of alkalis. Since the lactone 
(VIIa) readily undergoes inversion by alkali when R = CH,Ph, but not when R = Me or 
n-Bu, we suggest that this difference is due to the electron affinity of the benzyl group. 
Kipping and Hunter’s suggestion involves proton expulsion from the a-carbon atom, and 
this process will be aided by the electron attraction of the benzyl group and retarded by 
the electron-repelling effect of the methyl group. Another case in which these effects 
act, but in the reverse direction, is in the reactivity of benzylaniline and methylaniline 
with benzoyl chloride (Peacock, J., 1924, 125, 1979; 1925, 127, 2179). 


EXPERIMENTAL. 


trans-1-Hydroxyhydrindene-2-malonic Acid.—Ethyl malonate (16 g.) was added to a suspen- 
sion of sodium ethoxide in xylene and mixed with a solution of bromohydroxyhydrindene 
(21-3 g.) in benzene (50 c.c.). The mixture was boiled under reflux for 3 hours, and worked 
up in the usual way. The crude ester was saponified by caustic soda, and the solution, after 
removal of tar, evaporated to dryness, extracted with water, decolorised (charcoal), and con- 
centrated ina vacuum desiccator; the sodium salt was precipitated by ethyl alcohol, decomposed 
with dilute sulphuric acid, and the solution extracted repeatedly with ether. Removal of the 
ether left the acid (8-8 g.), sparingly soluble in ether and benzene; m. p. 118° from water or 
alcohol—benzene (Found : C, 60-7; H, 5-6. C,,H,,O, requires C, 61-0; H, 5-1%). The lead 
salt was insoluble in boiling water. The yield was considerably reduced when the reaction was 
carried out in absolute alcohol. 

trans-1-Hydroxyhydrindene-2-acetic Acid (1).—(i) This acid was obtained when the foregoing 
acid was heated in an oil-bath at 120—130° for 2 hours; crystallised from boiling water, dilute 
alcohol, or benzene—acetone, it had m. p. 131°; it wassparingly soluble in cold water and benzene, 
very soluble in ethyl alcohol, and soluble in ether; it was acid to litmus and readily soluble in 
cold sodium hydrogen carbonate solution. 

(ii) Acetoacetic ester (65 g.) was added to sodium (11-5 g.) in absolute alcohol (180 c.c.), 
and a warm solution of bromohydroxyhydrindene (107 g.) in absolute alcohol (200 c.c.) added. 
Sodium bromide at once began to separate. Next day the solution was heated on a boiling 
water-bath until neutral (5 hours). The product when worked up gave 150 g. of crude ester. 
This was added gradually (1 hour) to a solution of caustic potash (150 g.) in water (200 c.c.). 
The solution became hot; it was heated next day for 2 hours on a water-bath, 400 c.c. of water 
added, and the alcohol distilled off. The turbid solution was extracted with benzene, filtered, 
and acidified; the crude acid readily solidified. This was dissolved in sodium bicarbonate 
solution, filtered from undissolved tar, and re-acidified. The crude acid (58 g.; 60%) was 
crystallised from boiling water (with ‘“‘ Nuchar”’) and then from benzene-—acetone (Found : 
C, 68-3; H, 6-3. Calc. for C,,H,,0,: C, 68-7; H, 6-2%). 

Lactone of cis-1-Hydroxyhydrindene-2-acetic Acid (II).—The acid (I) (4 g.) was dissolved in 
an acetic acid solution of hydrogen bromide (30 c.c.) and kept at 25—27° for 24hours. The acetic 
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acid and hydrogen bromide were then distilled off under reduced pressure from a water-bath. 
The residue solidified over caustic potash in a desiccator; m. p. 73° recrystallised from light 
petroleum. The lactone was very soluble in ethyl alcohol, methyl alcohol, benzene, and ether, 
slowly soluble in ammonia, insoluble in sodium bicarbonate, readily soluble in caustic soda, 
being regenerated on acidification (Found: C, 75-95; H, 5-78. C,,H,,O, requires C, 75-9; 
H, 5-74%). Hydrochloric acid saturated at 0° did not affect the acid (I) during 3 days at 
25—27°. 

Indene-2-acetic Acid (11I).—Hydrogen bromide solution saturated at 0° (25 c.c.) and the 
acid (I) (6 g.) heated for 6 hours at 100° gave a mixture of lactone and an acid melting indefinitely 
at 150—160° after precipitation from solution in acetic acid (Found: C, 76-3; H,6-2. C,,H, 0, 
requires C, 75-9; H, 5-7%). 

Action of Phosphorus Pentabromide and Thionyl Chloride on the Methyl Ester of (1).—The 
methyl ester of (I), prepared by standard methods, was a liquid. The ester (4 g.) was codled in 
ice and water and mixed slowly (1-5 hours) with phosphorus pentabromide (10 g.) . The reaction 
was vigorous at first. After } hour, ether (30 c.c.) was added, and the ethereal solution washed 
with water and sodium bicarbonate. The ether was distilled off, and the residue at once crystal- 
lised; on recrystallisation from light petroleum, it had m. p. 72°, and was identical with the 
lactone (II). The sodium bicarbonate solution contained no bromo-acid. In another experi- 
ment, the methyl ester (4 g.) and thionyl chloride (8 g.) were left over-night at 25—27°, and then 
the lactone distilled under reduced pressure, b. p. 225°/25 mm.; yield 2-4 g.; m. p. 72°. 

Action of Ammonia on Ethyl Bromohydrindene-2-acetate-—The trans-acid (I) (10 g.) was 
dissolved in absolute ethyl alcohol (50 c.c.), and a stream of dry hydrogen bromide passed through 
the boiling solution ; after some hours the solution was cooled, saturated with hydrogen bromide 
and kept for 2 days. The alcohol was distilled off, and the residue resubmitted to this treat- 
ment. The bromo-ester was dissolved in cold saturated alcoholic ammonia (50 c.c.) and kept 
for 3 weeks. Crystals of the ammonium salt of the cis-acid which formed were separated and 
crystallised from boiling rectified spirit; 2-8 g., m. p. 158° (Found : C, 63-2; H, 7-2. C,,H,,0,N 
requires C, 63-2; H, 7-18%); on acidification it gave the lactone (II). From the residual 
solution and mother-liquors the alcohol was distilled, and the residue poured into water. An 
oil separated, which at once solidified on seeding with lactone (5-0 g.; m. p. 72° from light 
petroleum). The aqueous solution on acidification gave a further crop of the lactone. 

trans-8-Phenyl-a-1-hydroxyhydrindene-2-propionic Acid (VI; R = CH,Ph).—(i) Ethyl 
benzylacetoacetate (55 g.) was added to a solution of sodium (5-75 g.) in absolute alcohol (100 
c.c.), and a solution of bromohydroxyhydrindene (53-25 g.) in absolute alcohol (100 c.c.) added. 
Next day the solution was boiled until neutral (2 hours). The ester was worked up in the usual 
way (yield 89 g.), added to a cold solution of potassium hydroxide (45 g.) in rectified spirit 
(105 c.c.), and left over-night. Next day it had turned black, and was boiled for 5 hours under 
reflux; the alcohol was distilled off, and water added, the resulting black oil being extracted 
with benzene. The aqueous solution on acidification gave a black, oily product which was 
treated with sodium bicarbonate, filtered from tar, and again acidified. The acid was extracted 
with benzene, the solution dried, and the benzene distilled. The residue crystallised (yield, 
5 g. crude). When a current of hydrogen was passed through the apparatus during hydrolysis, 
the yield of crude acid was raised to 40 g. It crystallised from acetone—benzene; m. p. 164° 
(Found: equiv., by titration, 282-3; C, 76-4; H, 6-48. ©,,H,,O, requires equiv., 282; C, 
76-6; H, 6-38%); from the benzene mother-liquors an oily mixture of acids was obtained. 

(ii) By a similar process from 25 g. of ethyl benzylmalonate, 35 g. of ester were obtained ; 
this was decomposed by boiling with alcoholic potassium hydroxide, and the crude acid (3-5 g.) 
purified and recrystallised as before; m. p. 164°, identical with the acid obtained in (i). 

cis-Lactone (VIla).—The trans-acid (Vla; R = CH,Ph) (2 g.) was dissolved in aqueous 
hydrogen bromide (d 1-78; 20 c.c.) and heated for 2 hours on a water-bath. The hydrogen 
bromide was distilled off under reduced pressure, and the residue washed with sodium bicarbonate 
solution. The only residue solidified when stirred with alcohol; rhombohedral crystals from 
alcohol, m. p. 84° (Found: equiv. by titration, 259-4, 265-6; C, 82-05; H, 6-01. C,,H,,O, 
requires equiv., 264; C, 81-8; H, 6-06%). When the ¢rans-acid (VIa) (2 g.) was similarly 
treated with an acetic acid solution (20 c.c.) of hydrogen bromide, 1-3 g. of the pure Jactone were 
obtained. The évans-acid (2 g.) was dissolved in ether, cooled in ice, and gradually mixed with 
phosphorus pentabromide (6 g.). The ethereal solution was washed with water and sodium 
bicarbonate, and dried. On removal of the ether, 1-5 g. of the lactone were obtained. In 
another experiment, 1 g. of the /vans-acid was boiled with 50% sulphuric acid; the product 
was 0-3 g. of lactone, m. p. 84°, and unchanged acid. 
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When the acid (VIa) (0-5 g.) was boiled with potassium hydroxide (1-5 g. in 8 c.c. water) 
for an hour, it was recovered unchanged on acidification. 

Actionof Ammoniaon Ethyl B-Phenyl-a-1-p-ioluenesulphonyloxyhydrindene-2-propionate (VIII). 
—Ethyl @-phenyl-«-1-hydroxyhydrindene-2-propionate (3 g.), prepared in the usual way, was 
mixed at 0—10° with p-toluenesulphonyl chloride (1-5 g.) and pyridine (1-1 g.) and left over- 
night. Next day the product was poured into water, extracted with benzene, the extract 
washed, and the benzene distilled off. The ester (VIII) (4 g.) was a viscous oil. It was dis- 
solved in alcohol (50 c.c.) and saturated with ammonia at 0°. The solution was kept at room 
temperature for 43 hours and then heated for 5 hours:at 100°. The alcohol was distilled off, 
and the residue dissolved in benzene and washed with dilute hydrochloric acid. Neutralisation 
of this extract gave no amino-acid or amino-ester. On removal of the benzene, a residue was 
left consisting of the original acid (m. p. 164°) and a neutral product, m. p. 102° (Found : equiv. 
by titration, 271-2; C, 81-7; H, 6-05. C,,H,,O, requires equiv., 264; C, 81-8; H, 6-06%); 
this lactone (VIIb; R = CH,Ph) was insoluble in sodium bicarbonate, but soluble in caustic 
soda on warming, being reprecipitated on acidification. 

Action of Sodium Hydroxide on (VIII).—1 G. of the ester (VIII) was boiled with 10 c.c. of 
2N-sodium hydroxide; the solution was acidified, extracted with benzene, and the extract 
washed with sodium bicarbonate solution, From the benzene solution the lactone (VIIb), 
m. p. 102°, was obtained. 

Conversion of Lactone (VIIa) into the Lactone (VIIb).—The lactone (1 g.) was boiled under 
reflux for 2 hours with potassium hydroxide (1 g.) in rectified spirit (5 c.c.), the alcohol removed, 
water added, the solution acidified, and extracted with ether. The extract was washed with 
sodium bicarbonate solution and then gave 0-75 g. of the lactone (VIIb), m. p. 102°. Sodium 
ethoxide solution acted similarly. 

When, however, a solution of the lactone (VIIa) (7 g.) in absolute alcohol (100 c.c.) was 
saturated at 0° with hydrogen bromide, left over-night, and then heated under reflux on a boiling 
water-bath in a stream of hydrogen bromide, the lactone was subsequently recovered unchanged, 
m. p. 84°. 

Condensation of 2-Bromo-1-hydrindone with Ethyl Benzylacetoacetate and with Ethyl Benzyl- 
malonate.—2-Bromo-l-hydrindone (10 g.), prepared as described by Ishiwara (J. pr. Chem., 
1924, 108, 194), was dissolved in absolute alcohol (40 c.c.) and added to a solution prepared by 
addition of ethyl benzylacetoacetate (11-0 g.) to a solution of sodium (1-15 g.) in absolute 
alcohol (20 c.c.) cooled by ice. Colourless needles at once began to separate. Next day the 
solution had turned black. It was boiled under reflux for one hour, the alcohol distilled off, 
water added, and the oil extracted with ether. On removal of the ether, the residue partly 
crystallised. Alcohol was added, and the crystals (3-8 g.), m. p. 158—176°, removed. The oil 
on hydrolysis with alcoholic caustic potash gave only a black tar. Condensation of bromo- 
hydrindone with ethyl benzylmalonate gave the same crystalline solid, and an oil which on 
hydrolysis gave a tar, from which a small quantity of benzylmalonic acid was isolated. The 
solid product was bromo-hydrindonylhydrindone (Kipping and Revis, J., 1897, 71, 243) (Found : 
Br, 22-98. Calc. for C,,H,,0,Br: Br, 23-4%). 

Action of Ammonia on Ethyl B-Phenyl-a-1-bromohydrindene-2-propionate.—The acid (VIa; 
R = CH,Ph) (5 g.) was dissolved in absolute alcohol (50 c.c.) and a stream of dry hydrogen 
bromide at room temperature passed through the solution, which was then boiled for an hour 
in a current of hydrogen bromide; the bromo-ester was worked up in the usual way; yield, 
5-5 g. (Found: Br, 15-47%, corresponding to about 70% of the bromo-ester). This ester 
(5-1 g.) was added to alcoholic ammonia (6N, 70 c.c.) and kept at 10° for 144 hours. The alcohol 
and ammonia were then distilled off from a water-bath, and the residue extracted with ether. 
An oil (4-4 g.) which contained bromine but no nitrogen was obtained. This was heated for 6 
hours with alcoholic ammonia (6N, 70 c.c.) at 100°. The product when worked up as before 
gave 1-5 g. of the lactone (VIIb), m. p. 102°, and a neutral oil (probably a mixture of the 
lactones). The action of potassium phthalimide on this bromo-ester gave phthalimide, phthalic 
acid, the acid (VIa), and the lactone (VIIb), m. p, 102°. The action of sodium #-toluene- 
sulphonamide also gave this lactone, m. p. 102°, but no amino-derivative. This lactone was re- 
covered unchanged after 2 hours’ boiling with aqueous hydrogen bromide (d 1-78) or with an 
acetic acid solution of hydrogen bromide. 

Acetoxy-acid (IXb; R = CH,Ph).—tThe oil (10 g.) obtained from the mother-liquors from 
the crystallisation of the acid (VIa) was boiled for 2 hours with acetic anhydride (50 c.c.), the 
product poured into alcohol (50 c.c.), and left at room temperature for 2 hours. The ethyl 
acetate, etc., were then removed by distillation under reduced pressure, and the residue dissolved 
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in benzene. The benzene solution was extracted with aqueous sodium bicarbonate, and the 
extract on acidification gave an acid (7-7 g.), m. p. 121° from light petroleum—chloroform 
(Found: equiv., for saponification of acetyl group, 181; equiv., by direct titration, 309-8; 
C, 73-7; H, 6-4. Cy9H,,O, requires equivs., 162, 324; C, 74:1; H, 62%). The acid (1 g.) 
was dissolved in caustic soda (2N, 10 c.c.) and left at room temperature for 5 hours. On 
acidification, the acid (VIa) m. p. 164°, was obtained. The acetoxy-acid (1 g.) was heated for 
2 hours with an acetic acid solution of hydrogen bromide (15 c.c.), and after the usual procedure 
afforded the lactone (VIIb) (0-65 g.), m. p. 102°. 

Acetoxy-acid ((Xa; R = CH,Ph).—By a procedure similar to the foregoing, the acid (VIa) 
gave an acetoxy-acid, m. p. 147°, from light petroleum-chloroform (Found: equiv., by back 
titration 181, by direct titration 313; C, 73-8; H, 6-7%). On treatment with hydrogen 
bromide as above this acid (1 g.) gave 0-60 g. of the lactone (VIIa), m. p. 84°, identical with 
that similarly obtained from the acid (VIa). The acid (IXa) (0-5 g.) was heated with sodium 
hydroxide solution; acidification gave the acid (VIa), m. p. 164° (0-40 g.). 

trans-a-1-Hydroxyhydrindene-2-n-hexoic Acid (VIa; R = n-Bu).—Ethy] n-butylacetoacetate 
(46-5 g.) was added to a solution of sodium (5-75 g.) in absolute alcohol (125 c.c.), and 
bromohydroxyhydrindene (53-25 g.) dissolved in absolute alcohol (100 c.c.) added. Next day 
the solution was boiled until neutral (4 hours). The sodium bromide was filtered off, and the 
ester worked up in the usual way and saponified by addition to a solution of potassium hydroxide 
(45 g.) in alcohol (150 c.c.). Next day the solution was boiled under reflux for 4 hours 
(blackening), poured into water (1 1.), filtered from tar, and acidified. The resulting oil was 
dissolved in benzene, and the solution shaken with ammonia. The calcium salt was then 
precipitated by the addition of calcium chloride solution, collected, freed from tar by extraction 
with boiling rectified spirit, and decomposed with hydrochloric acid. The solid acid which 
separated was crystallised from benzene, m. p. 122°, yield 4-0 g. (Found: C, 72-32; H, 8-56. 
C,5H.O, requires C, 72-57; H, 8-06%). This acid was recovered unchanged after 40 mins.’ 
heating with quinoline at 140°. 

cis-Lactone (VIla; R = n-Bu).—The acid (2 g.) was dissolved in an acetic acid solution 
(20 c.c.) of hydrogen bromide and heated for 2 hours under reflux on a water-bath. The 
solution when poured into water gave a crystalline product, which was washed with sodium 
bicarbonate solution and recrystallised from light petroleum or ethyl alcohol; yield 1-3 g., 
m. p. 105° (Found : C, 78-00; H, 8-20. C,,H,,O, requires C, 78-26; H, 7-83%). The Jactone 
was recovered unchanged after 2 hours’ boiling with alcoholic caustic potash and also after 2. 
hours’ heating at 150° in a sealed tube with the same reagent. 

trans-a-1-Hydroxyhydrindene-2-propionic Acid (VIla; R = Me).—The ester was prepared 
in the usual way from bromohydroxyhydrindene (53-25 g.) and ethyl methylacetoacetate: 
(35-75 g.). The product was worked up as in the preceding case, and the crude acid thus 
obtained in benzene solution; this solution was extracted with aqueous sodium bicarbonate, 
the extract filtered and acidified, and the acid again taken up in benzene. The calcium salt, 
prepared as in the preceding case, was similarly converted into the acid (Vla; R= Me), 
which crystallised from benzene—acetone ; yield 1-1 g., m. p. 131°, mixed m. p. with (I) 115—120° 
(Found: C, 69-98; H, 6-80. C,,H,,O, requires C, 69-9; H, 6-80%). 

cis-Lactone (VIla; R = Me).—The above acid (1 g.) was dissolved in an acetic acid 
solution (10 c.t.) of hydrogen bromide and heated for 2 hours under reflux on a water-bath. 
The acetic acid and hydrogen bromide were distilled off under reduced pressure, and the residue 
dissolved in ether and extracted with aqueous sodium bicarbonate. The solid residue obtained 
on removal of ether was crystallised from light petroleum—benzene; m. p. 102° (0-68 g.} 
[Found: C, 76-42; H, 6-36; M (Rast’s method), 184-5. C,,H,,O, requires C, 76-60; H, 
6-38% ; M, 188]. The /actone (0-2 g.) was recovered unchanged when heated for 2 hours on a 
water-bath with caustic potash (0-2 g.) in rectified spirit (2 c.c.). 


This work was started in 1913 in the laboratories of the Nobe] Explosives Company, Ardeer, 
and one of us (D. H. P.) wishes to thank Professor Sir W. J. Pope for the gift of the indene 
used in the early work, and Mr. W. Rintoul for permission to use the Ardeer laboratories. We 
thank the University of Rangoon for a grant towards the expenses of the investigation. 
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281. £8'-Diaminodiethylamine. 
By D. H. Peacock and U. C. Dutta. 


THE object of the work was the preparation of 6$’-diaminodiethylamine (I) and the ex- 
amination of its co-ordination compounds with metals (cf. Mann and Pope, Proc. Roy. 
Soc., 1925, A, 107, 80; 109, 444; J., 1926, 482, 489; Mann, this vol., pp. 461, 466). 
Ethylene chlorohydrin condensed with the sodium derivative of f-toluenesulphonamide 
to give p-toluenesulphon-f-hydroxyethylamide (II) as a syrup, which reacted with thionyl 
chloride and with hydrogen bromide to produce the §-chloroethyl compound (III) and 
the 8-bromoethyl derivative respectively. With alcoholic ammonia in an autoclave, (III) 
formed a mixture of -toluenesulphon-§-aminoethylamide (IV), 88’-di-p-toluenesulphon- 
amidodiethylamine (V), and a compound still under investigation. When heated with 
hydrochloric acid in a sealed tube, (V) gave $$’-diaminodiethylamine trihydrochloride. 


(v1)  C,H,SO,*N(CH,Ph)-CH,°CH,-OH C,H,SO,,NH-CH,CH,"NH, (Iv.) 


(I) C,H,SO,NH-CH,CH,OH —>  C,H,SO,NH-CH,CH,Cl (Il) 


’ 


(VIL)  C,H,*SO,*N(CH,°CH,"OH), NH(CH,*CH,"NH-SO,°C,H,). (V.) 


The dry sodium derivative of (II) reacted with benzyl chloride and with ethylene 
chlorohydrin to give the corresponding benzyl derivative (VI) and p-toluenesulphondi-B- 
hydroxyethylamide (VII) respectively. The compound (VII) was also obtained by the 
action of toluenesulphonyl chloride on “ diethanolamine.” From (VI) and similar sub- 
stances, we propose to prepare unsymmetrical bases of the type H,N-C,H,-NH°C,H,’NHR. 

When (III) was treated with sodium ethoxide, ethyl sodiomalonate, or ethyl sodio- 
acetoacetate, there was produced, in addition to the normal condensation product, 1 : 4- 
di-p-toluenesulphonylpiperazine. This substance was also obtained by the action of 
8-chloroethyl #-toluenesulphonate on the sodium derivative of #-toluenesulphonamide. 

Of the unsuccessful methods which were tried for the production of 88’-diaminodiethyl- 
amine, the following may be mentioned: (a) the condensation of potassiophthalimide 
with aceto- and benzo-di-8-bromoethylamide, (b) the reduction of ««’-dicyanodimethylamine 
(iminodiacetonitrile), (c) the action of ammonia on 8-phthalimidoethyl p-toluenesulphonate. 
The benzoyl derivative of 88’-dibromodiethylamine forms a hydrochloride and a hydro- 
bromide which are fairly stable. 88’-Diaminodiethylamine has previously been obtained 
by Hofmann (Proc. Roy. Soc., 1862, 11, 413; Ber., 1890, 23, 3711) and Fargher (J., 1920, 
117, 1353) by the action of ammonia on ethylene dihalides, and similar triamines have been 
prepared by Dudley, Rosenheim, and Starling (Biochem. J., 1927, 21, 95) and Foldi (Ber., 
1929, 62, 1700). 

EXPERIMENTAL. 

p-T oluenesulphon-B-hydroxyethylamide (I1).—p-Toluenesulphonamide (256 g.) was added to 
a solution of sodium (34-5 g.) in methyl alcohol (700 c.c.), the alcohol distilled off, and the 
sodio-compound distilled twice with dry benzene to remove water and alcohol. Unless this 
was done, the following reaction did not proceed well. Ethylene chlorohydrin (132 g.) was 
added to the product, and the mixture heated in an autoclave for 6 hours at 120°. The product 
was worked up, again treated with sodium (3-45 g.) and ethylene chlorohydrin (13-2 g.), ex- 
tracted with hot ethyl alcohol, and obtained as a viscous syrup. 

p-Toluenesulphon-8-chloroethylamide (III).—Into the substance (II) (225 g.), thionyl chloride 
(96 c.c.) was stirred at 15—20° during 2—3 hours. Stirring was continued (cooling in ice and 
water) for 4 hours, then (next day) the temperature was kept at 60—70° for 2 hours and finally 
at 100° for 1 hour, a considerable evolution of sulphur dioxide now taking place. The product 
set to a hard granular mass (220 g.) when poured into cold water, and crystallised from ethyl 
or methyl alcohol in stout prisms, m. p. 99° (Found: N, 6-0; Cl, 15-4. C,H,,0,NCIS requires 
N, 6-0; Cl, 15-2%). When heated with an alcoholic solution of sodium phenoxide, the sub- 
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stance (III) gave p-toluenesulphon-$-phenoxyethylamide, m. p. 104° alone or in admixture 
with an authentic specimen (Marckwald and Chain, D.R.-P. 122,047). 

p-Toluenesulphon-B-bromoethylamide, prepared by treating the substance (II) (27 g.) with 
sodium bromide (16 g.), concentrated sulphuric acid (20 g.), and water (14 c.c.), and crystallised 
from methyl alcohol, had m. p. 88—90° [Found (micro) (Schoeller): C, 40-2; H, 4-55; S, 
12-4. C,H,,O,NBrS requires C, 38-8; H, 4-3; S, 11-5%]. 

p-Toluenesulphon-B-aminoethylamide (IV) and the Hydrochloride of ®®'-Di-p-toluenesul- 
phonamidodiethylamine (V).—The substance (III) (50 g.) was heated with 6N-alcoholic ammonia 
(400 c.c.) for 6 hours in an autoclave at 100—120°. The alcohol was distilled off, and the sticky 
product treated with warm water (40—50°): this extracted the hydrochloride of (IV); the 
base (10—14 g.), liberated on neutralisation and crystallised from boiling water, had m. p. 
124° (Found: C, 49-6; H, 6-4; N, 12-4. Calc. for C,H,,0,N,S: C, 50-4; H, 6-5; N, 13-0%) 
(Moore, Boyle, and Thorn, J., 1929, 50, give m. p. 121°). The residue was repeatedly extracted 
with boiling dilute hydrochloric acid : on cooling, the solution deposited p-toluenesulphonamide 
and the sparingly soluble hydrochloride of (V) (6—7 g.), which crystallised from hot water or 
aqueous acetone in needles, m. p. 163° (Found: Cl, 7-6; N, 9-5. C,gH,,;0,N;S,,HCl requires 
Cl, 7-9; N,9-4%). The gummy residue (15—20 g.) on treatment with dilute aqueous ammonia, 
set to a hard mass, which crystallised from methyl] alcohol or acetic acid in large rhombohedra, 
m. p. 104°, and is still under investigation. 

Tri-p-toluenesulphonyl-B8'-diaminodiethylamine, prepared from (V) and crystallised from 
glacial acetic acid, had m. p. 173° (Found: C, 53-2; H, 5-4; N, 7-45. C,;H3,O,N,S, requires 
C, 53-1; H, 5-5; N,7-4%). Benzodi-8-p-toluenesulphonamidoethylamide, prepared by the action 
of benzoyl] chloride on (V) and crystallised from boiling ethyl alcohol, had m. p. 167° (Found : 
N, 8-3. C,sH. O;N,S, requires N, 8-15%). The acid sulphate of (V) crystallised readily from 
hot water containing a little sulphuric acid; m. p. 228° (Found: N, 8-6. C,gH,,0,N;S,,H,SO, 
requires N, 8-25%). The base (IV), acted upon by #-toluenesulphony] chloride, gave di-p- 
toluenesulphonylethylenediamine, m. p. 155°, unchanged by admixture with the product obtained 
by the action of p-toluenesulphony] chloride (2 mols.) on ethylenediamine (Found: N, 7-25. 
Ci gH»O,N,S, requires N, 7-6%). The benzoyl derivative of (IV), crystallised from ethyl alcohol- 
acetone, had m. p. 135° (Found: N, 8-6. C,,H,,0,N,S requires N, 8-8%). 

68’-Diaminodiethylamine Trihydrochloride.—The hydrochloride of (V) (5 g.) was heated for 
6 hours with concentrated hydrochloric acid (35 c.c.) in a sealed tube at 160°. The trihydro- 
chloride obtained (1-6 g.) had m. p. 215—220° (cf. Mann, Joc. cit., p. 465) and separated from 
alcohol in colourless plates on addition of hydrochloric acid and ether [Found: N (micro), 
18-3. Calc.: N, 19-8%]. When solutions of the trihydrochloride and copper sulphate were 
mixed, and caustic soda added, a deep blue solution of the complex salt was formed. Ferric 
chloride, treated similarly, gave a precipitate of ferric hydroxide. 

p-T oluenesulphondi-B-hydroxyethylamide (V1I).—The substance (II) (213 g.) was converted 
into the dry monosodium derivative and heated with ethylene chlorohydrin (80 g.) for 5 hours 
in an autoclave at 110—120°. The product was extracted with alcohol, treated with sodium 
and with ethylene chlorohydrin (one-tenth of the previous quantities), and again extracted 
with alcohol. The viscous product slowly crystallised and was then drained on porous plate 
(yield, 44 g.) and recrystallised from aqueous acetone; m. p. 101° (Found: C, 51-2; H, 6-6; 
N, 5-3. C,,H,,0O,NS requires C, 50-9; H, 6-6; N, 5-4%). 

When the substance (VII) was treated with p-toluenesulphony] chloride and caustic soda, 
it gave the di-p-toluenesulphonate, which formed crystals from ethyl alcohol, m. p. 65—67° (to 
a turbid liquid clearing at 75°) (Found: C, 52-8; H, 5-1. C,;H,,O,NS, requires C, 52-9; H, 
5-2%). 

p-Toluenesulphonbenzyl-B-hydroxyethylamide (V1).—The substance (II) (21-5 g.) was con- 
verted into the dry sodium derivative and heated with benzyl chloride (12-7 g.) for 4 hours 
at 120—140°. The viscous product slowly crystallised from ethyl alcohol; m. p. 107° (Found : 
N, 4:4. C,sH,,0,NS requires N, 4-6%). 

6-Phthalimidoethyl p-Toluenesulphonate.—Phthalo-$-hydroxyethylimide (Dersin, Ber., 1921, 
54, 3158, gives the m. p. wrongly as 88—89°; the correct m. p. is 126-5—127-5°; Gabriel and 
Ohle, Ber., 1888, 21, 572) was heated for 6 hours at 100—120° with p-toluenesulphony] chloride 
(1 mol.). The product, crystallised from acetone-ethyl alcohol, had m. p. 142° (Found: C, 
58-8; H, 4-5. C,,H,,0;NS requires C, 59-1; H, 4-3%), and when heated with alcoholic am- 
monia gave phthalo-f-hydroxyethylimide, phthalimide, and NN’-diphthalylethylenediamine. 

1 : 4-Di-p-toluenesulphonylpiperazine.—B-Chloroethyl p-toluenesulphonate (7-0 g.) (Clemo 
and Tenniswood, J., 1931, 2550) was heated with an aqueous solution of p-toluenesulphonamide 
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(5-1 g.) and caustic soda (1-2g.) ona water-bath until the mixture was neutral (7 hours). Further 
quantities of the chloro-ester and caustic soda were added and the heating was repeated. No 
p-toluenesulphondi-8-chloroethylamide was formed, but only the piperazine derivative, which 
was crystallised from glacial acetic acid; m. p. 286° (Found: C, 54-7; H, 5-8; N, 7-6; 5S, 
16-3. C,,H,,0O,N,S, requires C, 54-8; H, 5-6; N, 7-1; S, 16-25%). : 

88’-Dibromodiethylamine Hydrobromide.—This was prepared from the 6§’-diphenoxy- 
compound by Gabriel and Eschenbach’s method (Ber., 1897, 30, 810), but more coriveniently 
as follows. ‘‘ Diethanolamine ” (16-8 g.) was heated with hydrobromic acid (80 c.c., saturated 
at 0°) for 5 hours in a sealed tube at 120—130°. The product, crystallised from ether—alcohol, 
yielded 20 g.,m. p. 210°. Treatment of the base with an ethereal solution of p-toluenesulphony] 
chloride as for the benzoyl] derivative did not give the p-toluenesulphony] derivative. 

A cetodi-B-bromoethylamide.—The preceding hydrobromide (3-0 g.) was dissolved in water 
(1—2 c.c.) and benzene (20 c.c.) and caustic soda (2 c.c. of 33%) were added: The benzene 
layer was rapidly separated, filtered through a paper moistened with benzene, and mixed with 
acetic anhydride (5 c.c.). The mixture rapidly warmed and next day crystals had separated. 
These were removed, and more were obtained from the mother-liquor on concentration. The 
product was soluble in water and was recrystallised from ethyl acetate and from alcohol-—ether ; 
m. p. 107° (Found: N, 5-2. C,H,,ONBr, requires N, 5-1%). It decomposed at 25—30° 
after some months. 

Benzodi-8-bromoethylamide.—®8’-Dibromodiethylamine hydrobromide (6-24 g.) was dis- 
solved in water (10 c.c.) and solutions of benzoyl chloride (3-5 g.) in ether (80 c.c.) and caustic 
soda (25 c.c. of 2N) were slowly added with good shaking. The aqueous layer still gave a 
turbidity with caustic soda, and more benzoyl chloride and caustic soda were added until this 
reaction was no longer shown. Next day the ethereal layer was washed with dilute caustic 
soda solution, and hydrochloric acid (20 c.c. of 10%) added. A heavy oil separated which soon 
crystallised. Recrystallised from aqueous alcohol containing a little hydrochloric acid, the 
product had m. p. 165° (Found: N, 3-9. C,,H,,ONBr,,HCl requires N, 3-8%). From the 
hydrochloride the hydrobromide was prepared; it crystallised from ethyl alcohol, containing 
hydrogen bromide, in fine silky needles, m. p. 135° (Found: N, 3-4. C,,H,;ONBr,,HBr 
requires N, 3-4%). 


One of us (D. H. P.) thanks Professor Sir W. J. Pope for suggesting this investigation and 
for permission to do part of the work in the Cambridge Laboratories. We also thank the 
University of Rangoon for a grant. 
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282. Reactions between Hexamethylenetetramine and Phenolic Com- 
pounds. Part II. Formation of Phenolic Aldehydes. Distinctive 
Behaviour of p-Nitrophenol. 

By J. C. Durr and E. J. Bits. 


Part I (J., 1932, 1987) described the preparation of 3- and 5-aldehydosalicylic acids from 
an aqueous solution of salicylic acid and hexamethylenetetramine. The reactions of «- 
and 6-naphthols with the latter compound have now been studied. In aqueous-alcoholic 
solutions the products were the same as those obtained when using formaldehyde in place 
of hexamethylenetetramine; 8-naphthol yielded 1 : 1’-methylene-2 : 2’-dinaphthol, whilst 
a-naphthol yielded a complex amorphous compound apparently identical with that ob- 
tained by Breslauer and Pictet (Ber., 1907, 40, 3786) using formaldehyde. 

It was found, however, that if the reaction was effected by heating in acetic acid solu- 
tion, B-naphthol yielded a yellow crystalline Schiff’s base, 2 : 2’-dihydroxy-1-naphthylidene- 
l'-naphthylmethylamine (1), readily hydrolysed by acids into the aldehyde and amine, 
thereby affording a new and more convenient method for preparing these two compounds. 


(I.) OH*C,)H,-CH:N-CH,°C,,H,-OH (Ci9H,*O-CH,),NH (IL) 
The formation of (I) may be represented by the equation 
N,(CH,), + 4CyH,-OH —> 2(I) + 2CH,*NHg. 
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Betti (Gazzetta, 1904, 34, 212) obtained a crystalline compound, N(CH,°C,)H,°OH),, 
from $-naphthol, formaldehyde, and alcoholic ammonia. 

a-Naphthol and hexamethylenetetramine when heated in a mixture of alcohol and acetic 
acid yielded a yellow compound, s-di-a-naphthoxydimethylamine (II), which differed 
from (I) in not dissolving in aqueous sodium hydroxide and in undergoing hydrolysis to 
formaldehyde, ammonia, and a resinous product. Our results therefore differ from those 
of Marotta and Alessandrini * (Gazzetta, 1931, 61, 977), who state that similar compounds 
result from both naphthols, through condensation of 3 mols. of naphthol with 1 mol. of 
trimethanolamine; their method of preparation, however, involved aqueous dilution, 
and their compounds resinified easily. They also state that phenol under similar conditions 
yields a compound corresponding to union of 2 mols. with 1 mol. of trimethanolamine, 
but we find that the product varies in composition according to the time of heating. 

We heated salicylic acid and hexamethylenetetramine together in acetic acid solution ; 
no compound separated from the resulting yellow solution, even on addition of water, 
but subsequent hydrolysis with hydrochloric acid yielded 3- and 5-aldehydosalicylic acids. 
This method of preparation is more rapid than that described in Part I (Joc. cit.), but again 
we were unable to separate the intermediate compound which yields the aldehydes on 
hydrolysis. As salicylic acid does not yield a derivative corresponding to the 6-naphthol 
derivative (I), the most probable reaction appears to be 

N(CH,*N:CH,); + 3HO-C,H,CO,H —> NH; + 3HO:C,H;-CO,H 
CH,°N:CH, 
followed by isomerisation and hydrolysis : 
HO-C,H;CO,H ~— HO-C,H;°CO,H H,0 HO-C,H,;°CO,H 
CH,°N:CH, CH:N-CH, © Cipte:s HO + CH,;-NH,. 
This would also apply to the formation of the aldehydes by the method in Part I (loc. cit.). 

We were unable to obtain any definite compound from interaction between 2-hydroxy- 
3-naphthoic acid and hexamethylenetetramine either in aqueous or in acetic acid solution. 
m- and p-Hydroxybenzoic acids also failed to yield any derivatives under similar conditions. 
The behaviour of nitrophenols has also been examined. Neither in aqueous nor in acetic 
acid solution could any definite compound be obtained from o- and m-nitro- or from dinitro- 
phenols. #-Nitrophenol and hexamethylenetetramine when heated in acetic acid gave 
only resinous products, but from cold aqueous-alcoholic solution there was obtained an 
addition compound, C,H,.N,,2HO-C,H,NO,. Prolonged heating of #-nitrophenol in 
aqueous hexamethylenetetramine solution at 100° yielded a yellow compound, N-hydroxy- 
methylbis-5-nitro-2-hydroxybenzylamine (III), very stable in hot aqueous sodium hydroxide 


OH OH OH OH 
CH,-N—CH, CH,*NH-CH,- 
CH,-OH 
No, No, NH, NH, 


(III) (IV.) 


and dilute mineral acid solutions. It forms a red disodium derivative, and also salis with 
mineral acids. On oxidation (III) yields 5-nitrosalicylic acid and ammonia, and on 
reduction it affords the hydrochloride of bis-5-amino-2-hydroxybenzylamine (IV). It is not 
attacked by nitrous acid and forms only a dibenzoyl derivative. The foregoing reaction 
confirm the constitution of (III). Its formation apparently is due to the hydrolysis of 
hexamethylenetetramine to trimethanolamine, which condenses with #-nitrophenol. 
Both ammonia and formaldehyde were evolved in the course of the preparation. 


EXPERIMENTAL. 
3- and 5-Aldehydosalicylic Acids.—Salicylic acid (10 g.) and hexamethylenetetramine 
(10 g.) were dissolved in anhydrous acetic acid (40 c.c.) and heated for 6 hours in boiling water. 


* The nitrogen contents of these authors’ compounds are all appreciably higher than required by 
their suggested formule. 
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The hot solution was mixed with 80 c.c. of boiling water and 50 c.c. of concentrated hydrochloric 
acid and cooled after 10 minutes. The pale yellow crystalline product was separated by the 
method described in Part I (foc. cit.), and 3- and 5-aldehydosalicylic acids (1-1 and 2 g. respec- 
tively) and unchanged salicylic acid were isolated. 

Compound (I).—When $-naphthol (10g.) and the above quantities of hexamethylenetetramine 
and acetic acid were similarly heated for 1 hour, this compound separated in almost quantitative 
yield as a microcrystalline powder. It was collected and well washed with alcohol (Found : 
C, 81-0; H, 5-2; N, 4-5. C,,H,,O,N requires C, 80-7; H, 5-2; N,4:3%). Its hydrochloride formed 
pale yellow crystals from alcohol (Found: HCl, 9-8. C,.H,,O,N,HCl requires HCl, 10-0%). 
(1) forms a yellow crystalline sodium derivative from 10% aqueous sodium hydroxide, but this is 
hydrolysed in water, and the original material is regenerated on addition of dilute acetic acid. 

Hydrolysis. A solution of the Schiff’s base (7 g.) in boiling alcohol (70 c.c.) was mixed with 
concentrated hydrochloric acid (10 c.c.) and 15 c.c. of hot water and refluxed for 1} hours on 
the water-bath. The colourless needles which separated on cooling were recrystallised from 
300 c.c. of alcohol; yield 3g. The substance was the hydrochloride of 2-hydroxy-1-naphthyl- 
methylamine (Found: N, 6-7; HCl, 17-6. Calc. for C,,H,,ON,HCl: N, 6-7; HCl, 17-4%). 
The reactions and m. p.’s of the salt and of the free base were identical with those described 
by Betti (Gazzetta, 1906, 36, 388). 

The mother-liquor from the hydrolysis was mixed with 2 vols. of water, and the resulting 
precipitate was crystallised from 40 c.c. of 70% acetic acid, yielding 3-2 g. of 2-hydroxy-1- 
naphthaldehyde (Found: C, 76-5; H, 4:8. Calc. for C,,H,O,: C, 76:7; H, 46%), identified 
by its reactions, and mixed m. p. (82°) with a specimen prepared by the Reimer—Tiemann process. 

Compound (II).—a-Naphthol (4 g.) in alcohol (40 c.c.) was mixed with a hot solution of 
hexamethylenetetramine (3 g.) in acetic acid (40 c.c.), and the solution heated with constant 
shaking for 20 minutes on a boiling water-bath, filtered at once, and the compound (II) washed 
with alcohol, being obtained as a microcrystalline yellow powder (Found: C, 79-7; H, 5-6; 
N, 4:5. C,,H,,O,N requires C, 80-2; H, 5-8; N, 43%). It gave a blue colour in concentrated 
sulphuric acid. Pale yellow crystals of a hydrochloride were obtained from acetic acid solution 
(Found: HCl, 9-9. C,,H,,O,N,HCI requires HCl, 10-0%). (II) did not dissolve in hot aqueous 
sodium hydroxide, and when heated with dilute sulphuric acid yielded only formaldehyde and 
a resinous product which dissolved to a green solution in aqueous sodium hydroxide. 

Hexamethylenetetramine-di-p-nitrophenol, m. p. 128°, separated in colourless leaflets when 
solutions of p-nitrophenol (10 g. in 50 c.c. alcohol) and hexamethylenetetramine (10 g. in 40 c.c. 
water) were mixed at 15° [Found : C,H,,N,, 33-8;. p-nitrophenol (by TiCl,), 66-0. 

C,H,,.N,,2HO’C,H,*NO, 
requires C,H,,N,, 33-5; HO»C,H,*NO,, 665%). On boiling in aqueous solution it yielded 
ammonia and formaldehyde. 

Compound (III).—p-Nitrophenol (10 g.) was dissolved in a hot solution of hexamethylene- 
tetramine (10 g. in 100 c.c. water), and the solution heated at 100° for 12 hours. The compound 
separated as a yellow sandy powder and was obtained pure after digestion with boiling alcohol 
(yield 5 g.), m. p. 255° (decomp.) (Found: C, 51-8; H, 4:2; N, 12-1; NO,, 26-4. C,;H,,O,N; 
requires C, 51-6; H, 4-3; N, 12-0; NO,, 26-4%). Itisinsoluble in water and in organic solvents, 
but dissolves in hot 10% aqueous sodium hydroxide, the cooled solution depositing the disodium 
derivative as trihydrate, red crystals (Found: Na, 10-5; N, 9:3; NO,, 20-7; H,O, 12-1. 
C,;H,,;0,N,Na,,3H,O requires Na, 10-5; N, 9-4; NO,, 20-6; H,O, 12-1%); this derivative is 
hydrolysed in water and addition of dilute acid regenerates (III) quantitatively. The hydro- 
chloride of (III) forms small colourless crystals (Found: HCl, 9-4. C,;H,,0,N;,HCl requires 
HCl, 9-5%). A sulphate and a phosphate were obtained in colourless crystals (Found : H,SO,, 
21-7. C,;H,,;0,N3,H,SO, requires H,SO,, 21:9%. Found: H,PO,, 21-9. C,,;H,,0,N;,H,PO, 
requires H,PO,, 21-9%). All three salts are hydrolysed in water. The dibenzoyl derivative 
of (III) crystallised from benzene—alcohol in colourless crystals, m. p. 181° (Found: N, 7:3. 
C.9H,,0,N, requires N, 7-5%); it could not be hydrolysed on boiling with 60% phosphoric acid. 

Oxidation of (III).—A solution of (III) (2-5 g.) and potassium hydroxide (2 g.) in 50 c.c. of 
water was heated at 100° while potassium permanganate (3 g.) was added in small portions 
during lhour. On filtering, acidifying the filtrate with dilute hydrochloric acid, and crystallising 
the precipitate from acetic acid, 5-nitrosalicylic acid (1 g.) was obtained (identified by equiv., 
properties, and mixed m. p. 228°). 

Reduction of (III).—5 G. of (III) in 150 c.c. of concentrated hydrochloric acid were reduced 
by adding 30 g. of tin and heating at 100° for 3 hours. After removal of tin by hydrogen 
sulphide, evaporation of the filtrate yielded colourless crystals of the hydrochloride of (IV) 
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(Found : HCl, 29-4; N, 11-2. C,,H,,O,N;,3HCI requires HCl, 29-1; N, 11-56%). The salt was 
very soluble in water and showed the usual reactions of an aminophenol salt. The free base was 
precipitated by sodium carbonate but was not obtained crystalline. During the reduction, 
formaldehyde was evolved, and this accounts for the difference in the structures of (IV) and (III). 
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283. Addition of Hydrogen Bromide to Double Bonds. Ethyl Un- 
decenoate, Undecenol, and Undecenyl Acetate. 


By RonaALD AsHTON and J. C. SMITH. 


It has been shown (this vol., p. 435) that the “ normal ” addition of hydrogen bromide to 
undecenoic acid gives rise to 10-bromoundecoic acid, whereas the “ peroxide-catalysed ”’ 
addition yields the 11-bromo-isomeride. Similar conditions are now found to govern the 
reaction between hydrogen bromide and ethyl undecenoate in dilute benzene or ligroin 
solution : esterification of the carboxyl group has had no appreciable effect on the reaction. 

The behaviour of undecenol towards hydrogen bromide has been investigated by Chuit, 
Boelsing, Hausser, and Malet (Helv. Chim. Acta, 1926, 9, 1074), who found that the product 
was 10-bromoundecanol or 1:10-dibromoundecane according to the temperature. 
Owing to the importance of 1 : 11-dibromoundecane in the synthesis of dicarboxylic acids, 
several attempts were made by Chuit and his co-workers to prepare this dibromide from 
undecenol. On analogy with undecenoic acid and ester, the presence of a peroxide should 
favour terminal addition of the bromine atom to undecenol, but because of the counter- 
effect of the hydroxyl group, neither perbenzoic acid nor «-heptenylheptaldehyde exerted 
the desired influence. Obviously, the use of an ester should avoid this difficulty, and 
it was found that undecenyl acetate in the presence of a peroxide catalyst readily yielded 
the required 11-bromo-compound ; furthermore, addition of hydrogen bromide in presence 
of hydrogen gave the 10-bromo-isomeride. 

From these experiments it appears that the discovery of the “ peroxide factor” 
(Kharasch and Mayo, J. Amer. Chem. Soc., 1933, 55, 2468) should solve the preparative 
difficulties involving orientation of addition of hydrogen bromide to compounds with 
terminal double bonds. 

The results are summarised in the table. 





Main 
Expt. Substance. Solvent. In presence of product. Remarks. 
(a) Et undecenoate Benzene Air + C,,H,,0* 11-Bromo- 
” ” ” H, -{- NHPh, 10- ” 
i sa Ligroin Air BBe. 60 Catalytic impurity from un- 
decenoic acid still present. 
» » - H, + NHPh, 10- ,, 


Undecenol Benzene Air + Ph°CO,H 10-Bromo- 
” - Air +C,,H,O 10- ,, 
- Ligroin - i‘ 10-_,, 
0 vi H, + NHPh, 10- _,, 
Undecenyl acetate Benzene Air +C,,H,,0 11-Bromo- Passed HBr immediately. 
- ” ™ ai am 11- Left 36 hrs. before passage of 
HBr. 
” H, 10- ” 
Ligroin Air+C,,H,,O Il- ,, Rapid reaction with HBr. 
H, + NHPh, 10- Slow reaction with HBr. 


* a-Heptenylheptaldehyde. 


EXPERIMENTAL. 


11-Bromoundecoic Acid.—This important compound has previously been made only from 
impure undecenoic acid; after several crystallisations from ligroin it did not melt sharply ina 
capillary tube (50° in some specimens, 51° in others, softening some degrees below). Undecenoic 
acid (3 g. of f. p. 24-4°) was dissolved in pure benzene (20c.c.), water (0-5c.c.) added, and hydrogen 
bromide passed at 0° to saturation. After standing for 10 mins., the solution was evaporated ina 
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vacuum, leaving a product of m. p. 46-5°. 15 G. of bromo-acid (m. p. 46—47°) obtained as above, 
on crystallisation from purified ligroin (120 c.c.) at 0° gave 11-5 g. after removal of solvent. The 
m. p. Was now 48-8°, and in a capillary tube the substance softened at 45°, melting at 48-5—50°. 
Recrystallisation from ligroin (220c.c. ; b. p.60—80°) gave 9-1 g.,m. p.49-05—49-1° (inacapillary, 
soft at 48°, m. p. 49-5—51°). Recrystallised from carbon tetrachloride (40 c.c.) at 0°, the 9 g. 
gave 4-6 g.,m. p. 49-25°. Distillation at 0-4 mm. followed by crystallisation from ligroin failed 
to alter this m. p. (Found: Br, 30-3. Calc.: Br, 30-2%). Ina capillary tube the glistening 
plates softened at 49-5° and melted at 51°, but if much material was taken, or if the heating was 
rapid, m. p.’s of 52° were observed. The lower-melting form previously indicated (this vol., 
p. 440) is probably stabilised by traces of impurity, so that low softening points are observed and 
the solubility greatly increased. 

Some large-scale preparationsof 11-bromoundecoic acid from undecenoic acid of m.p. 21—22° 
in purified ligroin solution with a stream of hydrogen bromide mixed with air were carried out at 
temperatures up to 40°. The mixture with excess of hydrogen bromide was kept over-night, 
then cooled to — 10°, and filtered (yields 80—85%). This procedure avoided the tendency of the 
product to crystallise early and block the delivery tube. 

11-Iodoundecoic Acid.—11-Bromoundecoic acid (10 g., m. p. 50°) was added to a solution of 
sodium iodide (10 g.) in acetone (60 c.c.), and the mixture boiled under reflux for 1 hr. After 
removal of the solvent and addition of water, the iodide was extracted with ether. The acid, 
11-6 g. of m. p. 66°, crystallised from ligroin in flat plates, m. p. 66°; recrystallised from carbon 
tetrachloride, it still had m. p. 66°, and in the Beckmann apparatus had f. p. 65-6°, m. p. 65-6° 
(Found: I, 40-5. C,,H,,O,I requires I, 40-7%). 

10-Hydroxyundecoic Acid.—During the preparation of 10-bromoundecoic acid (this vol., 
p. 439), it was noticed that the olefin reacted completely only after some hours at room temper- 
ature, indicating the slowness of the ‘‘ normal”’ reaction. The product was pure enough to be 
crystallised from ligroin without previous purification by partial freezing. By the action of 
potassium acetate and acetic acid, followed by hydrolysis, 10-bromoundecoic acid m.p. 35° gave 
the hydroxy-compound (together with some olefin) which, twice crystallised from benzene— 
ligroin, had m. p. 49—49-5° (softening at 47°). There is also a metastable form of m. p. approx. 
34°. Chuit et al. (loc. cit.) give m. p. 49-5°. 

Addition of Hydrogen Bromide to Ethyl Undecenoate-—Hydrogen bromide was prepared as 
previously described and was not dried. The benzene was of A.R. quality, and the ligroin 
(b.p. 60—80°) was free from olefins (this vol., p. 439). As reaction vessels for 10—20 g. quantities 
of the olefins, conical flasks (150—250c.c.) were used. a-Heptenylheptaldehyde was prepared as 
before from heptaldehyde; in acetic acid solution it yielded a semicarbazone (m. p. 77°, from 
ligroin), which rapidly decomposed on standing and gave low values for nitrogen on analysis. 

Undecenoic acid, f. p. 22-5°, gave an almost quantitative yield of the ethyl ester, b. p. 130— 
134°/15 mm. (Griin and Wirth, Ber., 1922, 55, 2208). The specimen probably retained some 
of the catalytic impurity present in undecenoic acid, but for the present purpose further 
purification was unnecessary. 

(a) Hydrogen bromide was passed into a solution of the ester (10 g.) and «-heptenylheptal- 
dehyde (1 g.) in pure benzene (50c.c.) at 0° for 40 mins. After removal of the solvent, 11g. of the 
residual bromo-ester were converted through the acetate into the hydroxy-acid (yield 7 g., m. p. 
50—55°). Once crystallised from benzene, the substance melted at 65—66° and, again 
crystallised from benzene, at 67—68°, either alone or when mixed with a specimen of 11-hydroxy- 
undecoic acid, m. p. 67—68°, prepared from the pure 11-bromo-acid (compare Walker and 
Lumsden, J., 1901, 79, 1191). 

(6) The ester (15 g.) and diphenylamine (0-1 g.) were dissolved in benzene (60 c.c.) at 0°. 
After the air had been displaced by a stream of hydrogen, hydrogen bromide was passed for 
40 mins., and the flask then left for 3 hrs. at room temperature. The bromo-ester as in (a) was 
converted into hydroxy-acid, and the product distilled. Approx. 4g. of unsaturated ester distilled 
at 130—165°/0-4 mm. and 10 g. at 165—-174°. The second fraction, which only slowly reduced 
permanganate solution, melted partly at 28—30°, resolidified, and then melted at 43°. Twice 
crystallised from benzene-ligroin, it gave 4 g. of m. p. 48°, or mixed with 10-hydroxyundecoic 
acid (m, p. 49°) at 48—49°. The production of olefin during the conversion of secondary bromide 
into the hydroxy-compound was also observed by Chuit (/oc. cit.). 

(c) Into a solution of the ester (10 g.) in ligroin (50 c.c.) at 0°, hydrogen bromide mixed with 
air was passed for 30 mins., and then for 10 mins. at 15°. The bromo-ester was converted into 
hydroxy-acid (8 g., m. p. 56°) which, once crystallised from benzene, melted at 66° or at 67° when 
mixed with a specimen of 11-hydroxyundecoic acid. 
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(d) Toasolution of ester (20 g.) in ligroin at 0°, diphenylamine (0-2 g.) was added, and the air 
displaced with hydrogen. Hydrogen bromide free from air was passed for 40 mins., and the 
mixture left over-night, air being excluded. The hydroxy-acid from the product melted at ca. 
17° and, recrystallised from benzene-ligroin, at 47° (yield 12 g.) (Found: C, 65-4; H, 10-9. 
Calc. for C,,H,,0,: C, 65-3; H, 10-9%). Mixed with 10-hydroxyundecoic acid, m. p. 49°, it 
melted at 48—49°, and with the 11-hydroxy-isomeride at 38—42°. 

Addition of Hydrogen Bromide to Undecenol.—Ethy] undecenoate from undecenoic acid, f. p. 
22-5°, was reduced to undecenol, b. p. 130°/14 mm., in 76% yield (Griin and Wirth, /oc. cit.). 

Preliminary experiments showed that the addition of hydrogen bromide to undecenol in the 
presence of perbenzoic acid or of diphenylamine gave the same product, the crude 3 : 5-dinitro- 
benzoates melting in each case at about 10°. It appeared preferable, however, to identify the 
bromo-compounds by conversion into the glycols in order to take advantage of the great difference 
in physical properties between undecane-1 : 10- and -1 : 11-diol. 

The products from experiments (a), (b), and (c) (Table 1) were converted into glycols which, 
after fractional distillation to remove olefins, melted at 27—34°, a metastable form of m. p. ca. 8° 
separating first on cooling. Crystallisation (from benzene-ligroin, and other solvents) was 
difficult, the glycol usually separating as an oil. Eventually the m. p. in each case was raised to 
44—-47°, not depressed on admixture with the 1 : 10-diol from (d) below. 

(d) Undecenol (10 g.) was dissolved in ligroin, the air displaced with hydrogen, and hydrogen 
bromide passed in for 30 mins. at 0°. After the mixture had been kept for 3 hrs. at 0°, two layers 
were present, and the solvent was removed ina vacuum. Fractional distillation of the acetate 
from this product yielded 4-5 g., b. p. 125—150° (strongly unsaturated), and 7-1 g., b. p. 160—165/ 
0-6 mm. (saturated). The second fraction hydrolysed to glycol, m. p. 39°, raised by crystallisa- 
tion from benzene-ligroin to 47—48° (Found: C, 70:1; H, 12-7. Calc. for C,,H,O,: C, 70-2; 
H, 12-8%). Chuit et al. (loc. cit., p. 1080) give 48-5° as the m. p. of undecane-1 : 10-diol. 

Addition of Hydrogen Bromide to Undecenyl Acetate-—(a) To a solution of the acetate (10 g., 
b. p. 140—142°/15 mm.) in benzene (50 c.c.), «-heptenylheptaldehyde (1 g.) was added, and a 
stream of hydrogen bromide containing air passed in for 30 mins. at 0°. The product was 
converted into diacetate, and hydrolysis with aqueous-alcoholic potassium hydroxide gave a 
product which crystallised on dilution of the alkaline liquid. Recrystallised from benzene 
(150 c.c.), it yielded 6 g., m. p. 61—62°, alone or mixed with a specimen of undecane-1 : 11-diol, 
m. p. 62°, obtained by reduction of 11-hydroxyundecoate, m. p. 19°. 

(6) Quantities as in (a); for details, see table. The product was refluxed for 5 hrs. with 
hydrogen bromide solution (d 1-5), and gave 8-5 g. of dibromide, b. p. 190—192°/18 mm. By 
heating the dibromide with a solution of sodium iodide (10 g.) in acetone (60 c.c.), a di-iodide was 
obtained, m. p. 20°, raised by two crystallisations from ethyl alcohol to 29—30°. Mixed with 
1 : 11-di-iodoundecane, m. p. 31°, it melted at 30—31°. 

(c) Acetate (7 g.) in benzene (30c.c.). Hydrogen was passed in, and then hydrogen bromide 
at 0°. The mixture was left for 1 hr. at 15°, and the product converted into glycol as usual. 
Much undecenol was recovered (again showing the slowness of the ‘‘ normal”’ reaction), and 3 g. 
of glycol, m. p. 27°. Twice crystallised from benzene, it melted at 42° (0-5 g.), and at 43—44° 
when mixed with the 1 : 10-diol. 

(2) A solution of acetate (7 g.) and a-heptenylheptaldehyde (0-7 g.) in ligroin (40 c.c.) was 
treated with hydrogen bromide and air for 20° mins. at 0°, and the solvent removed almost 
immediately. The crude glycol from this was a yellow solid, m. p. 40°. Crystallised from 
benzene, it gave 3 g., m. p. 55°, and after a second crystallisation, 1 g., m. p. 61°. 

(e) A solution of acetate (10-5 g.) in ligroin (40 c.c.) was treated with hydrogen and then with 
hydrogen bromide; after 1 hr. at 0°, two layers were present. The product (by the usual process) 
was mainly undecenol, and only 1 g. of a glycol fraction. This yielded 0-4 g. of glycol, 
m. p. 40—42°, depressed to 36—39° by addition of a small amount of the 1 : 11-glycol and raised 
to 44—45° by admixture with the 1 : 10-glycol. 

1 : 11-Di-iodoundecane.—Dry hydrogen bromide was passed into undecylene glycol (4-5 g., 
m. p. 62°) at 130°. The resulting dibromide, b. p. 185°/13 mm., heated with a solution of sodium 

iodide in acetone, yielded the di-iodide, m. p. 29—30°, and 31° after recrystallisation from ethy] 
alcohol (Found: I, 61-9. Calc.: 62-2%). von Braun and Danziger (Ber., 1912, 45, 1977) 
describe this substance as an oil. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, June 21st, 1934.] 








om —™ 2.) 60> mt RRO ODOM OR SO 8m RO eee i 


2 afb OoOom™ |] OB OG 08 Bb 


— Ps et © 66 2 OD FY © WD WD 


se © 


Studies in the Pyrone Series. Part I. 1311 


284. Studies in the Pyrone Series. Part I. Alkyl Benzo-y-pyrones 
and a-Naphtha-y-pyrones. 


By I. M. Hersron, D. H. Hey, and A. Lowe. 


IN a previous communication (Heilbron, Heslop, and Howard, J., 1933, 1263) it was 
pointed out that, whereas the action of acetic anhydride and fused sodium acetate on 
2-hydroxy-4-methoxyacetophenone gave rise to 7-methoxy-2-methylchromone (Nagai, 
Ber., 1892, 25, 1284; Kostanecki and RéZycki, Ber., 1901, 34, 102), the use of propionic 
anhydride and fused sodium propionate resulted in the formation of 7-methoxy-3: 4- 
dimethylcoumarin. It was therefore evident that the Kostanecki reaction could not be 
relied upon as a general method of chromone synthesis. This conclusion is further con- 
firmed by the fact that Wittig, Baugert, and Richter (Amnalen, 1925, 446, 178) were able 
to isolate both 2-methylchromone and 4-methylcoumarin from the product of the action 
of acetic anhydride and fused sodium acetate on o-hydroxyacetophenone. The 
applicability of this compound to the Kostanecki reaction has also been the subject of 
comment by Venkataraman and his co-workers (J., 1931, 1165; 1933, 1073). It has 
further been observed (Bargellini, Aiéi R. Accad. Lincei, 1925, 2, 178, 261; Baker and 
Eastwood, J., 1929, 2900) that the use of phenylacetic anhydride and sodium phenyl- 
acetate in the Kostanecki reaction leads to coumarin, and not chromone, formation. 
This has been attributed to the reactivity of the methylene group in phenylacetic acid 
(Baker and Eastwood, Joc. cit.; Chadha, Mahal, and Venkataraman, J., 1933, 1460), but 
the present investigation clearly shows that other considerations may also be involved. 

As a preliminary to the investigation of the effect of the anhydrides and sodium salts 
of various acids on o-hydroxy-ketones, it became necessary to prepare certain 2-alkyl- 
chromones by methods devoid of all ambiguity. Recourse was therefore made to the 
condensation of ethyl esters of the aliphatic series with the appropriate aromatic 
o-hydroxy-ketone in the presence of metallic sodium, with subsequent ring closure of the 
resulting diketone. This reaction has been previously employed by Kostanecki and others 
(Ber., 1900, 33, 330, 471; 1901, 34, 2942, etc.), and more recently by Wittig and his 
co-workers (Ber., 1924, 57, 88; Annalen, 1925, 446, 155) and by Baker (J., 1933, 1388), 
and by its means it is possible to isolate the diketone (I) as an intermediate product, 
which on ring closure can give only the required chromone (II). 


co 
CO-CH O-CH,:CO-CH,R \CH 
n( BR ®4+.C,H,OOCCH,R—>p{ )oq 2 = “Ow: CHR 


(L.) (II.) 


In this way the hitherto unknown 2-ethylchromone (II; R = CH, R’ = H), 7-methoxy- 
2-ethylchromone (II; R = CH, R’ = OCH,), 2-ethyl-«-naphtha-y-pyrone, and 7-methoxy- 
2-propylchromone (II; R = C,H;, R’ = OCH) have been prepared from ethyl propionate 
or butyrate and the appropriate o-hydroxyaryl methyl ketone. The 2-ethyl-a-naphtha- 
y-pyrone thus prepared (m. p. 111°) differs from the compound, m. p. 199—200°, prepared 
by Heilbron, Heslop, and Irving (J., 1933, 433) from 2-aceto-l-naphthol, propionic 
anhydride, and sodium propionate. The latter must thus be the isomeric 3 : 4-dimethyl- 
a-naphtha-a-pyrone, previously described by Chakravarti (J. Indian. Chem. Soc., 1931, 
8, 407), who gives m. p. 197—199°. Arising from this, the so-called 4-phenyl-2-ethyl- 
a-naphthapyrylium perchlorate and 4-phenyl-3’-methyl-«8-dinaphthaspivopyran of 
Heilbron, Heslop, and Irving (loc. cit.) are in reality 2-phenyl-3 : 4-dimethyl-a-naphtha- 
pyrylium perchlorate and 2-phenyl-3-methyl-«8-dinaphthazsospiropyran respectively 
(see also Heilbron, Heslop, and Howard, /oc. cit.). 

Attempts to prepare the corresponding 3-methyl] derivatives of the above chromones 
by employing an o-hydroxypropiophenone met with little success, although small yields 
of the required products could be obtained if sodamide was used in place of sodium during 
the condensation with fatty ester. The difficulty was effectively overcome, however, by 
methylating the intermediate diketone, obtained by condensation of the corresponding 
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o-methoxyacetophenone with the fatty ester, prior to ring closure. For instance, 2: 4- 
dimethoxyacetophenone (III) and ethyl propionate gave w-propiono-2 : 4-dimethoxyaceto- 
phenone (IV; R=C,H;), which on methylation and ring closure yielded 7-methoxy- 
3-methyl-2-ethylchromone (V; R = C,H;), while with ethyl butyrate the products were 
w-butyro-2 : 4-dimethoxyacetophenone (IV; R = C,H,) and 7-methoxy-3-methyl-2-propyl- 
chromone (V; R = C3H,) respectively. 


Me 
O-CH, O-CH,*COR O-CH-COR 
MeO Me ~ Me Me —> MeO Me —> Me 
(I1I.) (IV.) 


Similarly 1-methoxy-2-naphthyl methyl ketone on condensation with ethyl propionate 
yielded 2-propionoacetyl-l-naphthyl methyl ether, which on methylation and ring closure 
gave 3-methyl-2-ethyl-«-naphtha-y-pyrone. This procedure serves as a convenient 
method for the preparation of 3-methylchromones; the diketone obtained on condensation 
with the fatty ester need not be isolated, since, being obtained in the form of its sodium 
salt, it is ready for direct methylation. The final ring closure, which now involves the 
separation of methyl alcohol, is effected by means of hydrogen bromide in glacial acetic 
acid. In the examples quoted above, specimens of the intermediate diketones were 
isolated in each case, either in the free state or as pyrazole-carbonamides by condensation 
with semicarbazide. 

The 7-methoxy-3-methyl-2-ethylchromone and 3-methyl-2-ethyl-«-naphtha-y-pyrone 
thus obtained were identical with the corresponding compounds prepared by Heilbron, 
Heslop, and Irving (loc. cit.) from 2-hydroxy-4-methoxypropiophenone and 2-propiono- 
l-naphthol respectively by fusion with propionic anhydride and sodium propionate. 
The surprising result is thus revealed that, whereas an o-hydroxyaryl methyl ketone leads 
to coumarin production in the Kostanecki reaction with propionic anhydride and sodium 


propionate, the corresponding ethyl ketone under similar treatment gives a chromone. 
The course followed by the Kostanecki reaction is thus not only dependent on the acid 
anhydride and salt used, but is also influenced by the nature of the ketone. 
Methylenedioxystyryl derivatives were prepared from each of the 2-ethylchromones 
by the method of Heilbron, Barnes, and Morton (J., 1923, 128, 2565). The applicability 
of this reaction in establishing the y-pyrone structure is thus extended to 2-ethyl-y-pyrones, 
but the condensation is somewhat slower than with the corresponding 2-methyl-y-pyrones. 


EXPERIMENTAL. 


2-Propionoacetylphenol.—A solution of o-hydroxyacetophenone (20 g.; Freudenberg and 
Orthner, Ber., 1922, 55, 1749) in redistilled ethyl propionate (50 c.c.) was added to powdered 
sodium (8 g.), the whole being cooled in ice. After the initial vigorous action had subsided, 
the reaction was completed by 4} hour’s heating under reflux on the water-bath. The product 
was added to crushed ice (100 g.), and the yellow sodium salt collected, washed with ice-water 
and with ether, and then decomposed by treatment with glacial acetic acid (25c.c.). Addition 
of water caused the separation of 2-propionoacetylphenol (15 g.) as an oil, which rapidly solidified. 
Recrystallisation from light petroleum gave colourless plates, m. p. 60° (Found: C, 68-8; 
H, 6-4. C,,H,,O; requires C, 68-8; H, 6-3%). 

2-Ethylchromone.—The foregoing compound (10 g.) was boiled for 10 minutes with glacial 
acetic acid (40 c.c.) containing a few drops of concentrated hydrochloric acid. The solution 
was poured into water, and the yellow oil which separated was extracted with ether, washed 
successively with dilute alkali and water, and dried. On evaporation of the solvent, 2-ethyl- 
chromone (8-5 g.) was obtained as a yellow oil which slowly solidified. It separated from ether-— 
light petroleum in colourless needles, m. p. 18° (Found: C, 76-1; H, 6-0. C,,H, )O, requires 
C, 75-8; H, 5-8%). After hydrolysis by 1 hour’s boiling with 2N-sodium hydroxide, salicylic 
acid (m. p. and mixed m. p. 155°) was obtained on acidification. 

3’ : 4’-Methylenedioxy-2-a-methylstyrylchromone.—(a) A solution of 2-ethylchromone (2 g.) 
and piperonal (1-8 g.) in alcohol was treated with a solution of sodium ethoxide (from 0-3 g. Na), 
and the whole kept at room temperature for 4 days. The crude condensation product was 
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separated from the dark red solution and crystallised from alcohol, giving pale yellow needles, 
m. p. 147° (Found : C, 74:8; H, 4-6. C,,H,,O, requires C, 74-6; H, 4-6%). A further crop of 
the styryl compound was obtained on dilution of the mother-liquor with water. 

(b) Asolution of 2-ethylchromone (2 g.) and piperonal (1-8 g.) in dry chloroform was saturated 
with dry hydrogen chloride at 0°. After standing at room temperature for several days, the 
chloroform was evaporated and the styryl compound recovered from the dark red residue 
by addition of dilute alcoholic ammonia. Recrystallisation from absolute alcohol om yellow 
needles, m. p. 146—147°. 

Unless other details are given, the following compounds were prepared by the general 
methods described above, method (a) being used for the styryl derivatives. 

5-Methoxy-2-propionoacetylphenol.—Prepared from  2-hydroxy-4-methoxyacetophenone 
(23 g.), dry ethyl propionate (50 c.c.), and powdered sodium (8 g.), pure 5-methoxy-2-propiono- 
acetylphenol (16 g.) separates from light petroleum in needles, m. p. 101° (Found: C, 64-8; 
H, 6-4. C,,.H,,O, requires C, 64-8; H, 6-3%). 

7-Methoxy-2-ethylchromone (8-5 g.), prepared from the foregoing compound (10 g.), crystallises 
from light petroleum in needles, m. p. 81° (Found : C, 70-6; H, 6-2. C,,.H,,03 requires C, 70-6; 
H, 5-9%). The 3’ : 4’-methylenedioxystyryl derivative forms pale yellow needles (from alcohol), 
m. p. 130° (Found: C, 71-6; H, 4-6. C,9H,,O, requires C, 71-4; H, 4-8%). 

2-Propionoacetyl-1-naphthol.—2-Aceto-1-naphthol (32 g.), ethyl propionate (60 c.c.), and 
powdered sodium (8 g.) gave 2-propionoacetyl-1-naphthol (20 g.), which crystallises from light 
petroleum in brown needles, m. p. 75—76° (Found: C, 74:9; H, 5-7. C,;H,,O3; requires 
C, 74:5; H, 58%). This preparation, up to the decomposition of the sodium salt with acetic 
acid, must be carried out in an atmosphere of nitrogen. 

2-Ethyl-a-naphtha-y-pyrone, obtained from 2-propionoacetyl-l-naphthol, separates from 
aqueous alcohol in pale yellow plates, m. p. 111° (Found: C, 80-3; H, 5-2. C,;H,,O, requires 
C, 80-4; H, 54%). The 3’: 4’-methylenedioxystyryl derivative crystallises from absolute 
alcohol in brown needles, m. p. 209° (Found: C, 77:7; H, 4:3. C,3H,,O, requires C, 77-5; 
H, 45%). 

5-Methoxy-2-butyroacetylphenol.—A solution of 2-hydroxy-4-methoxyacetophenone (20 g.) 
in redistilled ethyl butyrate (35 c.c.) was added to powdered sodium (5 g.), the whole being 
cooled in ice. The reaction was completed by heating under reflux at 120° for 45 minutes. 
The diketone, obtained on decomposition of the sodium salt in the usual manner, was extracted 
with ether, evaporation of which yielded 5-methoxy-2-butyroacetylphenol as a red oil (12 g.). 
It was characterised by its conversion (by treatment with alcoholic semicarbazide acetate) 
into 5(3 ?)-(2’-hydroxy-4'-methoxyphenyl)-3(5 ?)-propylpyrazole-1-carbonamide, which crystallised 
from absolute alcohol in fine yellow needles, m. p. 215° (Found: N, 15-5. C,,H,,O;N; 
requires N, 15-:3%). 

7-Methoxy-2-propylchromone, obtained from 5-methoxy-2-butyroacetylphenol, separates 
from alcohol in plates, m. p. 83° (Found: C, 71-8; H, 6-7. C,;H,,0O,; requires C, 71-6; 
H, 6-4%). 

w-Propiono-2 : 4-dimethoxyacetophenone.—A solution of 2 : 4-dimethoxyacetophenone (30 g., 
m. p. 39—40°; Perkin, Robinson, and Turner, J., 1908, 93, 1108) in redistilled ethyl propionate 
(60 c.c.) was added to powdered sodium (4 g.). After the initial vigorous action, which was 
controlled by cooling in ice-water, had subsided, the action was completed by heating under 
reflux on the water-bath for } hour. The sodium salt of the diketone (25 g.) was precipitated 
with ether, filtered, and washed free from tarry by-products with ether. A portion of the 
sodium salt (2 g.) was converted into w-propiono-2 : 4-dimethoxyacetophenone by treatment 
with acetic acid (5 c.c.) and pouring into water. The crude diketone was crystallised from 
alcohol, giving needles, m. p. 72° (Found: C, 66-4; H, 6-6. C,;H,,O, requires C, 66-1; 
H, 6-7%). 

a-Propiono-2 : 4-dimethoxypropiophenone.—(Method a.) Thedry sodium salt of the foregoing 
compound (20 g.), dry acetone (250 c.c.), and methyl iodide (11 g.) were heated together for 
4 hours under reflux. After removal of the acetone, the residue was treated with water, where- 
upon a yellow oil separated, which gradually solidified (16 g.). Pure a-propiono-2 : 4-dimethoxy- 
propiophenone was isolated by repeated crystallisation from aqueous alcohol, separating in 
needles, m. p. 80° (Found: C, 67-1; H, 7-0. C,,H,,O, requires C, 67-2; H, 7-2%). 

(Method 6.) Condensation between 2-hydroxy-4-methoxypropiophenone and ethyl pro- 
pionate could not be effected by means of sodium. Sodamide was therefore employed, and 
the difficulty of the small solubility of the sodium salt was overcome by using the dimethyl] ether 
of respropiophenone. A solution of 2 : 4-dimethoxypropiophenone (10 g.) in dry ether (100 c.c.) 
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and dry ethyl propionate (5 g.) was shaken with powdered sodamide (2-5 g.) and the mixture 
kept for three days. The small quantity of solid which separated was collected, treated with 
acetic acid, and poured into water; the oil which separated slowly solidified. Recrystallisation 
from aqueous alcohol gave needles (1 g.), m. p. 79—80°, both alone and on admixture with the 
product obtained by method (a). 

7-Methoxy-3-methyl-2-ethylchromone.—The preceding propiophenone (5 g.) was boiled for 
15 minutes with glacial acetic acid (50 c.c.) and hydrobromic acid (4 c.c.; d 1-49). On pouring 
into dilute alkali, an oil separated which slowly solidified. Recrystallisation from aqueous 
alcohol gave the chromone as colourless needles, m. p. 87° (3 g.) (Found: C, 71-6; H, 6-6. 
Calc. for C,s;H,,0,: C, 71-5; H, 65%). No depression in m. p. was produced on admixture 
with the compound prepared by Heilbron, Heslop, and Irving as mentioned on p. 1312. 

Acidification of the aqueous alkaline filtrate yielded 2-hydroxy-4-methoxypropiophenone, 
m. p. 58° (1-5 g.). 

7-Methoxy-3' : 4'-methylenedioxy-2-a-methylstyryl-3-methylchromone crystallised from absolute 
alcohol in yellow needles, m. p. 144—145° (Found : C, 72-3; H, 4-9. C,,H,,0,; requires C, 72-0; 
H, 5-1%). 

w-Butyro-2 : 4-dimethoxyacetophenone.—A solution of 2: 4-dimethoxyacetophenone (20 g.) 
in redistilled ethyl butyrate (30 c.c.) was added slowly to powdered sodium (3 g.). The initial 
reaction was controlled by cooling, after which the mixture was heated under reflux at 120° for 
45 minutes. Ether was added to the orange-red product, and the precipitated sodium salt 
(10 g.) collected, washed with ether, and dried over phosphoric oxide. A portion of the sodium 
salt was treated with glacial acetic acid, diluted with water, and extracted with ether. Evapor- 
ation of the solvent left w-butyro-2 : 4-dimethoxyacetophenone as a yellow oil, which would not 
solidify, but was characterised by formation of 5(3 ?)-(2’ : 4'-dimethoxyphenyl)-3(5 ?)-propyl- 
pyvazole-1-carbonamide, which separated from absolute alcohol in pale yellow needles, m. p. 
189—190° (Found: N, 14:8. C,;H,,O,;N; requires N, 145%). 

a-Butyro-2 : 4-dimethoxypropiophenone.—The dry sodium salt of w-butyro-2 : 4-dimethoxy- 
acetophenone (8 g.), dry acetone (75 c.c.), and methyl iodide (4 g.) were heated under reflux for 
4hours. After evaporation of the acetone, the residue was poured into water, extracted with 
ether, and dried. Removal of the ether left «-butyro-2 : 4-dimethoxypropiophenone as a pale 
yellow oil (4 g.). A portion of the diketone was treated with alcoholic semicarbazide acetate 
solution, and after 2 days at room temperature 5(3 ?)-(2’ : 4’-dimethoxyphenyl)-4-methyl-3(5 ?)- 
propylpyrazole-1-carbonamide separated, which crystallised from absolute alcohol in fine yellow- 
green needles, m. p. 226—227° (Found: N, 14-1. C,,H,,O,N; requires N, 13-9%). 

7-Methoxy-3-methyl-2-propylchromone was obtained on treatment of «a-butyro-2: 4-di- 
methoxypropiophenone (3 g.) with glacial acetic acid (15 c.c.) and hydrobromic acid (1 c.c. ; 
d 1-49), as previously described. The chromone crystallises from aqueous alcohol in needles 
(1 g.), m. p. 79° (Found : C, 72-3; H, 6-8. C,,H,,O, requires C, 72-4; H, 6-9%). Acidification 
of the alkaline filtrate gave 2-hydroxy-4-methoxypropiophenone (1 g.). 

1-Methoxy-2-naphthyl Methyl Ketone.—2-Aceto-l-naphthol (40 g.), dry acetone (300 c.c.), 
methyl iodide (50 c.c.), and anhydrous potassium carbonate (50 g.) were boiled under reflux 
with vigorous stirring for 24 hours. The residue obtained after removal of solvent was poured 
into ice-cold alkali, and the ketone separated as an oil which slowly solidified. Recrystallised 
from alcohol, it formed large prisms, m. p. 50° (cf. Fries, Ber., 1921, 54, 711) (Found: C, 78-1; 
H, 6-2. Calc. for C,,H,,0,: C, 78-0; H, 6-0%). The semicarbazone, prepared in the usual 
manner, crystallised from alcohol in needles, m. p. 191° (Found : N, 16-5. C,,H,;O,N; requires 
N, 16-3%). 

2-Propionoacetyl-l-naphthyl Methyl Ether.—1-Methoxy-2-naphthyl methyl ketone (20 g.), 
dry ethyl propionate (30 c.c.), and powdered sodium (2-5 g.) gave, by the method described under 
«-propiono-2 : 4-dimethoxyacetophenone, the sodium salt (15 g.), a portion of which was 
treated with acetic acid and diluted with water, the ether being obtained as a yellow oil. On 
treatment with alcoholic semicarbazide acetate at room temperature for two days, 5(3 ?)- 
(1'-methoxy-2'-naphthyl)-3(5 ?)-ethylpyrazole-1-carbonamide separated, and was purified by 
recrystallisation from absolute alcohol, separating in fine colourless needles, m. p. 174—175° 
(Found: N, 14-2. C,,H,,0,N, requires N, 14:3%). 

1-Methoxy-2-naphthyl ethyl ketone was prepared from 2-propiono-1-naphthol by an analogous 
method to that described above. Evaporation of the acetone left a yellow oil, which slowly 
solidified on pouring into water. The pure ketone crystallises from ligroin (b. p. 40—60°) in 
needles, m. p. 42—43° (Found : C, 78-8; H, 6-6. C,,H,,O, requires C, 78-5; H, 6-5%). The 
semicarbazone forms needles (from alcohol), m. p. 192° (Found: N, 15-3. C,;H,;0,N; requires 
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N, 15-5%). The oxime, prepared in the usual manner, separates from alcohol in colourless 
needles, m. p. 112—113° (Found: N, 6-3. C,,H,,O,N requires N, 6-1%). 

2-(a-Propionopropionyl)-l-naphthyl Methyl Ether.—(Method a.) The dry sodium salt of 
2-propionoacetyl-l-naphthyl methyl ether (10 g.), acetone (75 c.c.), and methyl iodide (5 g.), 
by the method described on p. 1314, gave 2-(«-propionopropionyl)-l-naphthyl methyl ether 
(8 g.) as a yellow oil, characterised as 5(3 ?)-(1'-methoxy-2'-naphthyl)-4-methyl-3(5 ?)-ethylpyrazole- 
1-carbonamide, which forms needles, m. p. 191° (from alcohol) (Found: N, 13-7. C,,H,,0O,N; 
requires N, 13-6%). 

(Method 6.) 1-Methoxy-2-naphthyl ethyl ketone (10 g.), dry ether (100 c.c.), and dry ethyl 
propionate (5 g.) were well shaken with powdered sodamide (4 g.), kept for 3—4 days, and then 
treated with ice-water. The aqueous solution was acidified with acetic acid, and the diketone 
separated as a red oil (2 g.). Treatment with alcoholic semicarbazide acetate solution gave 
the pyrazole-carbonamide, m. p. 191° both alone and on admixture with the compound prepared 
by method (a). 

3-Methy1-2-ethyl-a-naphtha-y-pyrone was prepared from 2-(«-propionopropiony])-1-naphthy] 
methyl ether in the usual manner. It crystallises from aqueous alcohol in colourless needles 
(3-5 g.), m. p. 103° (Found: C, 80-6; H, 6-1. Calc. for C,,H,,O,: C, 80-7; H, 59%). No 
depression in m. p. is produced on admixture with the compound prepared by Heilbron, Heslop, 
and Irving (loc. cit.). Acidification of the alkaline filtrate gave 2-propiono-1l-naphthol, 
m. p. 83—84° (1-2 g.). The 3’: 4’-methylenedioxy-2-a-methylstyryl derivative separates 
from absolute alcohol in small yellow needles, m. p. 171—172° (Found: C, 77-9; H, 4-9. 
C,,H,,O, requires C, 77-8; H, 4-9%). 


The authors desire to thank Dr. R. N. Heslop and Dr. G. F. Howard for their help during 
the course of this work, 
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285. Stereoisomerides of Narcotine and Hydrastine. 


By (Miss) M. A. MARSHALL, F. L. PyMAN, and ROBERT ROBINSON. 


MemBERS of the phthalide group of zsoquinoline alkaloids contain two asymmetric carbon 
atoms in the molecule and hence each should exist in two inactive and four optically active 
forms. In the narcotine series (I) we are acquainted with di-narcotine or a-gnoscopine 


OMe OMe 
OMe Me 


) HO H : 


MeO CH CH 

cH,<O/  SNMe CH.<O NMe 

. N\A i _— H, 
Hy . H, 


which on resolution furnishes natural /-«-narcotine and its enantiomorph (Perkin and 
Robinson, J., 1910, 97, 775), and also with 8-gnoscopine (Hope and Robinson, J., 1914, 
105, 2085) obtained from synthetic nitro-B-gnoscopine by eliminating the nitro-group in 
a series of reactions. This isomeride of «-gnoscopine could not be resolved, but it yielded 
the «-base on prolonged treatment with hot alcohol. 

In the hydrastine (II) series, in addition to natural /-hydrastine, there are the synthetic 
hydrastines-a and -b (Hope, Pyman, Remfry, and Robinson, J., 1931, 236), the relationships 
of which have not hitherto been elucidated. 

We have now observed that the prolonged action of hot methyl-alcoholic potassium 
hydroxide on narcotine and hydrastine results in the formation of an equilibrium mixture 
of the original base and a new optically active isomeride in each case, and thus brings about 
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partial racemisation or reversible inversion at only one of the asymmetric centres. A 
similar phenomenon is the epimerisation of aldonic acids in the carbohydrate group under 
the influence of basic catalysts, and in the present cases the secondary alcoholic and carboxy] 
groups are separated by an aromatic double bond or system of bonds providing a channel 
for an electromeric displacement. 

On considering these and other analogies, there can be little doubt that the “ phthalide ” 
asymmetric carbon atom is the one affected in this process, and the fact that full racemisation 
occurs to only an inconsiderable extent leads to the corollary that the environment of 
the ‘‘ ‘soquinoline’’ carbon atom is unchanged under these conditions. (Attempts to 
find an agent capable of specific racemisation of the isoquinoline centre were not successful ; 
it seems that reagents which can transpose these groups also attack the phthalide section, 
and complete racemisation results.) It will be appreciated that the lactone ring must be 
opened in the hot alkaline solution and that it is really the potassium salt of the hydroxy- 
acid that undergoes change. 

The new 1-8-narcotine is levorotatory, and has a considerably lower rotatory power than 
the naturally occurring /-«-narcotine. A small specimen of d-a-narcotine was partly 
converted into d-8-narcotine, and a mixture of /-6-narcotine and d-f-narcotine furnished 
8-gnoscopine, identical with the known synthetic base. Thus «- and 6-gnoscopine represent 
the two possible racemates. In confirmation, they are partly interconvertible under the 
influence of methyl-alcoholic potash. 

On the other hand, natural /-hydrastine, which for this reason we consider to be /-6- 
hydrastine, yields by partial racemisation an isomeride of higher rotatory power, considered 
to be /-«-hydrastine. Thus naturally occurring hydrastine is believed to differ from 
naturally occurring narcotine in its stereochemical configuration. 

The argument is strengthened by a consideration of the rotatory powers based on a 
hypothesis of separate contributions by the “ isoquinoline ” and the “ phthalide ” section, 
such that these contributions are in the same sense and added together in the «-forms, but 
are in opposite directions in the $-varieties (internally compensated). 

The actual values for [«],544 in chloroform solution are: /-a-narcotine, — 246°; 
l-x-hydrastine, — 163°; J/-6-narcotine, — 101°; /-8-hydrastine, — 68-3°. Whence, on 
the above-mentioned hypothesis: Contribution of phthalide group: 172-5° narcotine; 
47-5° hydrastine. Contribution of isoquinoline group : 173-5° narcotine; 115-5° hydrastine. 
(The allocation of the shares to the phthalide and isoquinoline groups is based on the 
hypothesis that /-«-narcotine is /-phthalide//-isoquinoline and /-8-narcotine is d-phthalide//- 
isoquinoline.) 

The ratio of these contributions is 2-39 for narcotine and 2-43 for hydrastine. The 
same principle holds roughly for values taken under other conditions, ¢.g., with the D-line, 
and no regularity can be brought out on the assumption that natural hydrastine is 
l-a-hydrastine stereochemically parallel to /-«-narcotine. 

An interesting consequence of the acceptance of this line of argument is that the methoxy] 
group constituting the difference between hydrastine and narcotine has a constitutive 
influence on the rotatory power of the molecule as a whole and not merely of that section 
of it in which it is found (the zsoquinoline section). 

As we are not in possession of specimens of d-«-hydrastine or d-§-hydrastine, it is very 
difficult to state with certainty the relation of the synthetic inactive bases, hydrastine-a 
and -b to the two /-hydrastines, «and 8. The behaviour of the isomeric hydrastines towards 
racemising agents suggests, however, that hydrastine-a is d/-6-hydrastine and hydrastine-b 
is dl-«-hydrastine. Thus, the racemisation of natural /-6-hydrastine and of /-a-hydrastine 
by means of aqueous alcohol under pressure gives respectively hydrastine-a and -b. 
Furthermore, the equilibrium in the treatment of /-6-hydrastine or /-a-hydrastine with 
methyl-alcoholic potash favours the latter base, and hydrastine-a is largely converted into 
hydrastine-b under similar conditions. 

Nevertheless, the yields obtained in the prolonged racemisation processes are low owing 
to the formation of by-products, and further investigations are required in order to clear 
up these remaining doubtful issues. It may be noted that the assumption that hydrastine-a 
is dl-8-hydrastine makes the nitrohydrastine series stereochemically analogous to the 
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nitrognoscopine series, and indeed, these substances run parallel in their physical properties. 
The clearest example is the similarity of amino-$-gnoscopine and aminohydrastine-a in 
m. p., solubility relations, and crystalline habit. 

Taking into consideration the fact that «- but not 8-gnoscopine, may be resolved, we 
conclude that the completion of the synthesis of the naturally occurring hydrastine will 
probably involve the resolution of hydrastine-b and this should afford /-«-hydrastine. The 
final stage, the epimerisation of /-«-hydrastine with formation of /-8-hydrastine, is 
described below... 


EXPERIMENTAL. 


1-8-Narcotine.—A solution of narcotine (/-a-narcotine) (70 g.) and potassium hydroxide 
(70 g.) in methyl] alcohol (1000 c.c.) was refluxed for 3} days and then diluted with water and 
acidified by hydrochloric acid. The methyl alcohol was evaporated on the steam-bath, and the 
bases precipitated from the cooled solution by ammonia. The crude material (m. p. 135—145°) 
was extracted with boiling ethyl alcohol (600 c.c.), and the crystals remaining undissolved 
were isolated (35 g.). This product is substantially /-8-narcotine, as the following examination 
shows. The base (30 g.) was dissolved in ethyl acetate (350 c.c.), allowed to cool to room temper- 
ature, and the crystals collected after 2 hours (21 g., m. p. 175°; m. p. 176° after recrystallisation 
from alcohol; mixed with /-a-narcotine, m. p. 145—150°). A further crop, m. p. 172—173°, 
separated on keeping the solution in the ice-chest. The mother-liquor from this was used to 
dissolve a second quantity (17-5 g.) of the original base, sparingly soluble in alcohol, and the 
crystals obtained on cooling (16-8 g.) consisted of almost pure /-8-narcotine, m. p. 173—174°. 
The separation of the bases in the mother-liquor from the original] alcohol extraction proved 
very tedious. Unsuccessful separations were attempted by fractionation from alcohol and 
ethyl acetate, and by the crystallisation of the hydrochlorides, nitrates, and sulphates. /-a- 
Narcotine picrate is the more sparingly soluble in hot alcohol, and a long series of fractionations 
of this derivative brought about the desired separation; the process was not, however, 
sufficiently clean-cut to enable us to advance an estimate of the relative proportion of /-a- 
narcotine and /-8-narcotine produced. We found no evidence of the formation of a- or B- 
gnoscopine. Experiments are in progress having for their object the study of this and related 
equilibria by polarimetric methods, but the formation of colouring matters and other by-products 
is proving a difficulty. 

1-8-Narcotine crystallises from alcohol in glistening leaflets or plates, or from acetone in more 
compact prisms, m. p. 176° (Found: C, 63-8; H, 5-5; N, 3-2. C,,H,,;0,N requires C, 63-9; 
H, 5-5; N,3-4%). {0-3 G. in 25c.c. of chloroform at 18° (1 = 20 cm.) gave « — 2-42°; whence 
[%]sa¢ — 101°. 0-3G. (1 mol.) in 1-45 c.c. N-hydrochloric acid (2 mols.) made up to 25 c.c. gave 
a — 1-42°, [a]}§; — 59-2°. 0-3G. (1 mol.) in 7-26 c.c. N-hydrochloric acid (10 mols.) made up to 
25 c.c. gave a — 1-44°, [a]§ — 60-0°. Under precisely the same conditions /-a-narcotine gave 
[a]ife — 246°, + 50-4°, and + 54-6° respectively.} 

The hydrochloride crystallised from dilute aqueous hydrochloric acid in colourless needles, 
readily soluble in water but more sparingly soluble than /-«-narcotine hydrochloride (Found, 
in air-dried specimens: C, 55-0; H, 5-7; N, 3-0; Cl, 8-2, 7-4, 7:5. C,,H,,0,N,HCI,1-5H,O 
requires C, 55-5; H, 5-7; N, 2-9; Cl, 7-4%). The hydrogen sulphate crystallises in white needles 
(Found ;: C, 51-0; H, 5-3; N, 2-7; S, 5-5. C,,H,,;0,N,H,SO, requires C, 51-7; H, 4-9; N, 2-7; 
S, 6-2%, indicating the presence of some normal sulphate). The ficrate crystallised from alcohol 
below 40° in thin yellow rods, m. p. 118° after drying at 100° (Found: C, 51-7; H, 4-2; N, 8-7. 
C,,H,,0,N,C,H,O,N, requires C, 52-3; H, 4-1; N, 8-7%). 

The methiodide was prepared by refluxing a solution of the base in absolute alcohol with an 
excess of methyl iodide for 8 hours, and concentrating and cooling the solution; it recrystallised 
from hot water in white prisms, m. p. 208° (Found: C, 49-7; H, 4:7; N, 2-2; I, 22-5. 
C,,H,,;0,N,CH,I requires C, 49-8; H, 4-7; N, 2-5; I, 22-9%). The addition of alcoholic iodine 
to a solution of this salt in alcohol precipitated /-8-narcotine methotri-iodide, which is insoluble 
in hot or cold water and crystallises from alcohol in long, reddish-brown rods, m. p. 187-3° 
(Found: C, 34-2; H, 3-4; N, 2-0. C,,H,,0,N,CH,I, requires C, 34-1; H, 3-2; N, 1-:7%). 
This salt is obtained when a solution of /-8-narcotine methiodide is treated with 1 equiv. of sodium 
hydroxide; on the addition of an excess of alkali and on boiling, narceine is formed and may 
be precipitated by passage of carbon dioxide. Frankforter and Keller (J. Amer. Chem. Soc., 
1900, 22, 61) obtained an analogous salt from natural narcotine when they submitted the 
methiodide of the base to the action of chlorine in alcoholic solution. 
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The conversion of /-6-narcotine into narceine is best accomplished as follows. The metho- 
sulphate, prepared from pure dry materials in hot benzene solution, is a viscid oil; it is washed 
with light petroleum, then dissolved in water, the solution rendered alkaline by means of 
potassium hydroxide, boiled for 10 minutes, and just acidified with acetic acid. The character- 
istic, thread-like crystals obtained on standing were recrystallised, m. p. 178—179°, alone 
or mixed with authentic narceine of natural origin. 

Oxidation of /-6-narcotine by means of nitric acid under the conditions used for the 
preparation of cotarnine from /-«-narcotine did not succeed, and the mixture was heated to 75° 
(/-a-narcotine oxidises easily at 45—50°) and kept at that temperature until the addition of 
ammonia produced no precipitate. Cotarnine was then isolated in the known manner, and 
recognised by conversion into anhydrocotarninenitromethane, colourless prisms, m. p. 129° 
alone or mixed with an analysed specimen (Hope and Robinson, J., 1911, 99, 2114). The 
formation of opianic acid was also detected through the conversion of this product of the reaction, 
isolated by means of ether extraction of the acidified solution after removal of cotarnine, into 
hemipinimide in the usual way. The hemipinimide had m. p. 229° alone or mixed with an 
authentic specimen. 

l-~-Narcotine could not be racemised or partly racemised by long refluxing with 10% methyl- 
alcoholic hydrogen chloride, being recovered unchanged (cf. Rabe, Annalen, 1910, 377, 233, 
for the similar experience with aqueous sulphuric acid) ; but whereas Rabe (/oc. cit.) reports that 
l-a-narcotine yields a-gnoscopine when heated for 8 hours with aqueous acetic acid at 120°, 
we find that /-8-narcotine is recovered unchanged after this treatment. 

d-8-Narcotine.—This base was obtained from d-a-narcotine (Perkin and Robinson, /oc. cit.) 
under conditions closely resembling those described above for the partial racemisation of 
l-a-narcotine. The results were the same, and the base was the true diastereoisomeride of 
/-8-narcotine; plates from alcohol, m. p. 176° (Found: C, 63-7; H, 55%), [a]i§ + 103° 
(in chloroform). When hot solutions of 50 mg. each of d-$- and /-6-narcotine in alcohol were 
mixed and cooled, 96 mg. of pure 8-gnoscopine, m. p. 180°, separated. The base had the 
crystalline habit of 8-gnoscopine, and the m. p. was not lowered on admixture with a specimen 
prepared from nitro-8-gnoscopine (Hope and Robinson, /oc. cit.). 

Conversion of 1-8- into 1-a-Narcotine.—This experiment was carried out under the conditions 
described for the reverse change, and the /-«-narcotine was isolated in the form of the picrate, 
m. p. 177°. It was recovered from the purified derivative, and recognised by means of m. p. 
and mixed m. p. 

Interconversion of a- and B-Gnoscopine——The usual conditions (refluxing with methyl- 
alcoholic potash for 34 days) were employed, and the separation of the bases effected by taking 
advantage of the more sparing solubility of «-gnoscopine in alcohol and of 8-gnoscopine nitrate 
in water. a-Gnoscopine was recovered, and the $-gnoscopine obtained crystallised from 
alcohol in colourless prismatic needles, m. p. 180° alone or mixed with an authentic specimen 
(Found : C, 63-9; H, 5-7%). The picrate was also prepared, m. p. 198° alone or mixed with an 
authentic specimen. In the same way $-gnoscopine was converted into a-gnoscopine, m. p. 230° 
alone or mixed with an authentic specimen (from opium), and thus the existence of an 
equilibrium was established ; the quantitative aspect is under examination. 

It is known that 6-gnoscopine affords «-gnoscopine almost completely when it is heated with 
aqueous alcohol at 100° in a pressure bottle (Hope and Robinson, /oc. cit.), but the reverse change 
has not previously been studied. «-Gnoscopine (5 g.), alcohol (100 c.c.), and water (25 c.c.) were 
heated in a closed bottle at 100° for 120 hours. On separation, 4-32 g. of a-gnoscopine were 
recovered, but 0-07 g. of B-gnoscopine was also isolated (identification as usual; yield, 1-4%). 

Conversion of 1-8-Narcotine into Gnoscopines.—A mixture of /-8-narcotine (2 g.) and alcohol 
(60 c.c.) was heated in a closed vessel at 175° for 6 hours. Much decomposition occurred, and 
on concentrating the dark solution, meconin (0-32 g.) separated, m. p. 98° alone or mixed with 
authentic material. A small quantity of «-gnoscopine, m. p. 229—230°, was obtained from the 
mother-liquor. After refluxing a mixture of /-8-narcotine (2 g.), alcohol (32 c.c.), and water 
(32 c.c.) for 8 days, a-gnoscopine (0-214 g.) and $-gnoscopine (0-022 g.) could be separated in a 
pure condition. 

l-x-Hydrastine.—A mixture of hydrastine (natural alkaloid) (10 g.), potassium hydroxide 
(10 g.), and methyl] alcohol (150 c.c.) was refluxed for 5 days, then diluted with water, acidified 
with hydrochloric acid, and concentrated on the steam-bath until most of the methyl alcohol 
had been removed. On cooling, pearly crystals of a hydrochloride separated, and this salt was 
collected, washed with dilute hydrochloric acid, dissolved in hot water, and the base precipitated 
with ammonia, collected, and crystallised from alcohol (150 c.c.)._ The colourless prisms (5-3 g.), 
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m. p. 159—160°, consisted of nearly pure l-a-hydrastine, and after several recrystallisations from 
ethyl acetate and from alcohol the m. p. was only raised to 162° (Found: C, 65-7; H, 5-4; 
N, 3-7. C,,H,,O,N requires C, 65-8; H, 5-5; N, 3:7%). {0-3 G. in 25 c.c. of chloroform at 
18° (1 = 20 cm.) gave « — 3-90°; whence [a«]}§%; — 163°. Under the same conditions natural 
hydrastine (/-B-hydrastine) gave [«]}§; — 68-3°.} 

The mother-liquor from the sparingly soluble hydrochloride was basified, and afforded 
unchanged /-8-hydrastine (2-1 g.) and a further quantity (0-6 g.) of /-«-hydrastine. The 
separation was laborious, and the methods employed were crystallisation of the bases from 
methyl alcohol for the isolation of /-8-hydrastine, and formation of the sparingly soluble hydro- 
chloride of /-«-hydrastine from the mother-liquors. 

The hydrochloride crystallised from dilute hydrochloric acid, in which it is much more 
sparingly soluble than /-8-hydrastine hydrochloride, in well-shaped, white, oblong plates, 
pointed at one end, or in more slender needles, m. p. ca. 237° (Found: C, 60-4; H, 5-4; N, 3-4. 
C,,H,,O,N,HCl requires C, 60-0; H, 5-3; N, 3-3%). The picrate crystallised from 95% 
alcohol at 30° in deep yellow, squat prisms, m. p. 172° after drying at 100° (Found: C, 52-8; 
H, 3-9; N, 9-1. C,,H,,O,N,C,H,O,N, requires C, 52-9; H, 4-0; N, 9-2%). 

A specimen of the methiodide, m. p. 206°, prepared from the components in alcoholic solution 
appeared to be homogeneous but was ultimately found to bea mixture containing the hydriodide. 
The pure derivative was prepared by dissolving /-«-hydrastine in an excess of methyl iodide, 
raising the liquid to the b. p. several times, and then keeping it for 12 hours in a closed vessel. 
The white crystals were collected, and crystallised from hot water and then from alcohol in 
prisms, m. p. 222° (Found: C, 50-7; H, 4-7; I, 24-5. C,,H,,O,N,CH,I requires C, 50:3; 
H, 4-6; I, 24-2%). 

This methiodide (1-07 g.) was dissolved in hot water (50 c.c.), and potassium hydroxide 
added until the solution was strongly alkaline; an immediate white precipitate quickly changed 
to a golden oil, which partly dissolved as the solution was boiled for 10 minutes. This substance 
was collected and washed ; it crystallised from 50% or 95% alcohol in soft, pale yellow needles, 
m. p. ca. 50° (but not to a clear liquid; at about 75° gas was evolved but again the liquid was 
not transparent). The substance could not be obtained pure; its solutions exhibited a green 
fluorescence, and in this and other properties it closely resembles methylhydrastine, of which 
it is probably a stereoisomeride. The aqueous solution decanted from the oil was just acidified 
with acetic acid, and thereupon methylhydrasteine separated. The substance crystallised 
twice from hot water in soft, slender, white needles, m. p. 150°. 

The equilibrium in boiling methyl-alcoholic potassium hydroxide greatly favours the 
production of /-«-hydrastine, but some /-8-hydrastine is formed from the pure a-base. /-a- 
Hydrastine (2 g.) was refluxed for 3 days with methyl alcohol (30 c.c.) and potassium hydroxide 
(2-0 g.). By the same procedure as before, /-«-hydrastine (1-02 g.) was recovered at once, and 
the residual mixture could be roughly resolved by mechanical separation of the crystals. In 
this way, /-8-hydrastine (15 mg.) was obtained in a pure condition, m. p. 132° alone or mixed 
with natural hydrastine. 

Notes on the Synthesis of Hydrastines-a and -b.—We are much indebted to Professor J. S. 
Chamberlain of Amherst, Mass., U.S.A., for the following. Encountering difficulty in the 
reduction of nitro-r-hydrastine as described by Hope, Pyman, Remfry, and Robinson (loc. cit.), 
it was decided to collect the double tin salt of aminohydrastine and work this up separately. 
This led to the isolation of practically pure aminohydrastine-a. 

Nitrohydrastine (20 g.) was dissolved as far as possible in cold 80% acetic acid (100 c.c.), 
and granulated tin (10 g.) added. The mixture was cooled to 10°, and a solution of crystallised 
stannous chloride (50 g.) in concentrated hydrochloric acid (80 c.c.) was added with cooling in 
running water to below 10°. The salt began to separate after 20 minutes, and after 6 hours 
it was collected, washed, and stirred with water (1000 c.c.). The base was precipitated by the 
addition of 50% potassium hydroxide (150 c.c.), and was washed and dried (13-7 g., m. p. 
208—215°, yield, 74%). It is to be noted that in this process vigorous treatment with alkali 
is avoided, and transformations such as those described in this memoir could not occur under 
such conditions. 

In the diazotisation of aminohydrastine-a, according to Hope e¢ al. (loc. cit.), it is essential 
to pulverise very finely the aminohydrastine hydrochloride and to stir the solution vigorously 
by mechanical means during the very slow addition of the nitrite (this should last 2} hours). 
The amino-salt gradually passes into solution, but it is replaced by the yellow diazo-salt, and 
after all the nitrite has been introduced stirring should be continued for at least 1 hour (yield, 
69% of material, m. p. 173°). 
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The yield of hydrastine-a obtained by the oxidation of hydrazinohydrastine-a was 32%. 

Complete Racemisation of 1-8-Hydrastine. Formation of Ethylchanohydrastine.—A large 
number of experiments have been made with the object of procuring specimens of the inactive 
isomerides of hydrastine, but with indifferent success. In two experiments, /-8-hydrastine (5 g.) 
was heated at 95° under pressure with 50% ethyl] alcohol (160 c.c.) and 77% and 73% of the base 
was recovered. In the second case, 6% of constant-crystallising mixture was the residue, but 
in the first example a new substance crystallising from alcohol in glistening, pale brownish- 
yellow, prismatic needles, m. p. 134°, was obtained (0-3% yield) (Found: C, 67-2; H, 6-3; 
N, 3-5. C,,H,,;0,N requires C, 67-2; H, 6-1; N, 3-4%). A mixture with hydrastine showed 
a large depression of m. p. The substance is a base and an ethyl ester, since it furnished ethyl 
alcohol on boiling with aqueous sodium hydroxide (10%). Owing to the very small quantity 
available, the substance could not be more fully investigated but it appears certain that it is 
the ethyl ester of the unsaturated acid corresponding to hydrastine. If we add that we regard 
it as a stilbene derivative, these words completely describe our view of its constitution. 

On another occasion, /-8-hydrastine (4-15 g.) was heated at 100—110° for 24 hours with 
aqueous alcohol, and we were then able to isolate, in addition to the usual proportion of the 
unchanged base, hydrastine-a (4-7%), hydrastine-b (1-25%), an unidentified substance, m. p. 
150—155° (0-6%), and constant-crystallising residue (17-7%). A repetition (8 g. of the alkaloid) 
gave unchanged /-8-hydrastine, hydrastine-a (2-9%), ethylchanohydrastine (0-7%), and 7-1% 
of residual crystalline material. A third experiment under similar conditions (8 g. of base), 
but at 110—120°, gave 5-27 g. of crystallisable material. This was directly treated with methyl- 
alcoholic potassium hydroxide as described above (/-8-hydrastine ——-> /-a-hydrastine) and 
there were then isolated /-a-hydrastine (27-3%), hydrastine-b (3-8%), /-6-hydrastine (4-2%), 
and 3-4% of residual mixed hydrastines. 

Again, the alkaloid (20 g.) was heated with 50% alcohol at 100° for 24 hours and then treated 
with methyl-alcoholic potash. The products isolated were /-a-hydrastine (45-6%), /-8-hydrastine 
(8-9%), hydrastine-a (0-9%), and 6-4% of residual crystalline bases. 

The hydrastine-a obtained in this way was in every respect identical with the synthetic 
product. Ithadm. p. 135°, alone or mixed with a specimen obtained from hydrazinohydrastine-a 
by the method of Hope e¢ ai. (/oc. cit.). For further confirmation, the picrates were prepared 
and crystallised from methyl ethyl ketone in identical fashion, m. p. 218—220° (decomp.) 
alone or mixed. 

Other Transformations of the Hydrastines.—Hydrastine-a (0-550 g.) was refluxed for 36 hours 
with methyl alcohol (10 c.c.) and potassium hydroxide (0-55 g.). The recovered bases were 
fractionated from alcohol, and hydrastine-b (0-166 g.) was isolated (Found: C, 65-5; H, 5-5; 
N, 3-9. Calc. for C,,H,,O,N: C, 65-8; H, 5-5; N, 3-7%). The base had m. p. 150°, alone or 
mixed with hydrastine-b prepared from hydrazinohydrastine-b. An adequate supply of 
hydrastine-b was not available for the investigation of its transformation into hydrastine-a. 

A small quantity of impure hydrastine-b was obtained by prolonged heating of /-«-hydrastine 
with acetic acid; /-6-hydrastine was not racemised by this reagent. Similarly, /-«-hydrastine 
(5 g.), heated with alcohol (100 c.c.) and water (25c.c.) at 100° for 96 hours, was largely unchanged 
(4:35 g.), but a few mg. of hydrastine-b, m. p. 149°, were isolated. 


Table of m. p.’s and mixed m. p.’s. 


(It is assumed that hydrastine-b is d/-«-hydrastine.) 


Narcotine. Hydrastine. Narcotine. Hydrastine. 
176° 161° 145° 116° 
176 132 170 121 
230 150 173 145 
180 135 168 119 

156 143 
170 122 
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286. The Condensation of «-Methylgalactoside with Benzaldehyde. 
By GEORGE J. ROBERTSON and RoBErRT A. LAMB. 


THE condensation of a-methylgalactoside with benzaldehyde has been investigated for the 
purpose of comparing the reaction with the analogous cases of «-methylglucoside and 
a-methylmannoside, and in order to obtain new standard reference compounds of galactose. 
The importance of the latter objective is enhanced by the fact that the interconversion of 
isomeric sugars by chemical means may now be effected. 

The condensation affords crystalline 4 : 6-benzylidene «-methylgalactoside, and no trace 
of a dibenzylidene derivative has been detected. Methylation with the Purdie reagents 
converts the benzylidene derivative into crystalline 4: 6-benzylidene 2: 3-dimethyl 
a-methylgalactoside, which, on graded hydrolysis with dilute hydrochloric acid, yields 
first 2 : 3-dimethyl «-methylgalactoside and finally 2 : 3-dimethyl galactose. The constitution 
assigned to the new sugar is supported by the following evidence. The free sugar 
condenses with phenylhydrazine to give a monomethyl galactosazone, which proves that 
one methyl group is situated in position 2. Moreover, the sugar reacts with methyl 
alcohol containing hydrogen chloride at room temperature to give a non-reducing product 
which is levorotatory, from which it is inferred that position 4 is unsubstituted. It 
therefore seems probable that the benzylidene residue in benzylidene a-methylgalactoside 
is attached in positions 4 and 6, as in the corresponding derivatives of glucose and mannose. 
Crystalline 2: 3-dimethyl «-methylgalactoside 4 : 6-dinitrate, and a crystalline anzlide of 
2 : 3-dimethyl galactose have also been prepared. 


EXPERIMENTAL. 


Preparation of «-Methylgalactoside.—Galactose (50 g.) was dissolved in methyl alcohol 
(400 c.c.) containing dry hydrogen chloride (4 g.), and the solution boiled until a constant 
rotation was observed (10 hrs.).. After neutralisation with silver carbonate, and treatment of 
the filtered solution with charcoal to remove colloidal silver, the solution was evaporated to 
dryness. The resulting syrup was dissolved in hot absolute alcohol, and on cooling, «-methyl- 
galactoside separated in shining prisms, m. p. 110—111°; [a«]}” + 178-5° in water; yield 
(pure), 29-1 g., 54%. 

Condensation of «-Methylgalactoside with Benzaldehyde.—Condensation was effected (a) by 
a modification of Irvine and Scott’s method (J., 1913, 103, 585), and (b) by Freudenberg’s 
method (Ber., 1928, 61, 1758). (a) Finely powdered a-methylgalactoside (20 g.) was heated 
with freshly distilled benzaldehyde (100 c.c.) under ca. 330 mm. pressure in a current of carbon 
dioxide at 145°. The sugar dissolved rapidly, and after 3 hours, the benzaldehyde was distilled 
as completely as possible at the same temperature by further diminution of the pressure. The 
residue, a clear syrup, was poured while hot into a mortar containing light petroleum (b. p. 
60—80°); it solidified, and was ground to a fine powder. Purification of the crude material 
was best carried out by crystallisation from a mixture of light petroleum (b. p. 60—80°) and 
absolute alcohol (2:1). The yield of pure monobenzylidene a-methylgalactoside was 15 g., 
51-7%. (b) This method afforded a product identical with that obtained above, but in 73% 
yield. 

4 : 6-Benzylidene a-methylgalactoside crystallised in very fine needles, m. p. 170—172°, 
[a] + 166-5° in chloroform (¢ = 1384). It is practically insoluble in light petroleum (pb. p. 
40—60°), fairly soluble in cold water, and easily soluble in hot water, ether, chloroform, and 
benzene (Found: OMe, 10-4; C, 59-5; H, 6-4. C,gH,,0O, requires OMe, 11-0; C, 59-6; H, 
6-4%). 

Methylation of 4:6-Benzylidene a-Methylgalactoside——Methylation was carried out with 
methyl iodide and silver oxide with the addition of acetone to effect complete solution. The 
product, isolated in the usual way after one methylation, solidified completely on the removal of 
the solvent, and one crystallisation from ether gave pure 4: 6-benzylidene 2: 3-dimethyl a- 
methylgalactoside in 77% yield. The substance crystallised in long, shining prisms, m. p. 123— 
124°, [«]}* + 173-7° in chloroform (c = 2-026) (Found: OMe, 29-8; C, 61-9; H, 7-3. C,gH,.O, 
requires OMe, 30-0; C, 61-9; H,7-1%). Methylation may also be effected with methyl sulphate 
and sodium hydroxide solution with the addition of acetone as before. 

Partial Hydrolysis of 4:6-Benzylidene 2:3-Dimethyl a-Methylgalactoside—The material 
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(10 g.) was dissolved in a mixture of acetone (200 c.c.), water (100 c.c.), and N-hydrochloric acid 
(8 c.c.), and the solution boiled until the rotation become constant; it was then neutralised 
with barium carbonate, the acetone evaporated, and the aqueous residue extracted with chloro- 
form to remove benzaldehyde. The aqueous solution was evaporated to dryness under diminished 
pressure, the residue extracted with acetone, and the product obtained on removal of the solvent 
was distilled in a vacuum. 2: 3-Dimethyl a-methylgalactoside was thus obtained as a clear 
syrup which could not be crystallised; yield 5-8 g., 80%; nji° 1-4720, [«]}° + 173-7° in chloro- 
form (c = 1-129) (Found: OMe, 40-1; C, 48-4; H, 8-2. C,H,,0O, requires OMe, 41-9; C, 
48-65; H, 8-1%). The 4: 6-dinitrate was prepared by treating the galactoside with fuming 
nitric acid in chloroform solution (cf. Oldham, J., 1925, 127, 2840) ; it crystallised from alcohol 
in large prisms, m. p. 88—90°, [«]}° + 100-3°in chloroform (c = 1-096), yield 79% (Found : OMe, 
29-1. C,H,,0,.N, requires OMe, 29-8%). The substance may also be prepared by the direct 
action of fuming nitric acid on 4: 6-benzylidene 2 : 3-dimethyl a-methylgalactoside in chloro- 
form solution, but the yield is reduced to 67%. 

Hydrolysis of 2: 3-Dimethyl a-Methylgalactoside—The material] (6-1 g.) was dissolved in 8% 
hydrochloric acid (90 c.c.), and the solution boiled until of constant rotation. The acid was 
neutralised with barium carbonate, and the filtered solution evaporated under diminished 
pressure. The dry residue was extracted with chloroform, and the evaporated extract yielded 
2 : 3-dimethyl galactose as a hard colourless glass, which could not be crystallised ; [«]}}° + 11-3° 
in chloroform (c = 1-151) (Found : OMe, 27-8; C, 45-9; H, 7-7. C,gH,,O, requires OMe, 29-8; 
C, 46-1; H, 7-7%). 

Action of Phenylhydrazine on 2 : 3-Dimethyl Galactose—When the sugar was treated with 
phenylhydrazine acetate in the usual manner, considerable decomposition took place, and the 
solid product which separated was contaminated with a red tar. It was purified by precipita- 
tion of an ethereal solution with light petroleum (b. p. 60—80°) and thus obtained as a bright 
yellow powder; yield 44%. This proved to be 3-methyl galactosazone, m. p. 176—179° (Found : 
OMe, 7-9; N, 15-6. C,,H,sO,N, requires OMe, 8-3; N, 15-0%). 

Condensation of 2: 3-Dimethyl Galactose with Acid Methyl Alcohol._—The sugar (0-4 g.) was 
dissolved in methyl alcohol (40 c.c.) containing 0-3% dry hydrogen chloride, and the solution 
kept at room temperature. Condensation took place very slowly, but after 7 days the solution 
had no reducing,action on Fehling’s solution : 

Time (days) 0 1 2 3 4 5 6 7 8 


[a}is" +. g]° +. 3° — ¢° — 10° —12° —15° —24° — 24° 


A nilide of 2 : 3-Dimethyl Galactose.—This compound, obtained in the usual way, consisted of a 
mixture of syrupand crystals. After being pressed on porous tile and crystallised from alcohol, 
it formed small prisms, m. p. 130—131°, [a] + 119-4° in ethyl] alcohol (¢ = 0-67); yield (pure) 
48% (Found: OMe, 20-9. C,,H,,O,;N requires OMe, 21-9%). The oxjme of 2: 3-dimethyl 
galactose was a syrup which could not be crystallised. 


The authors acknowledge their indebtedness to the Carnegie Trust for the grant of a 
Scholarship which enabled one of them (R. A. L.) to take part in the investigation. 
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287. Attempts to find New Antimalarials. Part X. 8-Amino-6-y- 
aminopropoxyquinoline and Some Related Substances. 


By K. MATEJKA and ROBERT ROBINSON. 


TuE object of the present investigation was the preparation of bases of plasmoquine type 
(compare Barger and Robinson, J., 1929, 2947) in which the aminoalky] side chain should 
be attached to the oxygen atom in position 6 of the quinoline nucleus rather than to the 
nitrogen atom in position 8; an extension, combining the two types, was also contemplated. 

The alkylation of 6-hydroxyquinolines is difficult, and it was found necessary to apply 
the Skraup reaction to suitable aniline derivatives already containing the desired sub- 
stituents. Some interesting points were encountered in the course of the preparation of 
these intermediates and in their conversion into quinoline derivatives. 
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The scheme of synthesis worked out as the result of exploratory trials is the following : 
p-Acetamidophenol is converted into its y-phthalimidopropyl ether, 
NHAc’C,H,°O[CH,],N (CO).C gH, (I), 
and the latter nitrated in the o-position to the acetamido-group. On hydrolysis by means 
of hot concentrated hydrochloric acid, 2-nttvo-4-y-phthalimidopropoxyaniline (II) is obtained, 
and this undergoes the Skraup reaction, with arsenic acid as the oxidising agent, to form 
8-nitro-6-y-aminopropoxyquinoline (III) in good yield. 


CeHy(CO)-NICHO/) NH,{CH:,0/ ) NHJCHLO/ 
N7% 2 


(II.) No, ar.) No, av.) Xo, 


Although the phthalimido-group is detached in the course of this process, it is certain 
that the quinoline ring is closed in the first stage, 7.e., before and not after the hydrolysis. 
The base (IV) was recovered largely unchanged when it was submitted to the conditions 
that sufficed for the conversion of (II) into (III). Similarly the phthalamic acid related 
to (II) remains unaffected when treated in the same way. The explanation in the case of 
(IV) is probably to be sought along the lines discussed below, and, although the inactivity 
of the phthalamic acid is unexpected, it may be due to a betaine-type constitution which 
would intensify the positive electrical field over the aromatic nuclei. Attention may be 
drawn to striking contrasts in the relative ease of hydrolysis of some related phthalimide 
derivatives by acids. 

According to Lohmann (Ber., 1891, 24, 2632), y-phenoxypropylphthalimide, 
PhO[CH,],N(CO),C,H,, is somewhat readily hydrolysed by acids, but we find that its 
p-amino-derivative, NH,°C,H,O[CH,],N(CO),C,H,, is unchanged after treatment with 
boiling concentrated hydrochloric acid during many hours. The nitro-derivative (II) 
is slowly hydrolysed under these conditions, and the phthalo-derivative of (III) is very 
readily hydrolysed as already inferred and confirmed by direct experiment. 

Inspection of the formule of these substances shows that the inhibiting factor is a basic 
centre, and as this is weakened, first by introduction of a nitro-group and again by the 
conversion of the substituted aniline into a substituted quinoline, the faculty of hydrolysis 
is restored. 

One of us has already commented on the theoretical aspect of this phenomena (J., 1923, 
123, 534; Proc. Roy. Soc., 1931, 130, 452), which may be described as a particular example 
of the general deactivating influence of a positive charge or field on anionoid reactivity. 
Hydrolysis of an amide by acids is probably initiated by proton attack of the amide, 7.e., 
by salt formation; but the more powertul basic centre (the amino-group in this case) will 
be the more prone to accept the first available proton, and this will enormously diminish, 
by the simple mechanism of electrostatic repulsion, the proton avidity of the amide group, 
feebly developed as this is without any such handicap. It is analogous to the familiar 
disproportion between the first and the second ionisation constants of acids and bases 
exaggerated by the very unequal strengths of the molecular centres as bases. The base 
(III) was reduced to (V), and also methylated and reduced to (VI); further, by reduction 
of its phthalimido-derivative, introduction of a second phthalimidopropyl group, and 
removal of the phthalic acid residues, (VII) was obtained. These three substances were 
isolated as hydrochlorides. 


++ 
H,N[CH,],0 ) —- MegN[CH;}0 Cl NH,{CH,0 seers 
\N/ n/! N 


NH, NH; NH,[CH,],NH 
(V.) (VI.) (VII.) 
EXPERIMENTAL. 


p-y-Phthalimidopropoxyacetanilide (1).—The following prescription is the best of nine varia- 
tions (yields, 35—60%). An intimate mixture of finely powdered y-bromopropylphthalimide 
(50 g.), p-acetamidophenol (40 g.), and potassium carbonate (40 g.) was slowly heated to 140°, 
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vigorous reaction first occurring at 120° and lasting for 10 minutes. After 1 hour at the higher 
temperature (with frequent shaking), the cooled mass was powdered, extracted and washed 
with water, and crystallised from alcohol (300 c.c.) ; white needles, m. p. 157° (Found : C, 67-4; 
H, 5-2; N, 8-3. C,,H,,0,N, requires C, 67-4; H, 5-3; N, 8-3%). 

y-p-Nitrophenoxypropylphthalimide.—A mixture of p-nitrophenol (6 g.), y-bromopropyl- 
phthalimide (10 g.), potassium carbonate (8 g.), and xylene (100 c.c.) was refluxed for 5 hours. 
The hot filtered solution deposited the new ether on cooling; the crystals were collected, washed 
with acetone, and crystallised from acetic acid; long, white needles, m. p. 183° (yield, 7 g.) 
(Found : C, 59-0; H, 4-6; N, 8-5. C,,H,,0;N,,H,O requires C, 59-3; H, 4-6; N, 81%). The 
substance is sparingly soluble in boiling alcohol and, being unchanged by treatment with hot 
dilute hydrochloric acid, is probably not a phthalamic acid. 

p-y-Phthalimidopropoxyaniline.—(a) The foregoing nitro-compound (4 g.) may be reduced 
by an application of West’s method (J., 1925, 127, 494), using alcohol (100 c.c.), concentrated 
hydrochloric acid (6 c.c.), and iron filings (3 g.). The product was isolated by extraction, of the 
crude material precipitated by ammonia, with acetone, and crystallised from alcohol in 
slender, orange-tinted needles, m. p. 92—94° (Found: N, 9-4. C,,H,,0,N, requires N, 9-4%). 
The amine is readily soluble in acetone, chloroform, or acetic acid, sparingly soluble in cold 
alcohol and in light petroleum; it was proved to be diazotisable. On hydrolysis by means of 
hydrazine, followed by treatment with hydrochloric acid, p~y-aminopropoxyaniline was obtained, 
but not quite pure (m. p. 124—127°). This diamine is readily soluble in alcohol, chloroform, and 
water, sparingly soluble in ether and light petroleum. 

(b) The acetyl derivative (I; 10g.) was refluxed for 5 hours with concentrated hydrochloric 
acid (600 c.c.), and the amine (5 g.) was then isolated. Boiling for 1 hour with hydrochloric 
acid (300 c.c.) effected the hydrolysis of only 12% of the material. When the amine was heated 
with acetic acid and acetic anhydride, the acetyl derivative was produced and identified with 
the specimen obtained from p-acetamidophenol. 

p-y-(0-Carboxybenzamido) propoxyacetanilide.—p-y-Phthalimidopropoxyacetanilide (3 g.) was 
suspended in aqueous potassium hydroxide (100 c.c. of 3%), which was rapidly brought to the 
boil and filtered. The cooled solution was acidified, and the precipitated phthalamic acid was 
purified by repeated solution in aqueous alkali and reprecipitation (yield, 2-2 g.; m. p. 177-5°) 
(Found: C, 63-9; H, 5-7; N, 81. C,,H..O,;N, requires C, 64:0; H, 5-6; N, 7-°9%). This 
acid is freely soluble in alcohol, and attempts to crystallise it from aqueous alcohol failed owing 
to gradual ring closure. It is interesting that this reaction does not occur in boiling anhydrous 
alcohol. 

2-Nitro-4-y-phthalimidopropoxyacetanilide——A mixture of nitric acid (10 c.c.; d 1-5) and 
acetic acid (50 c.c.) was added drop-wise to a vigorously stirred suspension of powdered p-y- 
phthalimidopropoxyacetanilide (40 g.) in acetic acid (400 c.c.) and acetic anhydride (130 c.c.) 
cooled to below 5°. The stirring was continued for 2 hours, the temperature being kept below 
10°, and a clear yellow solution resulted. Crystallisation then began in } hour, and after a 
further 12 hours, water (150 c.c.) was added, and the yellow product collected (yield, 85—90%) 
and crystallised twice from acetic acid (about 150 c.c.). The mitro-compound was so obtained 
in the form of large, glistening, golden-yellow leaflets, m. p. 162° (Found: C, 59-5; H, 4-3. 
C,,H,,0,N, requires C, 59-5; H, 4:4%); it is easily soluble in acetone, chloroform, or hot 
acetic acid, and difficulty soluble in alcohol or ether. 

2-Nitro-4~y-aminopropoxyaniline—This base was first obtained from the foregoing nitro- 
derivative by hydrolysis with boiling 50% aqueous potassium hydroxide, and in the form of 
red needles which were recrystallised from water (Found : C, 51-2; H, 6-2; N, 19-7. C,H,,;0,N; 
requires C, 51-2; H, 6-2; N, 19-9%). Thesame base, m. p. 147°, was obtained by successive 
treatment of the nitro-compound with hydrazine hydrate in alcoholic solution, and with boiling 
dilute hydrochloric acid. 

2-Nitro-4-y-(2-carboxybenzamido)propoxyaniline—A mixture of finely powdered nitro- 
phthalimidopropoxyacetanilide (30 g.) and aqueous sodium hydroxide (500 c.c. of 3%) was 
heated at 80° with stirring for 15 minutes, and an almost clear solution was obtained. The 
filtered liquid was cooled to 0° and acidified with sulphuric acid; an immediate crystalline 
precipitate was observed, but at room temperature this became oily. Crystallisation from 
various solvents failed, and the best method was to keep a concentrated alcoholic solution for 
2 days in the ice-chest. A mixture of oil and crystals separated, and when this was collected 
and rubbed with a glass rod the whole solidified (20 g.; m. p. of crystals, 130-5°) (Found : C, 
56-6; H, 5-0; N, 11-7. C,,H,,O,N, requires C, 56-8; H, 4-7; N, 11-6%). On boiling with 
aqueous alcohol (50%), ring closure occurs as in the case of the un-nitrated phthalamic acid. 
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2-Nitro-4-y-phthalimidopropoxyaniline (II)—A mixture of nitrophthalimidopropoxy- 
acetanilide (30 g.) and concentrated hydrochloric acid (750 c.c.) was boiled for 40 minutes; 
complete solution occurred in 20 minutes, and thereafter a colourless hydrochloride soon 
crystallised. Much water was added, causing decomposition of the hydrochloride, and the 
orange-red base was crystallised from methyl alcohol (yield, 93% of m. p. 172-5°) (Found : 
C, 59-6; H, 4-6; N, 12-3. C,,H,,0;N, requires C, 59-8; H, 4-4; N, 12-3%). The substance 
is not soluble in dilute aqueous acids or alkalis, and it is very resistant to further hydrolysis by 
means of hot concentrated hydrochloric acid or 50% sulphuric acid. It may, however, be 
hydrolysed by hydrazine in alcoholic solution. 

8-Nitro-6-y-aminopropoxyquinoline (III).—A mixture of 2-nitro-4-y-phthalimidopropoxyani- 
line (25 g.), glycerol (25 g.), sulphuric acid (25 g.), and arsenic acid (15 g.) was heated (oil-bath 
at 160°) under reflux for 2} hours. The viscous mass was triturated with water (150 c.c.), 
then filtered through kieselguhr which was washed with water. The filtrate was rendered 
weakly alkaline, precipitating a dark sticky mass which was collected (filtrate A), dissolved 
in dilute hydrochloric acid, filtered from a little tar, and precipitated with sodium hydroxide. 
The precipitate was again dissolved in dilute hydrochloric acid, filtered, and the solution com- 
bined with A. The solution was rendered strongly alkaline, and the solid collected with the 
addition of papier maché to assist filtration. This crude material was dried, dissolved in alcohol, 
and the solution boiled for 5 minutes after the addition of rather a large amount of animal char- 
coal; the alcohol was then removed, after filtration, and the residual oil dissolved in dilute 
sulphuric acid. Careful basification of this solution with cooling and mechanical stirring afforded 
leaflets, which were collected, washed with ether, and dried (yield, 70%). The base crystallised 
from 30% methyl alcohol in yellow leaflets, m. p. 108° (Found: C, 58-4; H, 5-2; N, 16-2, 16-8. 
C,,H4303N requires C, 58-3; H, 5-3; N,17-0%). It is readily soluble in alcohol and chloroform 
and sparingly soluble in ether and light petroleum. The hydrochloride, m. p. 211—214° 
(decomp.) could be crystallised from alcohol. 

The failure to bring about condensation to a quinoline starting with the amine or phthalamic 
acid corresponding to the phthalimide was not for lack of attempts; it must be emphasised that 
the original bases were recovered unchanged. 

8-Nitro-6-y-phthalimidopropoxyquinoline.—Nitro-aminopropoxyquinoline (2 g.) and phthalic 
anhydride (1-35 g.) were heated together at 180° for 10 minutes, and the liquid then crystallised. 
After cooling, the mass was pulverised and extracted with hot alcohol (50 c.c.); the sparingly 
soluble product was collected (yield, 90%), and crystallised in colourless leaflets, m. p. 209°, on 
the addition of alcohol to a solution in chloroform (Found: C, 63-6; H, 4-0; N, 10-9. 
Cy9H,,0,;N; requires C, 63-7; H, 4-0; N, 11-1%). f 

8-A mino-6-y-phthalimidopropoxyquinoline.—Iron filings (1-3 g.) were added to a suspension ° 
and solution of the foregoing compound (2-6 g.) in alcohol (260 c.c.)and concentrated hydrochloric 
acid (6c.c.); a further equal amount of iron was added after 15 mins. The mixture was refluxed 
until (1—2 hours) the nitroquinoline had passed into solution, and it was then concentrated to 
about 20 c.c., mixed with water (100 c.c.), and filtered. The residue was boiled with water 
(300c.c.) for } hour, whereby the hydrochloride is decomposed, and the solids were again collected, 
and well dried at 100°. The base was then dissolved in chloroform, dried with potassium car- 
bonate, and the solution filtered from this salt and iron filings. After concentration, the base 
was precipitated by the addition of ether in golden-yellow leaflets, m. p. 157—158° (yield, 83%) 
(Found : C, 69-2, 68-3, 68-3; H, 4-9, 5-1, 5-0; N, 12-1. C,9H,,0O,N; requires C, 68-4; H, 5-0; 
N, 12-0%). This base is soluble in hot alcohol, chloroform, or acetone, but sparingly soluble in 
ether and light petroleum. 

8--y-Phthalimidopropylamino-6-y-phthalimidopropoxyquinoline.—A finely powdered mixture 
of the preceding compound (2 g.) and ybromopropylphthalimide (1-7 g.) was heated at 110— 
115° for 2 hours. The mass thickened after 1 hour and soon solidified; it was cooled, powdered 
under acetone, collected, and washed with acetone (hydrobromide, m. p. ca. 245°). This product 
was shaken with chloroform (1200 c.c.) and potassium carbonate, the solution of the base 
filtered, concentrated to a small volume, mixed with ether (200 c.c.), and filtered after an hour. 
The filtrate was mixed with light petroleum at 0°; a small quantity of tar separated (decant), 
followed by a yellow crystalline deposit. This was collected and purified in the same way from 
chloroform-ether-light petroleum, and by 8—9 recrystallisations from alcohol; the product 
is mixed with impurities that are difficult to remove completely (yield, 20% of yellow crystals, 
m. p. ca. 105°). The substance appears to be a hydrate and after drying at 100° in a vacuum the 
m. p. rose to 150—152° (Found: N, 10-3. C,,H,,0O,N, requires N, 10-5%). 

8-y-A minopropylamino-6-y-aminopropoxyquinoline Trihydrochloride (V1I)—A mixture of 
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the abovediphthalimido-compound (0-6 g.), hydrazine hydrate (1 g. of 94%), and alcohol (60 c.c.) 
was refluxed for 45 mins., the alcohol removed, and the residue boiled for 15 mins. with dilute 
hydrochloric acid. The filtered solution was basified, extracted with chloroform, and a hydro- 
chloride precipitated from the dried extract by means of dry hydrogen chloride; the red solid 
was washed with chloroform, dissolved in the minimum of water, and precipitated by means of 
acetone at — 5°. The yellow hygroscopic powder (R 55) * obtained by several repetitions of 
this process was dried over phosphoric anhydride, and then melted at about 188° (Found : 
C, 40-3; H, 7-0. C,;H,.ON,,3HCI1,3-5H,O requires C, 40-3; H, 7:0%). The sulphate is a 
similar hygroscopic salt, and the base was only obtained as an oil. 

8-A mino-6-y-aminopropoxyquinoline (V).—A mixture of 8-nitro-6-y-aminopropoxyquinoline 
(2 g.), concentrated hydrochloric acid (8 c.c.), water (16 c.c.), and crystallised stannous chloride 
(15 g.) was heated on the steam-bath for 45 mins. After cooling, the solution was rendered 
strongly alkaline, and the base isolated by means of chloroform as a yellow oil, readily soluble 
in organic solvents. This distilled at 150—160°/ < 1mm.,and rapidly crystallised, m. p. 106— 
107° (Found: C, 66-3; H, 6-9; N, 19-2. C,,H,,;ON, requires C, 66-4; H, 6-9; N, 19-3%). 
The hydrochloride could be crystallised in reddish-brown needles, m. p. 211—214°, by adding 
chloroform to its alcoholic solution (Found: Cl, 22-7. C,,H,,ON;,2HCI1,1-5H,O requires Cl, 
22-4%); it is readily soluble in water (R 54). 

8-A mino-6-y-dimethylaminopropoxyquinoline Methiodide Hydrochloride (V1).—8-Nitro-6-y- 
aminopropoxyquinoline was methylated by means of methy] iodide in boiling alcoholic solution 
and in the presence of potassium carbonate. The salt crystallised from hot water in pale 
yellow prismatic needles which sintered at 212° and melted at 222° (decomp.). This methiodide 
(2 g.) was dissolved in alcohol (150 c.c.) and concentrated hydrochloric acid (6 c.c.), and the 
solution refluxed for 1} hours after the addition of iron filings (2g.). The alcohol was evaporated, 
and the residue taken up in water and rendered alkaline. The filtrate from ferric hydroxide 
was acidified with hydrochloric acid and evaporated to dryness under diminished pressure. 
The salt was then recrystallised from alcohol several times, forming yellow needles, m. p. 222° 
(decomp.) (yield, ca. 1 g.) (Found : C, 41-6; H, 6-0; N, 9-0. C,;H,,ON;I,HCI1,0-5H,O requires 
C, 41-6; H, 5-6; N, 9-7%). The salt (R 53) was not quite free from potassium chloride, which 
was very difficult to remove. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, July 6th, 1934.] 





288. Quinoline Derivatives. Part III.  B-2-Amino-4: 5-dimethoxy- 
benzoylpropionic Acid and its Derivatives. 

By M. Asput Hag, JNANENDRA N. RAy, and M. TuFFAIL-MALKANA. 
Hag, Kapur, and RAy (J., 1933, 1087) obtained a 8-2-amino-4 : 5-dimethoxybenzoy]l- 
propionic acid (I) of m. p. 118°, whereas Miki and Robinson (7bid., 1467) found this acid to 
melt at 141° and suggested that the former specimen was hydrated. This has now been 
verified, for the acid of m. p. 118° is a monohydrate, and after drying at 100° it melts 
indefinitely at 141°. On being heated more strongly, it is converted into the lactam (II), 
the constitution of which is based on the absence of a diazotisable amino-group. 


OG Cost Oe x0 " CgH,(OMe).(NH,)-CO-C,.H,-CO,H 
2 


NH (III.) 
me «% (II.) 


Me /LO\ H Me AO. Me CO. H 
Me CoH, Me C,H, Me CoH, 
NH-CO / CO-NH 


(IV.) (v.) N-OH (VI.) 


The ease with which such a seven-membered ring is formed is illustrated by the fact 
that 2-amino-4 : 5-dimethoxybenzoylbenzoic acid (III) cannot be isolated in the free state, 
* The numbers R 55, etc., identify specimens submitted for biological tests. 





Quinoline Derivatives. Part III. 1327 


passing readily into the /actam (IV). A lactam of this type has been prepared by Beckmann 
(Ber., 1923, 56, 16) by the transformation of anthraquinone-monoxime. Therefore, 
histazarin dimethyl ether monoxime (V) was prepared, and submitted to the Beckmann 
change, but the product (probably VI) was different from (IV). Irradiation with ultra- 
violet light converted the ¢vans-oxime into a mixture (cf. Kailan, Z. physikal. Chem., 
1914, 87, 33; Monatsh., 1925, 38, 13) in which the cis-form predominated. Treatment 
with phosphorus pentachloride in acetyl chloride converted it into a mixture of isomeric 
lactams, (IV) and (VI), in which (IV) predominated and was separated by fractional 
crystallisation. 

The condensation of §-2-amino-4 : 5-dimethoxybenzoylpropionic acid with acetyl- 
acetone (Haq, Kapur, and Ray, /oc. cit.), having given a compound of m. p. close to that 
of the compound similarly obtained from acetone by Miki and Robinson (/oc. cit.), the 
possibility of an extrusion of the acyl group was examined, but the original constitution 
was confirmed. 

We have also repeated the condensation of the amino-acid with acetaldehyde ; 
further analytical data confirm that condensation took place, but the product is contam- 
inated; moreover, it melts at 241° (with previous shrinking) instead of 141° as wrongly 
stated previously (/oc. cit.). 


EXPERIMENTAL. 


§-2-Amino-4 : 5-dimethoxybenzoylpropionic acid, prepared according to Haq e¢ al. (loc. 
cit.), was dried in air and in a vacuum over calcium chloride for 24 hrs., and obtained as a 
monohydrate, m. p. 118° (Found: C, 52-89; H, 6-28; N, 5-5. C,,H,,0,;N,H,O requires C, 
53-13; H, 6-27; N, 5-2%). When it (1 g.) was heated at 110° for } hr., 145° for } hr., and 
then at 160—170° for } hr., it afforded the /actam (II), which crystallised from benzene, m. p. 
183° (decomp.); it was insoluble in alkali solution, and did not give a ferric chloride or diazo- 
reaction (Found: C, 60-6; H, 6-0; N, 6-0. C,,H,,;0,N requires C, 61-2; H, 5-6; N, 6-0%). 

6 : 7-Dimethoxy-3-acetyl-2-methylquinoline-4-propionic acid, prepared as described by 
Haq ef al., was reanalysed (Found: C, 64-0; H, 6-0; N, 4-5. Calc. for C,,H,,O;N : C, 64-35; 
H, 6-0; N, 4.4%). Its piperonylidene derivative crystallised from benzene—ethyl acetate, 
m. p. 240° (decomp., shrinking earlier) (Found: N, 3-0. C,;H,;0,N requires N, 3-1%). 

The possibility of extrusion of the benzoyl group in the similar condensation with dibenzoyl- 
methane (/oc. cit.) was also negatived by repeating the process with zinc chloride as condensing 
agent. The 6: 7-dimethoxy-3-benzoyl-2-phenylquinoline-4-propionic acid had m. p. 229—230° 
(decomp.) (Found: C, 72-8; H, 5-19; N, 3-4. Calc. for C,,H,,0;N: C, 73-4; H, 5-2; 
N, 3-2%); in admixture with 6 : 7-dimethoxy-2-phenylquinoline-4-propionic acid, it had 
m. p. 171—197°. 

3 : 4-Dimethoxybenzoylbenzoic Acid.—This acid was prepared in 25% yield by Lagodzinski 
(Ber., 1895, 28, 118; Amnnalen, 1905, 342, 96), but the following method gives a much better 
yield. Toa cold solution of anhydrous aluminium chloride (13-5 g.) in nitrobenzene (25 c.c.), 
a solution of phthalic anhydride (7-5 g.) and veratrole (7-0 g.) in the same solvent (25 c.c.) was 
added; the whole was kept at 0—5° for 24 hrs., with occasional shaking, and then at 40° for 
} hr. Ice and hydrochloric acid were added, the solvent removed in steam, and the residue 
dissolved in alkali, whence the acid (m. p. 236—237°, from acetic acid) was isolated; yield 
8—9 g. ; 

2-Nitro-4 : 5-dimethoxybenzoylbenzoic Acid.—A solution of the above acid (1-0 g.) in acetic 
acid (25 c.c.) was mixed with nitric acid (d 1-42; 5 c.c.) and warmed at 75° for 2 mins.; it was 
cooled, sulphuric acid (0-5 c.c.) added, and the mixture kept at 0° for} hr. Water was added 
till the solution became turbid, and the nitro-acid (1 g.) slowly separated; crystallised from 
ethyl alcohol, it had m. p. 165° (Found: N, 4-36. C,,H,,;0,N requires N, 4:2%). 

The lactam of 2-amino-4 : 5-dimethoxybenzoylbenzoic acid (IV) was prepared by reducing a 
solution of the nitro-acid (1-0 g.) in ammonia (d 0-88; 10 c.c.) and water (7 c.c.) at 100° witha 
solution of hydrated ferrous sulphate (10 g.) for 1 hr. The mixture was filtered, the residue 
washed with hot water, and the combined filtrate and washings cooled to 0°, acidified with 
acetic acid, and extracted with ethyl acetate. Removal of the solvent left a yellowish mass, 
which crystallised from dilute alcohol in canary-yellow leaflets, m. p. 256° (after drying at 100°) 
(Found: C, 68-3; H, 4-9; N, 5-0. C,,H,,0,N requires C, 67-9; H, 4-6; N, 49%). The 
substance is insoluble in sodium carbonate solution and does not give a diazo-reaction. 
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Histazarin Dimethyl Ether.—3 : 4-Dimethoxybenzoylbenzoic acid (1 g.), dissolved in sulphuric 
acid (d 1-84; 10 c.c.), was heated at 40—60° for 1 hr. The product isolated after pouring the 
reaction mixture on ice was washed with sodium carbonate solution, and crystallised from dilute 
acetic acid; deep yellow, silky needles, m. p. 235—236° (Lagodzinski, Joc. cit., gives 237°) ; 
yield theoretical. 

A mixture of this ether (0-2 g.), pyridine (5 c.c.), and hydroxylamine hydrochloride (0-1 g.) 
in water (4 c.c.) was gently boiled for 5 hrs. under reflux, and then poured into potassium 
hydroxide solution (10 c.c. of 5%). The clear deep red filtrate was acidified with acetic acid, 
and the resulting yellowish precipitate crystallised from dilute alcohol in glistening leaflets, 
m. p. 210—212° (decomp.) (Found: N, 4-8. C,,H,,;0,N requires N, 494%). The method 
enabled anthraquinone-monoxime to be more readily prepared than by earlier methods; m. p. 
217° from alcohol (Found: N, 6-3. Calc. for C,,H,O,N : N, 6-3%) (Schunk and Marchlewski, 
Ber., 1894, 27, 2125, give m. p. 224°). 

A mixture of the monoxime (V) (0-5 g.), acetyl chloride (5 g.), and phosphorus pentachloride 
(1 g.) was kept at 0° for 12 hrs. After the removal of volatile products on the steam-bath, 
the residue was decomposed with ice; the yellowish mass which separated crystallised from 
dilute acetic acid in yellow needles, m. p. 235° (decomp.), mixed m. p. with (IV), 186—195° 
(Found: N, 5-1. C,gH,,0,N requires N, 4-9%). 

Hydrogen chloride was passed into a solution of the monoxime (V) in ether at 0°, and 
the yellowish-orange precipitate was dried, well powdered, and exposed to ultra-violet light 
from a mercury-vapour lamp for 40 minutes with stirring; it was then introduced into a 
mixture of acetyl chloride (10 g.) and phosphorus pentachloride (5 g.) and kept for 12 hrs. 
The product was worked up as previously described, and after crystallisation front alcohol had 
m. p. 256°, not lowered by admixture of the lactam (IV) prepared as described above. 

In view of the use of acridine derivatives as antimalarials, 8-2-amino-4 : 5-dimethoxybenzoyl- 
propionic acid (1 g.) was condensed with cyclohexanone (0-5 c.c.) by } hour’s heating at 
110—120°; powdered zinc chloride (2 g.) was then introduced and heating continued for 10 
hrs. The product was washed with tepid water, dissolved in dilute hydrochloric acid, and 
filtered. The filtrate was basified with ammonia in presence of ammonium chloride, then 
made slightly acidic with acetic acid; a crystalline substance was formed, and recrystallised 
from hot methanol, it had m. p. 262° (Found: N, 4-4. C,,H,,0O,N requires N, 4-4%). 

3 : 4-Dimethoxyphenylphthalide.—3 : 4-Dimethoxybenzoylbenzoic acid (1-1 g.) was reduced 
with sodium amalgam (3%; 15 g.); the solution was filtered, and boiled with dilute hydro- 
chloric acid; the resulting crystalline precipitate was recrystallised from hot acetic acid; m. p. 
144° (Found: C, 70-6; H, 4-8. C,,H,,O, requires C, 71-1; H, 5-1%). 

2-Nitro-4 : 5-dimethoxyphenylphthalide.—The above phthalide (0-8 g.) in acetic acid (5 c.c.) 
was nitrated with nitric acid (d 1-42; 2-8 c.c.). Water precipitated a yellow substance which 
crystallised in bright yellow, silky needles from dilute acetic acid, m. p. 224° (Found: N, 4-2. 
C,gH,;0,N requires N, 4-4%). 


THE UNIVERsITy, LAHORE, (Received, July 6th, 1934.] 





289. Experiments on the Synthesis of Santene and its Derivatives. 
Part I. 


By Lair M. Moununta and JNANENDRA N. RAy. 


THE constitution of the hydrocarbon santene (C,H,,) occurring in Santalum album L. has 
been established by Semmler and Bartelt (Ber., 1907, 40, 4595; 1908, 41, 128, 389, 867). 
It is the only substance known to disobey the isoprene rule, and it has been suggested that 
it is formed naturally from teresantalic acid by a Wagner transformation after hydration 
and decarboxylation. The earlier syntheses of santene (cf. Hintikka and Komppa, Amnalen, 
1912, 387, 292; Ruzicka and Liebl, Helv. Chim. Acta, 1923, 6, 271) all involve the Wagner 
rearrangement, but recently a direct synthesis was effected by Diels and Alder (Amnalen, 
1931, 486, 205) by dehydration of y-santenol, from methylmagnesium iodide and 6-methyl- 
norcamphor; this, however, is not unambiguous, for dehydration may take place in an 
alternative direction via a tricyclene. A simple synthesis, however, is now described. 
The disodio-derivative of ethyl a«’-diacetyladipate (I) condenses with methylene iodide 
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in toluene solution to give the ester (II), which was directly hydrolysed to 1 : 3-diacetyl- 
cyclopentane (IIT), identical (disemicarbazone) with the diketone prepared by Semmler and 
Bartelt (/oc. cit.) by ozonolysis of santene. The dicyclic ketone (IV) was always formed 
simultaneously and was identical with the substance prepared by the same authors from 
the diketone (III) by reaction with sodium ethoxide ; it gives a semicarbazidosemicarbazone, 
formed by the addition of a second molecule of the reagent at the double bond (cf. Rupe 
and Schlochoff, Ber., 1903, 36, 2796, 4377). 


CH,*CO-CH(CO,Et)-(CH,).°CH(CO,Et)-CO-CH, (!.) 
COMe 


oa ecto CH, se Gr GH, [* (on —CH, 
Hy c<co? ct | CHeCH<EG ben, me Io 
COMe (II.) (III.) (IV.) (V.) 


The ketone (III), when reduced in moist ethyl acetate solution with aluminium amalgam, 
furnished santene glycol (V), identical with the substance prepared by oxidation of santene 
with potassium permanganate solution. The diketone (III) reacted vigorously with an 
excess of phenylhydrazine in acetic acid at 100° with copious evolution of nitrogen to give 
santene in amount too small for the preparation of a solid derivative (cf. Perkin, Ray, and 


Robinson, J., 1927, 2096). 
EXPERIMENTAL. 


Ethyl aa’-diacetyladipate was prepared according to Perkin (J., 1890, 57, 215), but puri- 
fication via the imido-derivative was wasteful. The crude product was subjected to rapid 
steam distillation for 25—30 mins., the residue extracted thrice with ether, the extract washed 
with sodium bicarbonate solution, dried (sodium sulphate; and in a vacuum over sulphuric 
acid for 12 hrs.), and rapidly distilled; b. p. 155—160°/4—6 mm.; yield 20%. 

Ethyl 1 : 3-Diacetylcyclopentane-1 : 3-dicarboxylate (II).—To a solution of sodium (1-6 g.) in 
dry alcohol (22 c.c.), the foregoing ester (10 g.) and toluene (70 c.c.) were added, and the mixture 
boiled under reflux with methylene iodide (9-3 g.) for 5 hrs. (the bromide can be used as well). 
After removal of the solvents, the residue was heated in a vacuum at 100° for a few minutes, 
water added, and the mixture extracted with a large volume of ether. The oily residue from 
ether (10 g.) was used directly for the next stage, since it decomposed on distillation in a vacuum. 

The oil (7-5 g.) was gradually added with shaking to potassium hydroxide solution (28 c.c. of 
10%), and shaking was continued for 2 hrs. with occasional cooling. After extraction with a 
large volume of ether, an oil (3-5 g.) was obtained; b. p. 125—130°/10 mm., 95—98°/2 mm. 
The disemicarbazone (Found: N, 31-4. Calc. for C,,H,,O,N,: N, 31-4%) had m. p. 216°, not 
depressed on admixture with an authentic specimen (Semmler and Bartelt, loc. cit., give m. p. 
216°). 
If the alkaline mixture in the above hydrolysis was allowed to become hot (or if it was boiled 
with alcohol under reflux), the ketone (IV) was obtained; b. p. 100—101°/9 mm.; n° 1-5038 
(Semmler and Bartelt give nj” 1-5139). With semicarbazide, it gave a semicarbazidosemi- 
carbazone, m. p. 205° (Semmler and Bartelt give 205°, but record no analysis) (Found: C, 49-1; 
H, 7-6; N, 31-7. C,,H ON, requires C, 49-3; H, 7-4; N, 31-4%), depressed on admixture 
with the above semicarbazone. : 

Santene Glycol (V).—The diketone (III) (1-0 g.), dissolved in moist ethyl acetate (100 c.c.), 
was reduced with amalgamated aluminium (from 5 g. of Al) for 12 hrs., and the solution filtered 
from aluminium oxide and evaporated, giving a viscous substance, b. p. 134—137°/9—10 mm. 
This crystallised in thick prisms on long standing in a vacuum, m. p. 191—192° (Found: C, 
69-0; H, 10-4. Calc. for C,H,,0,: C, 69-2; H, 10-2%), and revealed no difference when com- 
pared with the glycol prepared from natural sources. 

In this reduction, variable results were obtained, which we ascribe to the fact that the 
ketone (III) may be a trans-compound, because on oxidation with sodium hypobromite it affords 
trans-cyclopentane-1 : 3-dicarboxylic acid (cf. Semmler and Bartelt, Joc. cit.). However, its 
conversion into the dicyclic ketone (IV) by means of sodium ethoxide suggests that it and the 
cis-isomeride are readily interconvertible. 


UNIVERSITY OF THE PANJAB, LAHORE. [Received, June 18th, 1934.] 
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290. The Reactions of Nitrosulphonyl Chlorides. Part III. Identifi- 
cation and Characterisation of Aldehydes and Ketones as Nitro- 
benzenesul phonhydrazones. 

By JAmes M. L. CAMERON and FREDERICK R. STORRIE. 


CERTAIN mononitrobenzenesulphonhydrazones of aldehydes and ketones 
(NO.°C,H,°SO,*NH-N:CR,R,) 

have been described by Davies, Storrie, and Tucker (J., 1931, 624) and by Witte (Rec. trav. 
chim., 1932, 51, 299). We describe below some more of these derivatives and give in 
Table I the melting points of those which have so far been prepared. We are indebted 
to Miss M. C. Nelmes for the observation that acetone-p-nitrobenzenesulphonhydrazone 
(loc. cit.) is dimorphic, and since these compounds sometimes exhibit dimorphism, the 
solvent used in crystallisation is stated in each case. 


TABLE I. 
Mononitrobenzenesulphonhydrazones. 


Aldehyde or ketone. Ortho-. Meta-. Para-. 


. Acetaldehyde — _— 121—122° 
147—148° a 148—150° a 169—l7l a 


. Methyl ethyl ketone 143—144 124—125 a 155—156 

. Furfuraldehyde 118—120 156—157 152 

. isoValeraldehyde — — 132—133 
115 


. Methyl -propyl ketone — _— 
. Methyl ésopropyl ketone 113—114 129—130 160—161 


. Diethyl ketone . 99—101 -- 
. Mesityl oxide 139—140 128—130 127—128 


. cycloHexanone 135—136 152—153 162 


. Methyl isobutyl ketone 73—74} 102 
. Dextrose — 149—150 


. p-Bromobenzaldehyde _ 175—176 186—187 

. o-Nitrobenzaldehyde 190—192 179—180 199—200 
5. m- o 185—186 182—183 195—196 

. p- os 194—196 162—163 197—198 

. Benzaldehyde 170—171 150—151 a 142—144 a 

. Salicylaldehyde 195—196 167—168 


. Bromopiperonal 169—171 —_— 
. Piperona 177—179 a 173—175 a 


. Acetophenone 138—140 175 
. Anisaldehyde 116—118 1346 *f 
168—169 159—160 166—167 


. Cinnamaldehyde 153—155 188 b 

. Veratraldehyde —_ 181—182 188—189 
. Benzylideneacetone _— 176—177 173—174 
. Benzylacetone 95—96 131—132 153—154 
. Benzophenone 138—140 146—i47 — 


9. Phenyl p-tolyl ketone 128—130 f ai aes 
30. — 159—160 — 


31. Benzil (dihydrazone) — 166—167 

a. Prepared by Davies, Storrie, and Tucker. 6. Prepared by Witte. 

* We find m. p. 130—131°. +t Witte gives 178—179°. t All melt with decomposition except 
those marked thus. 


We also describe certain 2-chloro-5-nitrotoluene-4-sulphonhydrazones (some of which 
have already been prepared by Dann and Davies, J., 1929, 1050) and 2 : 4-dinitrobenzene- 
sulphonhydrazones, and intend to prepare more of these derivatives. We are investig- 
ating a rapid method of analysing these substances, which should increase their importance 
in the identification and characterisation of aldehydes and ketones. 


EXPERIMENTAL. 
The o-, m-, and p-nitrobenzenesulphonhydrazones are prepared by the method described 
earlier (Davies, Storrie, and Tucker, Joc. cit.), except that it has since been found that the 
o-nitrobenzenesulphonhydrazide can be isolated and dried without decomposition. Where 
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acetone is mentioned as the crystallising solvent, it is not, of course, the solvent used in the 
preparation of the derivative. 
The number preceding each compound corresponds to that in Table I. 


o-Nitrobenzenesulphonhydrazones. 
N, %.- 


Appearance. Solvent. Formula. Found. 

Slightly yellow hexagonal prisms EtOH C49H,,;0,N;S 15°7 
Brownish rectangular lamine MeOH C,,H,O,N,S 14°3 
White leaflets EtOH C,,H,,0,N,S 14°6 
Colourless rhombohedra MeOH C,,H,,;0,N,;S 14°8 
White hexagonal prisms COMe, C,.H,,0,N;S 14°1 
White rhombs COMe, C,,H,,0O,N;S 14:3 
Slightly yellow prisms MeOH C,.H,;0,N;S 14°4 
Stout white prisms Cy3Hy,O,N,S 16°1 
Short white needles Cy3H,O,N,S 15°8 
White prisms Cy3Hy.O,N,S 15°9 
Stout yellow rhombs C,3H,,0,N;S 14:0 
Pale yellow nodules C,3H,,0;N;S 13°3 
Pale yellow microcrystals C,4H,,0,N;S 10°1 
White quadrilateral prisms C,,H,,;0,N,S 13°2 
Pale yellow plates (parallelograms) C,,H,,;0,;N;S 12°5 
Pale yellow microcrystals C,,H,,0,N;S 12-2 
Yellow prisms C,;H,,;0,N,;5 12°9 
Stout white prisms C,gH,;0,N;S 12-1 
Long thin white needles Cy9H,,;0,N;S 10°9 
White microcrystals C.9H,,0,N5S 





m-Nitrobenzenesulphonhydrazones. 


Pale yellow leaflets EtOH C,,H,O,N;S 
Small white needles EtOH 

White prisms EtOH 

White microcrystals EtOH 

Long white prisms MeOH 

White microcrystals EtOH 

Small white needles EtOH 

Small white needles MeOH 

Pale a microcrystals H,O-MeOH C13H9O,N,S 
Small white needles COMe,EtOH  C,,H,,0,N,S 
White microcrystals EtOH C.5H.,0,N,S 
White plates EtOH C,3;H,,0;N,;S 
White microcrystals EtOH C,,H,;0,N;S 
Pale buff glistening leaflets EtOH C,,H,,;0,N,S 
Small yellow needles EtOH C,,H,,;0,N,S 
Bright yellow needles EtOH C,5H,,0,N;S 
White plates EtOH C,,H,,0,N,S 
Short white prisms EtOH C,gH,,0,N;S 
Small white plates EtOH Cy9H,,0,N;S 
Small white matted needles EtOH Cy9H,,0;N3S 
Pale yellow microcrystals EtOH CygH Og gS. 


p-Nitrobenzenesulphonhydrazones. 


Small fine white needles H,O-MeOH C,H,O,N,S 
White needles EtOH C49H,30,N,S 
Yellow needles EtOH C,,H,O,N,;S 
White plates MeOH Ci1Hys0,N5S 
Small white needles MeOH C,,H,,0O,N,;S 
Pale yellow microcrystals EtOH C,,H,,0,N;S 
Small white needles EtOH C,,.H,,0O,N;S 
White plates EtOH C,,H,,0,N;S 
Stout colourless prisms EtOH Cy3H,,O,N,BrS 
Fine white needles COMe, C,3H,,0,N,S 
Small white rhombs EtOH C,3H,,0,N,S 
Small white needles EtOH C,3H,,0,N,S 
Pale yellow plates EtOH C43H,,0 
Thin white plates EtOH Cy,H,,0,N;S 
White microcrystals EtOH C,,H,;0,N,S 
Pale ow needles EtOH C,,H,;0,N,S 

EtOH C,,H,,0,N,S 

COMe, C,,.H,,0,N. 
Small white needles MeOH C,¢H,,0,N,;S 

4T 
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All the following hydrazones melt with decomposition. 2 : 4-Dinitrobenzenesulphonhydr- 
azide is prepared as described by Davies, Storrie, and Tucker (loc. cit.), and its derivatives are 
prepared in the same manner as the mononitro-derivatives, except that the temperature must 
be kept below — 10° on account of the increased instability of the hydrazide. 2: 4-Dinitro- 
benzenesulphonhydrazones of : (2) colourless, silky needles from acetone, m. p. 148° (Found : 
N, 18-8. C,H,O,N,S requires N, 18-6%); (17) yellow micro-crystals from acetone, m. p. 
188° (Found: N, 16-0. C,,H,O,N,S requires N, 16-0%); (19) yellow micro-crystals from 
acetone, m. p. 177° (Found : N, 11-6. C,,H,O,N,BrS requires N, 11-6%); (20) orange needles 
from acetone, m. p. 172—173° (Found: N, 14:5. C,H,O,N,S requires N, 14:2%); 
(28) yellowish micro-crystals from acetone, m. p. 182—133° (Found: N, 12-8. CygH,,O,N,S 
requires N, 13-1%). 

2-Chloro-5-nitrotoluene-4-sulphonhydrazide is described by Dann and Davies (loc. cit.) ; 
the hydrazones are prepared as for the nitrobenzenesulphonhydrazones. Acetone-2-chloro-5- 
nitrotoluene-4-sulphonhydrazone, stout, colourless, hexagonal prisms from acetone, m. p. 156— 
157° (Found: N, 14-1. C4 H,,0,N,CIS requires N, 13-8%). Benzaldehyde-2-chloro-5-nitro- 
toluene-4-sulphonhydrazone, stout, colourless prisms from alcohol, m. p. 158—160° (Found : 
N, 11-8. C,4H,,0,N,CIS requires N, 11-6%). 

The acetone-p-nitrobenzenesulphonhydrazone described by Davies, Storrie, and Tucker 
(loc. cit.) as melting at 169—171° when crystallised from acetone, has m. p. 183—184° when 
crystallised from alcohol, the latter being the more stable form. 



























The authors thank Miss M. E. C. Anderson, and Messrs. R. B. Carswell, R. L. Jones, and 
J. Lindsay for preparing some of the compounds described above. 
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291. Syntheses of 2-Phenylnaphthalenes. 
By F. S. SPRING. 


THE present experiments were commenced prior to the publication of the synthesis of 
1 : 2-cyclopentenophenanthrenes (references below) with a view to the synthesis of 2-o- 
tolyl-l-methylnaphthalene (II), which it was anticipated might be identical with Diels’s 
hydrocarbon C,,H,, (Diels, Gadke, and Kérding, Annalen, 1927, 459, 1) obtained by the 
dehydrogenation of cholesterol, ergosterol, and cholic acid. 

The suggested mechanism for this transformation by selenium dehydrogenation 
assumes a fission of the typical sterol structure (I) between carbon atoms 11 and 12 in 












CH, tC 
ny \ (II.) 
ANA 
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ring C, followed by elimination of the side chain R and rearrangement of ring D. Such a 
mechanism is somewhat analogous to that postulated by Ruzicka and Hosking (Helv. 
Chim. Acta, 1931, 14, 210) to account for the formation of 1 : 5 : 6-trimethylnaphthalene 
by the dehydrogenation of tetracyclosqualene. 

Although recent work (Cook and Hewett, J., 1933, 1098, this vol., p. 365; Harper, 
Kon, and Ruzicka, ibid., p. 124) shows that in all probability Diels’s hydrocarbon is 3’- 
methyl-1 : 2-cyclopentenophenanthrene, the present work is placed on record because it 
offers a facile method for the preparation of substituted 2-phenylnaphthalenes and other 
polycyclic aromatic hydrocarbons by the application of the Reformatzky reaction to 
deoxybenzoins, which are now readily available by the elegant method of Baker and 
Robinson (J., 1932, 1798). 












_-—_ 2. a) a ee 
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Condensation of deoxybenzoin with bromoacetic ester in the presence of zinc gave 
ethyl 8-hydroxy-By-diphenylbutyrate (III; R =H, R’ = Et), from which on dehydration 
with acetic anhydride, followed 45 hydrolysis, B-benzylcinnamic acid, identical with that 
described by Ruhemann (J., 1910, 97, 459), was produced. 


R’ Oe a, HOE oa, 
a We /A(OH)Ph ee //AEPh oe -% 


(III.) (IV.) (V.) 


Reduction of the unsaturated acid with sodium amalgam gave #y-diphenylbutyric 
acid (IV; R=H). The latter acid can be obtained more conveniently and in better 
yield by the direct reduction of 8-hydroxy-By-diphenylbutyric acid with red phosphorus 
and hydriodic acid. Cyclisation of (IV; R = H) was effected by means of 85% sulphuric 
acid (Haworth, J., 1932, 1125), 1-keto-3-phenyl-l1 : 2:3: 4-tetrahydronaphthalene (V; 
R = H) being obtained in 60% yield; v. Braun and Manz (Annalen, 1929, 468, 266) pre- 
pared this ketone by treating By-diphenylbutyryl chloride with aluminium chloride. The 
ketone was reduced by Clemmensen’s method, and the product dehydrogenated with 
selenium to give 2-phenylnaphthalene, identical with that described by Smith and Taka- 
matsu (J., 1881, 39, 546). 

2-Phenyl-1-methylnaphthalene.—8-Hydroxy-By-diphenylvaleric acid (III; R= Me, 
R’ = H) was prepared by the condensation of «-phenylpropiophenone with bromoacetic 
ester in the presence of zinc, followed by hydrolysis of the product. This acid could not 
be dehydrated with boiling acetic anhydride, but on reduction with hydriodic acid and 
red phosphorus it readily yielded By-diphenylvaleric acid, m. p. 132°. ‘This is not identical 
with the By-diphenylvaleric acid prepared by Meerwein (J. pr. Chem., 1918, 97, 269) by — 
the reduction of By-diphenylvalerolactone with hydriodic acid and red phosphorus. Prob- 
ably the two acids represent the two possible racemic varieties. 

Cyclisation of y-diphenylvaleric acid (m. p. 132°) with 85% sulphuric acid yielded 
4-keto-2-phenyl-1-methyl-1 : 2: 3 : 4-tetrahydronaphthalene (V; R= Me), from which on 
reduction with amalgamated zinc and concentrated hydrochloric acid, followed by selenium 
dehydrogenation of the product, 2-phenyl-l-methylnaphthalene was obtained; its pro- 
nounced fluorescence could only be reduced by sublimation (no change of m. p.). Treat- 
ment of this hydrocarbon with picric acid in alcoholic solution produced an unstable 
hemipicrate. Although distinct evidence of picrate formation was obtained with 2-phenyl- 
naphthalene, a pure product could not be isolated. 


EXPERIMENTAL. 

Ethyl B-Hydroxy-By-diphenylbutyrate (III; R =H, R’ = Et).—Deoxybenzoin (30 g.) in 
dry benzene (100 c.c.) was warmed on the water-bath with bromoacetic ester (27 g.) and zinc 
filings (11 g.) until reaction set in (4 mins.). After the first vigorous reaction had subsided 
(15 mins.), the mixture was refluxed for a further 2 hours, and a copious crystalline mass of 
zinc complex had then separated. The mixture was decomposed by shaking with ice-cooled 
sulphuric acid (15%), and the benzene layer was separated, washed with dilute sulphuric 
acid, and dried. After removal of the benzene, the residual yellow oil was dissolved in 
95% alcohol, from which the ester separated in clusters of long needles, m. p. 57—58° (Found : 
C, 76-0; H, 6-9. C,,H,.O, requires C, 76-1; H, 7-0%). The free acid, after three crystallis- 
ations from alcohol, formed colourless needles, m. p. 120° (Found: C, 75:3; H, 6-5. C,,.H,,0; 
requires C, 75-0; H, 6-3%). 

B-Benzylcinnamic Acid.—The ester (III; R = H, R’ = Et) (30 g.) was refluxed with acetic 
anhydride (100 c.c.) for 3hours. After removal of the acetic anhydride under reduced pressure, 
the residual oil was hydrolysed by refluxing on a water-bath for 2 hours with a solution of potass- 
ium hydroxide (20 g.), water (100 c.c.), and ethyl alcohol (200 c.c.). The solution was acidified 
with dilute sulphuric acid, and the precipitated acid crystallised from alcohol, separating in 
long, prismatic needles, m. p. 169° (Ruhemann, Joc. cit., gives m. p. 168—169°) (Found: C, 
80-6; H, 5-8. Calc. for C,,H,,0,: C, 80-7; H, 58%). The yield is only 20%, the remainder 
being recovered as the hydroxy-acid (III; R= H, R’ =H), m. p. 120°. The latter acid 
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(1 part) gave By-diphenylbutyric acid in 85% yield by refluxing with red phosphorus (1 part) 
and hydriodic acid (d 1-7; 8 parts) for 5 hours. After cooling, the mixture was diluted with 
water, and the aqueous layer decanted from the red gum. The latter was extracted with dilute 
potassium hydroxide solution, and filtered. The filtrate was acidified with dilute hydrochloric 
acid, and the precipitated acid isolated with ether. After two crystallisations from 85% ethyl 
alcohol, it formed colourless prisms, m. p. 95—96°, either alone or in admixture with the product 
obtained by the reduction of 8-benzylcinnamic acid (Ruhemann, /oc. cit.). 

1-Keto-3-phenyl-1 : 2: 3: 4-tetrahydronaphthalene (V; R= H).—fy-Diphenylbutyric acid 
(7 g.) was heated on the water-bath for 70 minutes with concentrated sulphuric acid (21 c.c.) 
and water (7 c.c.), with constant stirring. The mixture was diluted with water, the oil extracted 
with ether, the extract washed with water and dilute alkali, and the ether removed; a yellow 
oil (4-0 g.) was obtained, which gave small needles from light petroleum (b. p. 40—60°), m. p. 
65°, unaltered by two recrystallisations (Found: C, 86-6; H, 6-4. Calc. for C,,H,,O: C, 
86-5; H, 6-4%). The semicarbazone separated in flakes, which after crystallisation from 
methyl alcohol formed colourless prisms, m. p. 211° (Found: N, 14-9. Calc. for C,,H,,ON;: 
N, 15:1%). Braun and Manz (loc. cit.) give m. p.’s 65—66° and 208° for the ketone and semi- 
carbazone respectively. 

2-Phenylnaphthalene.—-The ketone (V; R = H) (3 g.) was gently boiled for 15 hours with 
amalgamated zinc (15 g.) and concentrated hydrochloric acid (25 c.c.). The product was 
isolated with ether, and dehydrogenated by heating with selenium (2-5 g.) for 24 hours; during 
the process the crystalline sublimate was thrice melted down. The product was extracted with 
dry ether, and distilled from sodium at 12 mm.; the green fluorescent oil obtained rapidly 
solidified to a crystalline mass, which recrystallised from alcohol as colourless plates, m. p. 
98°. Sublimation of this material gave 2-phenylnaphthalene, m. p. 101°, in large colourless 
plates with a delicate blue fluorescence (Breuer and Zincke, Ber., 1878, 11, 1403, give m. p. 
101—101-5°) (Found : C, 94-0; H, 6-1. Calc. for C,,H,,: C, 94:1; H, 5-9%). 

8-Hydroxy-By-diphenylvaleric Acid (III; R= Me, R’ = H).—A mixture af a-phenylpro- 
piophenone (Meyer and Oelkers, Ber., 1888, 21, 1295) (20 g.), bromoacetic ester (17 g.), zinc 
needles (6-5 g.), and dry benzene (100 c.c.) was heated on the water-bath for 2} hours. The 
green solution was decomposed by shaking with ice-cooled 15% sulphuric acid; ether was 
added to facilitate the separation of the benzene, and the upper layer washed with dilute sul- 
phuric acid and dried (sodium sulphate). After removal of the solvent, the residual oil was 
hydrolysed by 3 hours’ refluxing with alcoholic potassium hydroxide (300 c.c. of 20%), the 
resulting solution acidified with dilute sulphuric acid, and the product ether-extracted. The 
residual colourless oil obtained after removal of the ether was dissolved in light petroleum 
(b. p. 60—80°), and set aside for 12 hours at 0°. The Aydroxy-acid was collected and twice 
recrystallised from the same solvent, separating in fine needles of constant m. p. 178° (Found : 
C, 75-7; H, 6-5. C,,H,,O, requires C, 75-6; H, 6-6%). 

By-Diphenylvaleric Acid (IV; R = Me).—The above hydroxy-acid was reduced with red 
phosphorus and hydriodic acid in exactly the manner described above. After three crystallis- 
ations from light petroleum (b. p. 60—80°), the acid formed beautiful small needles, m. p. 132° 
(yield, 80%) (Found: C, 80-4; H, 7-1. C,,H,,O, requires C, 80-3; H, 7-1%). 

4-Keto-2-phenyl-1-methyl-1 : 2: 3: 4-tetrahydronaphthalene (V; R= Me).—fy-Diphenyl- 
valeric acid (10 g.) was warmed on the water-bath for 70 minutes with concentrated sulphuric 
acid (31 c.c.) and water (10 c.c.). The product was worked up as previously described, the 
neutral portion rapidly solidifying to a crystalline mass, which separated from light petroleum 
(b. p. 40—60°) in plates, and from dilute methyl alcohol in needles, m. p. 68° (Found : C, 86-7; 
H, 6-9. C,,H,,O requires C, 86-5; H, 6-8%). The semicarbazone separated from methyl 
alcohol in colourless prisms, m. p. 221° (Found: N, 13-9. C,sH,,ON; requires N, 14-3%). 

2-Phenyl-1-methylnaphthalene.—The ketone (V; R = Me) (3-5 g.) was refluxed for 18 hours 
with concentrated hydrochloric acid (24 c.c.) and amalgamated zinc (15 g.). The product was 
isolated with ether, and dehydrogenated by heating with selenium (3 g.) for 30 hours at 320°, 
the crystalline sublimate being repeatedly melted down. The product was extracted with ether 
and filtered from unchanged selenium. Removal of the ether and distillation of the residue 
over sodium at 13 mm. gave a clear, highly fluorescing oil which solidified on standing over- 
night in the refrigerator. Recrystallisation (charcoal) from absolute alcohol gave long green 
needles, m. p. 84°, with a very pronounced purple fluorescence, which persisted after repeated 
recrystallisations. Sublimation, however, gave 2-phenyl-l-methylnaphthalene in colourless 
plates, m. p. 84° (Found : C, 93-8; H, 6-5; M,210. C,,H,, requires C, 93-6; H, 6-4%; M, 218). 
The hemipicrate, prepared in warm alcoholic solution, separated in orange-coloured plates, 
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m. p. 83° (Found: N, 6-4, 6-3. C,,H4,,4C,H,O,N, requires N, 6-3%). On recrystallisation 
this readily decomposed into its components. 


The author’s thanks are due to Mr. J. Lloyd of this University for carrying out the analyses 
by micro-methods. 


THE UNIVERSITY, MANCHESTER. [Received, June 5th, 1934.) 





292. Interaction of Carbon Monoxide and Alcohols. Pari I. Synthesis 
of Acetic Acid. 


By Dovctas V. N. Harpy. 


In publications from this laboratory relating to catalytic hydrogenation of carbon mon- 
oxide (Morgan, Taylor, and Hedley, J. Soc. Chem. Ind., 1928, 47, 1177; Morgan, Proc. 
Roy. Soc., 1930, A, 127, 246 ; Morgan, Hardy, and Procter, J. Soc. Chem. Ind., 1932, 
51, It) the production of alcohols higher than methyl has been ascribed to an aldol 
mechanism which postulates formation of higher alcohols from aldehydes by successive 
processes of aldolisation, dehydration, and hydrogenation. An alternative mechanism 
(Fischer, Ind. Eng. Chem., 1925, 17, 576) supposes direct addition of carbon monoxide 
to alcohols with production of acids which may then undergo reduction to aldehydes and 
alcohols : 


MeOH + CO —> Me-CO-OH —-> Me‘CHO —-> Me-CH,-OH 


This alternative method of building up carbon chains has received little attention, and 
since no scientific data concerning it were available, its investigation was undertaken 
as part of the general scheme of high-pressure research in this laboratory. 

The reaction between alcohols and carbon monoxide under pressure and in presence 
of sodium alkoxides has been shown to yield the corresponding alkyl formate (Stahler, 
Ber., 1914, 47, 580; see also Christiansen, J., 1926, 413; B.P. 252,848, 268,890), R-OH + 
CO —> R-O-CO-H, but the patent literature contains many claims that from methyl 
alcohol, acetic acid and methyl acetate result when catalysts of the following types are 
employed: acetates, or materials capable of forming acetates, which yield acetic acid on 
pyrolysis (B.P. 264,588) ; non-volatile acids and acidic oxides (notably phosphoric acid ; 
cf. B.P. 283,989; see also B.P. 400,189, 405,282) promoted by compounds of copper and 
metals of the vanadium-nickel sequence (B.P. 317,867, 343,947) ; combinations of hydrat- 
ing and hydrogenating substances (B.P. 254,819, 320,457, 323,475; U.S.P. 1,562,480). 
These and closely related claims (e.g., B.P. 259,641, 310,438, 340,939, 334,207) specify the 
use of increased pressure with reaction temperatures up to 450°. 

The formation of acetic acid from methy] alcohol and carbon monoxide is an exothermic 
process, and at room temperature 


MeOH vapour + CO = Me:CO*OH vapour + 24,840 cals. 


Using Nernst’s approximate equation, it may be calculated that under atmospheric 
pressure equilibrium should be in favour of acetic acid at temperatures up to about 370°, 
and that at 327° the extent of dissociation of acetic acid into methyl alcohol and carbon 
monoxide would be decreased from 25% to 4% by an increase of pressure from 1 to 50 atm. 
Heat considerations would indicate, therefore, that synthesis of acetic acid from methyl 
alcohol and carbon monoxide should be a simple matter. 

The synthesis was achieved in preliminary experiments under a pressure of 150 atm. 
when carbon monoxide and methyl alcohol were led through phosphoric acid at 320— 
340°. A typical product consisted of a light-yellow oil (7%) and a colourless upper layer 
which contained acetic acid (1%), methyl acetate (7%), dimethyl ether (5%), methyl 
alcohol (34%), and water. With a view to increase the proportion of free acetic acid and 
maintain approximately constant the state of hydration of the catalyst, subsequent 
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experiments were carried out in presence of steam, added in the form of aqueous methyl 
alcohol. By using 80% methyl alcohol, a similar product resulted, which contained much 
less dimethyl ether (1%) and methyl acetate (ca. 0-5%), a similar amount of oil (7-5%), 
7% of acetic acid, and 27% of methylalcohol. With an addition of 2% of copper phosphate 
to the catalyst, the product differed in that oil was no longer present : it contained acetic 
acid (5-8%), dimethyl ether (1-3%), methyl alcohol (33%), and a considerable amount of 
methyl acetate (13-5%). The striking fact emerges, therefore, that addition of copper 
phosphate to the phosphoric acid catalyst not only promotes production of methyl acetate 
but definitely suppresses oil formation. Further, inasmuch as no enhanced promoting 
action was observed by a five-fold increase of copper phosphate, suppression of oil form- 
ation and promotion of methyl acetate are interdependent, and both oil and acetate have 
a common precursor. 

The oil formed in absence of copper consisted of hydrocarbons (C, 87-8; H, 10-4%) 
of high b. p. (< 240°) and contained hexamethylbenzene. Le Bel and Greene (Comft. 
vend., 1878, 87, 260), who obtained a similar oil on passing methyl alcohol over heated 
zinc chloride, suggested that this alcohol was successively dehydrated to dimethyl ether 
and then to methylene: 2CH,-OH —-> CH,°O-CH,; —-> 2:CH,, part of which decomposed 
into its elements while the remainder was converted into complex hydrocarbons by poly- 
merisation with accompanying dehydrogenation. If this hypothesis be adopted, it is 
only necessary to suppose that copper phosphate is a catalyst for the reaction ‘CH, + CO = 
CH,-:CO, in order to explain production of oil, its disappearance in presence of copper 
phosphate, and the formation of acetic acid and methyl acetate: CH,:CO + H,O = 
CH,°CO,H ; CH,:CO + MeOH = CH,’CO,Me. 

After use, catalysts always contained considerable amounts of carbon which could 
have been formed both by decomposition of methylene and by the reaction 2CO —> CO, 
-+- C, which definitely occurred on the walls of the preceding preheater. Quantitative 
experiments showed that, on using phosphoric acid containing copper phosphate as 
catalyst, it was possible by including this free carbon to account substantially for the 
initial methyl alcohol. The residual carbon monoxide was but little contaminated with 
gaseous products, which included small amounts of carbon dioxide and methane. 

Experiment showed that yields of free and combined acetic acid varied considerably 
with alteration in operating conditions, and since data were required for conditions 
approaching the optimum for the apparatus, it was necessary to investigate the effect 
of each of the various factors. To simplify this problem, 80°, methyl alcohol and the 
same catalyst, viz., 87% phosphoric acid containing 2% of copper phosphate, were used 
throughout these experiments. In Fig. 1 is shown the influence of catalyst temperature 
upon yields of free (Curves 1 and 4), combined (2 and 5), and total (3 and 6) acetic acid in 
two experiments under widely differing conditions. An optimum temperature of 330— 
340° is indicated. Three series of experiments were then carried out in which pressure, 
rate of gas circulation, and amount of catalyst were each varied in turn, and yields of 
free and total acetic acid were determined for various rates of vaporisation of aqueous 
methyl alcohol. Since it was impossible to measure rate of vaporisation, rate of collection 
of product was substituted as a first approximation. The results are shown in Figs. 2, 3, 
and 4, in which percentage of acetic acid is plotted against rate of collection of product. 
The curves so obtained are fairly characteristic of the operating conditions, and serve 
excellently for purposes of comparison. It is seen that conversion of methyl alcohol 
into acetic acid is favoured by increase in (1) pressure, (2) rate of gas circulation, and 
(3) amount of catalyst. With these three factors increased to the limits set by the 
apparatus, experiments were then made at a catalyst temperature of 330° in order to test 
efficiency of catalyst over a considerable period. Results are shown in Table I for a two- 


TABLE I. 


Time, hours 

Free acetic acid, % 
Combined acetic acid, % 
Total acetic acid, % 
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day experiment, during which the catalyst was allowed to cool over-night after use for 
six hours. Efficiency of catalyst steadily increased during the first 3 hours, and then 
remained fairly constant, excepting at the commencement of the second day when the 
observed decrease may well be attributable to interruption. 


Fic. 1. 
Effect of temperature of catalyst on yield of acetic acid. 
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Finally, using the optimum conditions for the apparatus, quantitative experiments 
were carried out, in one of which 1-6 kg. of acetic acid (free and combined) were produced 
in 14 hours by using as catalyst a mixture of 700 g. of 87% phosphoric acid and 14 g. 
of copper phosphate. Methyl alcohol passing through the catalyst was accounted for 
as follows: converted into acetic acid, 44-9; converted into dimethyl ether, 9-5; con- 
verted into free carbon, 4-8; unchanged, 35-8; loss, 5-0%. There can be little doubt that 
dimethyl ether is an intermediate, since its concentration in the circulatory gases was 
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always low (ca. 1%) and its total amount decreased if the product were withdrawn from 
the high-pressure receiver at longer intervals, the percentage of acetic acid being simul- 
taneously increased. Neglecting, therefore, formation of dimethyl ether, the yield of 
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Effect of rate of circulation. 
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acetic acid calculated on methyl alcohol consumed was 82%, i.¢., 44-9 x 100/(44-9 + 
4-8 + 5-0). In the above experiment, the rate of circulation was 40 1. of compressed gas 
per hour. Hence, during 14 hours, 5000 moles of carbon monoxide were passed through 
the catalyst in producing 26-5 moles of acetic acid, i.e., the conversion of carbon monoxide 
per passage was 0:5%. This figure is probably governed by efficiency of contact with 
the catalyst and not by the equilibrium for the reaction. 
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EXPERIMENTAL. 


Apparatus.—The high-pressure circulatory apparatus, shown diagrammatically in Fig. 5, 
consisted of the first preheater P,, vaporiser V, the second preheater P,, reaction vessel A, 
condenser C, high-pressure product receiver R,, and circulating pump O; P,, P;, and V were 
electrically heated, and A gas-heated. Methyl alcohol was introduced into V under working 
conditions by manipulation of the hand-pump P, together with suitable operation of valves 
T, and T,. The liquid level in V was adjusted by cautiously opening valve T; until liquid 
ceased to escape through a sight glass on the low-pressure side. Internal arrangements of A 
are shown to scale in Fig. 6; Q is a loose-fitting silica liner in which the catalyst was placed, 
I a silver inlet tube, S a silver-sheathed thermocouple pocket, and E the exit. P, was of large 
capacity in order to trap the catalyst should suck-back occur. The product was withdrawn 


Fie. 5. Fic. 6. 
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from R, into a low-pressure receiver R, by opening the valve T,, whereupon gases liberated 
from solution escaped through the low-pressure waste pipe W. In quantitative experiments, 
large glass absorption tubes containing sulphuric acid were connected to W in order to collect 
dimethyl ether. Speed of circulation was adjusted by means of the circulator by-pass valve, T,, 
while pressure was maintained by opening valve T,, which communicated with high-pressure 
carbon monoxide storage. 

Materials ——The carbon monoxide was prepared by the action of concentrated sulphuric 
acid on 80% formic acid, and was at least 99-5% pure. B.P. Phosphoric acid (d 1-75) was used. 

Qualitative Examination of Products.—Products were neutralised with sodium carbonate and 
distilled, dimethyl ether (b. p. —23°), methyl acetate—-methyl alcohol azeotrope (b. p. 54°), 
and methyl alcohol being obtained. Traces of methyl formate were present, since the first 
runnings reduced ammoniacal silver oxide solution. The azeotropic mixture was shaken 
with a saturated solution of calcium chloride, dried over calcium chloride, and left in contact 
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with metallic sodium for several days. Distillation gave methyl acetate (b. p. 57-2°), which 
was further identified by conversion into p-phenylphenacyl acetate, m. p. and mixed m. p. 
108-5°. The aqueous residue from the distillation was evaporated to dryness, and distilled 
from concentrated sulphuric acid, whereby acetic acid was isolated. After redistillation from 
sulphuric acid, glacial acetic acid was obtained. It was converted into p-phenylphenacy] 
acetate, m. p. and mixed m. p. 108-5°. 

The upper layer of oil-containing products was similarly treated, whereas the lower was 
shaken with water and dried over sodium sulphate. On distillation, a colourless oil (b. p. 
240—270°) was obtained which partially crystallised in the condenser. The crystals were 
pressed on porous tile, and after crystallisation from alcohol melted at 159—160° (Found : 
C, 88-1; H, 11-3; M, 160, 166. Calc. for C,,H,,: C, 88-8; H, 11-2%; M, 162), mixed m. p. 
with authentic hexamethylbenzene (kindly supplied by Mrs. K. Lonsdale, of the Royal Institution) 
159—162°; picrate, m. p. 170°. 

Quantitative Examination of Products—Acetic acid and methyl acetate were determined by 
titration, followed by quantitative saponification with N/2-methyl-alcoholic potash. Dimethyl 
ether and methyl alcohol were estimated by carefully hydrolysing the ester with concentrated 
caustic soda solution, the ether evolved being collected in sulphuric acid. Methyl alcohol was 
then recovered by distillation, and determined by means of the specific gravity. 

Experimental Conditions.—The results shown in Figs. 1—4 and in Table I were obtained in 
experiments under conditions given in Table II. 


TABLE II. 
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293. The Solubilities of Metal and Ammonium Salts of Various 
Organic Acids in Methyl Alcohol and Acetone. 


By HERBERT HENSTOCK. 


Tue literature records the solubilities of a number of the salts of organic acids in ethyl alcohol 
and few or none of those in methyl alcohol or acetone. 

The methyl alcohol was purified by first removing acetone by Menzies’ method (J., 1922, 
121, 2790); aldehyde was abstracted by treatment with iodine (Castelli and Henri, Bull. Soc. 
Chim. biol., 1924, 6, 299), and distillation with concentrated sulphuric acid then removed basic 
substances as well as most of the water (Carlton, J. Amer. Chem. Soc., 1922, 44, 1471). Acid 
substances were removed by distillation from caustic potash, and the alcohol was finally 
distilled over metallic sodium; b. p. 66°/758 mm. The acetone was purified by way of its 
sodium iodide compound (Shipsey and Werner, J., 1913, 103, 1255), dried over calcium chloride, 
and redistilled; b. p. 56-2°/759 mm. 
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Grams of salt in 100 g. of solvent. 


Methyl alcohol, 
‘ A —, Acetone 
at 15°. at b. p. of solution. at 15°. 
Li acetate 30°37 32°47 at 67°2° 4 
», benzoate 20°52 19-71 67:0 pe 
3°52 3°68 66°6 *» 
16°00 16°55 67°7 0°05 
propionate 13°28 13°77 68-0 i 
n-butyrate * 15°31 20°70 68-2 0°14 
succinate 0-72 1-80 66°6 t 
benzoate 8°22 7°55 66-2 a 
salicylate * 26°28 34°73 67:2 a 
benzenesulphonate 6°51 8:00 66°6 ~ 
naphthalenesulphonate 1:37 , 65°8 
potassium tartrate 4 } 66-0 
», cyanide 6°44 ; 67°4 
K acetate * 24°24 
»» propionate * 39-00 
+» n-butyrate * 51:04 
», succinate 3°16 
», benzoate 7:07 
», benzenesulphonate * 2°67 
,», ferrocyanide 4 
9 ferricyanide ” 
,», tetroxalate 2:07 
» hydrogen tartrate r) 
,, ethyl sulphate * 1-72 
NH, acetate * 7°89 
» benzoate * 6°39 
» salicylate * 71°55 
» succinate 1°62 
» ferrous oxalate 0°47 
» ferric oxalate 0°42 
Ca formate 
», acetate * 
»» propionate * 
», lactate 
», Oleate 
», benzoate * 
Sr acetate 
Ba acetate 
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Ni benzoate 
Al stearate 4 0°88 
», Oleate 2°49 0°39 
The salts were either purchased as the purest obtainable or were prepared from pure materials. 
If possible, they were recrystallised twice from either water or methanol and heated at 100° for 
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4 hours; the less soluble ones were washed alternately with each of the above boiling liquids 
and then dried. Those which decompose at 100°, ¢.g., ammonium salts and cyanides, were 
dried, after purification, at 50° for 4 hours; those forming hydrates were heated at 110°. Each 
salt was analysed by a suitable method. 

The apparatus used for the measurements at 15° was similar to that described by Bronsted 
and Petersen (J. Amer. Chem. Soc., 1921, 48, 2265) ; it was immersed in a thermostat registering 
to within + 0-1°. At boiling temperature, the solutions were made in a wide flask under 
reflux. Difficulty was experienced with some salts owing to unavoidable bumping of the 
liquid. To determine the quantities of solutes, portions of the saturated solutions were weighed 
at 15° in a graduated pipette of the type used by Chattaway and Lambert (J., 1915, 107, 1766) ; 
to separate undissolved salt, a filter thimble was introduced into the solution (Ward, Analyst, 
1919, 44, 137). Where crystallisation occurred on cooling, the pipette was reheated till solution 
was attained, the contents being discharged into a weighing bottle, the pipette washed with 
the boiling solvent, and the residue weighed after evaporation of solvent; thus the weights of 
solute and solvent were both obtained. 

To ensure that all residues were alcohol-free, each was heated at 100° for an hour, except 
those salts mentioned above, which were heated at 50° for 2 hours. (Certain salts, see below, 
contained alcohol of crystallisation.) The mean of three determinations with each salt is 
recorded in the table; results which diverged more than 1% from the mean of the actual 
weights obtained were discarded. An asterisk indicates that the salt may be recrystallised 
from boiling methanol; i = insoluble. 

With the exception of the following (for which solubilities are given in g./100 g. of solvent 
at 15°), all were insoluble in benzene: Mercury benzoate 2-49, zinc benzoate 4-20, calcium 
oleate 3-44, aluminium oleate 0-58, aluminium stearate 0-18. The following were insoluble 
in all three solvents: Silver acetate and benzoate, aluminium acetate and benzoate, bismuth 
salicylate, lithium urate, and, with the exception of those already mentioned, all oxalates, 
tartrates, and citrates. 

The accuracy of the method was tested by means of those salts crystallisable from hot 
methanol, in which saturated solutions were made and kept for 24 hours at 15°, to complete 
crystallisation. Samples of the mother-liquor were taken in the pipette and treated as above; 
figures almost identical with those given for 15° in the table resulted. Five salts were further 
examined : Potassium acetate gives extremely hygroscopic crystals of an alcoholate (Found : 
loss on heating at 100° for 30 mins., 26-27. CH,*CO,K,CH,°OH requires CH,O, 24-61%); 
the alcoholate of calcium benzoate forms non-hygroscopic crystals [Found: loss, 10-00. 
(C,H,*°CO,),Ca,CH,°OH requires CH,O, 10-19%]; magnesium benzoate trialcoholaie also forms 
non-hygroscopic needles [Found: loss, 26-06. (C,H,*CO,).Mg,3CH,°OH requires 3CH,0, 
26-51%]; calcium propionate alcoholate, non-hygroscopic prisms [Found: loss, 14-68. 
(C,H,°CO,),Ca,CH,°OH requires CH,O, 14-68%]; ammonium benzoate, non-hygroscopic di- 
tetragonal prisms [Found: loss at 70° during 30 mins., 25-28. C,H,*CO,NH,,1}CH,°OH 
requires loss, 25-66%). 

A consideration of these results reveals certain regularities and irregularities. For instance, 
the salts of di- and tri-basic acids are practically insoluble in methanol, i.e., the more oxygen 
contained in the molecule the less is the solubility, being the opposite condition to that with 
respect to water as a solvent. An exception to this is the greater solubility of the salicylates 
over the benzoates, a fact which is partly attributable to the hydroxyl group of the former; 
on the other hand, the hydroxyl groups of tartrates and citrates do not operate in this way. 
Also, in general, the higher the atomic weight of the metal the less is the solubility of its salts 
in methanol, although striking exceptions are lead acetate and mercuric acetate and cyanide. 
The solubilities of most sodium salts are below those of potassium, yet the latter crystallise 
more readily; in fact, it was possible by this means to effect an almost complete separation 
of the benzenesulphonates of the two metals. 

A few salts seemed to be anomalous, and two were taken for more particular investigation ; 
their solubilities between 15° and 65° are depicted in Fig. 1, where the temperatures are plotted 
against g. of salt per 100 g. of solvent. The curve for calcium lactate in methanol solution 
rises fairly regularly up to 55°, where it breaks a little and rises less steeply to 65°. At 55° a 
definite solvate was found ; the lowering of solubility is due to this solvate and not to any formed 
below 55°. On driving off the excess methanol at 50° from the solution of this solvate, 
it was left as a colourless, crystalline solid, and after further heating at 110° an amorphous 
mass of anhydrous calcium lactate remained [Found: loss, 44-51. (C,H,O,),Ca,5$CH,°OH 
requires loss, 44-44%]. 





Clemo: 6-Santonin. 1343 


The solubility of ammonium salicylate in acetone, after rising sharply to 124 g. at 25°, 
drops as suddenly to 28-8 g. at 35°. No definite solvate was found, but the solution became 
dark orange-red in colour and, after excess acetone was evaporated at 60°, the substance, on 
cooling, solidified to a dark red crystalline solid. There is no doubt that this is a different 
substance from the original salt, for it is almost insoluble in water, whereas sodium salicylate 
is very soluble; also, if it is heated at 100° for 20 minutes, it melts, gives off ammonia, and 
does not reform crystals but becomes resinous; such properties are not those of the original 
salt. From 35° to 65° the solubility again rises; this part of the curve is due chiefly to the 
solubility of the red substance. This substance is probably a compound of the salt with acetone 
and not a solvate; the colour suggests a quinonoid structure. On heating, ammonium sali- 
cylate easily loses ammonia, and forms a compound, CH,*CO*CH,*CMe,*NH°CMe,"NH,, with 
acetone (Patterson and McMillan, J., 1921, 119, 269). At the same time, it is possible 
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1. Calcium lactate in methyl alcohol. Solubility of potassium ethyl sulphate in 

2. Ammonium salicylate in acetone. methyl alcohol and acetone. 
that the hydroxyl group of the salicylate may also react, since Berl and Schwebel (Z. angew. 
Chem., 1922, 35, 189; 1921, 34, 278 et seq.), from vapour-tension measurements, conclude that 
molecular compounds of cresols and acetone are formed. 

Inattempts to precipitate some of the salts from methanol solution by the addition of acetone, 
it was found that potassium ethyl sulphate acted abnormally ; its solubility at 20° in the mixed 
solvents is plotted in Fig. 2. Although the salt is insoluble in acetone, the curve rises with 
increasing acetone content up to 30%, and then falls regularly to 100% acetone. No distinct 
solvate or compound was isolated by the evaporation of solvent or other simple means, though 
it is probable that a solvate is responsible for the rise. Marden and Dover (J. Amer. Chem. Soc., 
1916, 38, 1235; 1917, 39, 1) describe the solubilities of acetanilide in benzene—acetone mixtures, 
and find a similar rise from 0 to 10% acetone, but they are unable to account for it except by 
the postulation of unstable solvates. Since one such undoubted solvate of calcium lactate 
has now been isolated, it seems probable that their conception is the correct one. 
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294. B-Santonin. 
By GEoRGE R. CLEMo. 


ALTHOUGH 16 stereoisomeric forms of santonin (I) are possible, only one, the naturally 
occurring /-santonin, appears to have been hitherto described. Some time ago, however, 
Messrs. T. & H. Smith kindly sent the author a quantity of a compound isolated from 
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particular samples of Artemisia obtained from the N.W. Frontier of India. The compound 
was shown by analysis to be C,;H,,03, and whilst differing in m. p. and rotation from san- 
tonin, nevertheless resembled it very closely in its colour reactions. Further, Artemisias 
collected from other districts had been found to contain a small amount of this new com- 
pound in the mother-liquors after the separation of santonin. 

It is now shown that the compound is a stereoisomeride of santonin, and it is therefore 
called 8-sanionin. It contains a carbonyl group, as indicated by the formation of an oxime, 
and two double bonds reducible by palladised charcoal and hydrogen. Of the four possible 
letrahydro-compounds, two have been obtained pure by using acetic acid as solvent in the 
reduction, but only one of these results when ethyl alcohol is used. The carbonyl group 
of both tetrahydro-compounds is reduced by the Clemmensen method to give one and the 
same deoxytetrahydro-compound, which is dehydrogenated smoothly by selenium to 
1-methyl-7-ethylnaphthalene. 

When £-santonin is treated with dilute sulphuric acid, it is transformed into the phenolic 
l-desmotropo-B-santonin (IT) (cf. santonin, Ber., 1898, 31, 3131), m. p. 253°, acetyl derivative, 
m. p. 156—157°, depressed to 130—140° by admixture with acetyl-/-desmotroposantonin 
(m. p. 156—157°). It is somewhat remarkable that santonin and hydrochloric acid give a 
d-desmotroposantonin, but $-santonin gives again the above /-desmotropo-B-santonin. On 
reduction with zinc and dilute acetic acid this gives a d-f-santonous acid om m. p. 174°, 


ue 9 CO-OH 
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H Me C e CH, 
(I.) (II.) ~ ) 


depressed to 160—165° by admixture with d-santonous acid (m.p. 176—177°). When 
d-santonous acid is heated with barium hydroxide, a mixture of r-santonous acid and 
1 : 4-dimethyl-8-naphthol is obtained, but the above isomeric 8-acid when similarly treated 
gives a d-8-santonous acid, m. p. 153°, depressed to 140—145° by admixture with r-santonous 
acid (m. p. 153°), together with the above dimethylnaphthol. 

The results are bound up with the involved stereochemistry of the systems (I) and (II), 
and the production of the d-desmotroposantonin by hydrochloric acid must arise from an 
alteration at one or more of the three remaining asymmetric centres at Cg g 4; as well as 
the destruction of the asymmetry at Cy». In view of the conversion of desmotropo-com- 
pounds by reduction into santonous acids of opposite sign, it may be that only C,, and not 
C, and C,,, is involved in the above change. A model of (II) shows that the tetrahydro- 
ring is more rigid than the normal fully reduced one, and also that the lactone ring can 
only be fused on in the two cis-positions and not in the ¢rans- to give a strainless system. 
Further, steric reasons indicate that one of the cis-forms might be expected to be more 
resistant to attack, and this might account for the failure to racemise the above d-{- 
santonous acid at C,. 

Eventually, however, contact was established between santonin and §-santonin as 
follows. When /-desmotropo--santonin is fused with potash, it is converted into J/-isodes- 
motropo-B-santonin, identical with /-desmotroposantonin, and on reduction it gives a d-form 
of santonous acid identical in all respects with the d-santonous acid from santonin. 


._ _H,SO, HOA, 
6-Santonin a l-desmotropo-B-santonin oe d-B-santonous acid 
or 


[xox 


_H,SO, /|-isodesmotropo-B-santonin\ 22+HOAc , : 
Santonin — 





. Zn+HOAc : 
reel d-desmotroposantonin ————> /-santonous acid. 
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EXPERIMENTAL. 


8-Santonin.—The compound is sparingly soluble in and crystallises from ethyl alcohol in 
stout colourless prisms, m. p. 216—218°; [a]jf* — 137-2° (¢c = 5 in chloroform) (Found: C, 
73-1; H, 7-4. C,;H,,O, requires C, 73-2; H, 7-3%). It turns yellow slowly in the light, gives 
no colour with concentrated sulphuric acid, but a light carmine with alcoholic potassium 
hydroxide. The oxime was obtained as stout colourless prisms, m. p. 224°, from alcohol (Found : 
C, 69-1; H, 7-7. C,;H,,0O,N requires C, 69-0; H, 7-3%). 

Tetrahydro-B-santonins-a and -b.—f-Santonin (6 g.) was dissolved in acetic acid (80 c.c.), 
palladised charcoal (0-2 g.) added, and the mixture well stirred for 8 hours in an atmosphere of 
hydrogen. Further catalyst (0-2 g.) was added, the stirring continued for 4 hours, and the 
filtrate evaporated to 10 c.c.; on standing over-night in the refrigerator, 1-55 g. of stout prisms 
separated, m. p. 195—200°. Recrystallisation from ethyl acetate, in which the compound is 
almost insoluble in the cold, gave colourless prisms of tetrahydro-B-santonin-a, m. p. 207—208° 
(Found : C, 72-4; H,9-2. C,,H,,0, requires C, 72-0; H, 8-8%). The compound is very slightly 
soluble in boiling water and sparingly so in most organic solvents. When the filtrate from the 
1-55 g. was evaporated, and the residue dissolved in alcohol (2 c.c.) and left over-night, 1-85 g. of 
prisms separated, m. p. 80—110°. These were powdered, extracted thrice with boiling light 
petroleum (b. p. 60—80°), and the residue crystallised first from light petroleum (b. p. 80—100°) 
and then from alcohol, whereupon stout prisms of the tetrahydro-B-santonin-b separated, m. p. 
125—126° (Found : C, 72-1; H, 8-6%). When £-santonin (5 g.) was dissolved in boiling alcohol 
(100 c.c.) containing palladised charcoal (0-4 g.) and treated with a current of hydrogen for 
8 hours, followed by a further 4 hours after addition of more catalyst, 3-4 g. of crystalline solid 
separated from the filtrate after it had been evaporated to 2 c.c. and left in the refrigerator. 
The addition of water to the residual filtrate gave only an oil. The 3-4 g. of solid, which was 
easily soluble in cold ethyl acetate and so probably free from the a form, were powdered and 
extracted twice with boiling light petroleum (50 c.c., b. p. 60—80°), leaving 2 g. ‘undissolved, 
m. p. 118—122°. This was crystallised from light petroleum (b. p. 80—100°), giving 1-9 g. of 
prisms, m. p. 120—123°, raised to 125—-126° by two further crystallisations from alcohol. The 
extract deposited 0-72 g. of crystalline solid, m. p. 90—105°, but only the above a- and b-forms 
have yet been obtained pure. 

Deoxytetrahydro-B-santonin.—The a compound above (0-75 g.), amalgamated zinc (7-5 g.), 
and concentrated hydrochloric acid (12 c.c.) were left for 2 hours and heated under reflux for 
18 hours. A further 3 c.c. of hydrochloric acid were added, and the heating continued for 6 
hours. The oily liquid suspension was decanted from the zinc residues, and the solid obtained on 
cooling was collected, pressed on porous plate, and crystallised from light petroleum (2 c.c., b. p. 
40—50°) in a refrigerator; stout colourless prisms were obtained, m. p. 70—71°, raised to 75—76° 
by recrystallisation from the same solvent (Found: C, 75-5; H, 10-1. C,;H.,O, requires 
C, 76-3; H, 102%). Tetrahydro-f-santonin-b on similar reduction gave a good yield of the 
same deoxy-compound, but when the unseparated mixture of tetrahydro-compounds, m, p. 
90—105°, was used, only a poor yield of the deoxy-compound, m. p. 75°, resulted, together with 
much oil. 

Dehydrogenation of Deoxytetrahydro-B-santonin.—The compound (1-05 g.) and selenium 
(1-5 g.) were heated at 280—340° for 48 hours in a glass bulb fused to a 6-ft. air condenser. 
On extraction with light petroleum (b. p. 60—80°) and distillation over sodium, 0-46 g. of oil was 
obtained, b. p. 95—105°/1 mm. A redistillation over sodium gave 0-34 g., b. p. 95°/1 mm., 
whose picrate formed orange needles, m. p. 92°, from alcohol, raised to 96° by one recrystallis- 
ation and not depressed by admixture with an authentic specimen of 1-methyl-7-ethylnaphthalene 
picrate (m. p. 96°). 

l-desmotropo-8-Santonin from B-Santonin.—(1) Powdered B-santonin (1-5 g.) was added to a 
cold mixture of concentrated sulphuric acid (15 c.c.) and water (22-5 c.c.) and heated in a water- 
bath at 50° for 20 hours. The mixture was diluted and filtered, the resulting solid extracted with 
dilute aqueous sodium hydroxide, and the akaline solution acidified. The solid was crystallised 
from alcohol, in which it is much less soluble than the corresponding santonin derivative, and 
gave long colourless prisms, 1-25 g., m. p. 253°; [a]?° — 101-7° (c = 0-30 in ethyl acetate) 
(Found : C, 73-2; H, 7-45. C,,H,,O,; requires C, 73-2; H, 7-3%). The acetyl derivative formed 
long lustrous prisms from alcohol, m. p. 156—157° (Found : C, 70-5; H, 7-0. C,;H,9O, requires 
C, 70-8; H, 6-9%). 

(2) Powdered 8-santonin (1-5 g.) and fuming hydrochloric acid (9 c.c.) were sealed in a glass 
tube and quickly gave a solution on shaking. This was heated for 45 hours at 30°, and the 
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resulting crystalline solid collected, washed with hydrochloric acid and then with water. On 
extraction with dilute sodium hydroxide solution, all but 0-15 g. dissolved, and the same /- 
desmotropo-B-santonin as above was obtained, 0-65 g. (Found: C, 73-1; H, 7-4%). This 
compound also results when the reactants are left at room temperature or for 2 weeks in a 
refrigerator. 

1-isodesmotropo-f-Santonin.—l-desmotropo-8-Santonin (1 g.), potassium hydroxide, and 
water (1 g.) were heated in a test-tube with an air condenser in a metal-bath at 210° for an 
hour, so that at the end all the water had distilled off. The solid was dissolved in water, the 
boiling solution acidified, and the collected precipitate crystallised from alcohol, giving 0-7 g. 
of colourless prisms, m. p. 194°, not depressed by admixture with /-desmotroposantonin (m. p. 
194°); [a]#” — 136-8° (c = 0-9 in ethyl acetate) (Found : C, 73-4; H, 7-5%). 

d-B-Santonous Acid.—l-desmotropo-B-Santonin (4-5 g.) was refluxed for 6 hours with zinc 
dust (20 g.) and glacial acetic acid (112 c.c.) diluted with water (48 c.c.). The filtrate was 
evaporated to dryness, the solid crystallised from dilute alcohol (1:2) and a few drops of 
hydrochloric acid, and 4-1 g. of colourless prisms obtained, m. p. 174°, depressed to 160° by 
admixture with d-santonous acid; [«]}?” + 54-9° (c = 1-0 in alcohol) (Found: C, 72-5; H, 8-3. 
C,5H»O, requires C, 72-6; H, 8-0%). This acid is unchanged by fusion with potassium 
hydroxide as above for 10 minutes. 

Heating with barium hydroxide. d-B-Santonous acid (0-5 g.) was well mixed with barium 
hydroxide (1-5 g.) and heated during } hour in a test-tube in a metal-bath at 360° with frequent 
stirring. A stiff paste resulted, although much less readily than with d-santonous acid, which 
forms a melt at 330°. It was extracted with boiling water, carbon dioxide passed into the 
filtrate, and the resulting precipitate (A) collected. The filtrate was acidified with hydrochloric 
acid, and the solvent removed from the dried ethereal extract, leaving 0-2 g. of acid. This 
solidified on extraction with a small volume of light petroleum, and when crystallised from dilute 
alcohol (1: 2) gave colourless prisms, m. p. 152°, depressed to 140—145° by admixture with 
y-santonous acid (m. p. 152°); [«]>” + 60-9° (c = 0-6 in alcohol) (Found: C, 72-8; H, 83%). 
Fusion with potassium hydroxide for 10 minutes raised the rotation to + 64-2°. The precipitate 
(A) was extracted with dilute sodium hydroxide solution, and the filtrate acidified, extracted 
with ether, and distilled under 1 mm., giving 0-2 g. of solid, which crystallised from dilute alcohol 
in long colourless prisms, m. p. 134°, not depressed by admixture with 1 : 4-dimethyl-8-naphthol 
(m. p. 184—135°) as made similarly from santonin (Found : C, 83°3; H, 7-1. Calc. for C,,H,,0: 
C, 83-7; H, 6-9%). 

The Santonous Acid from |-isodesmotropo-8-Santonin.—l-isodesmotropo-B-Santonin (0-75 g.) 
was reduced with zinc dust as above and gave 0-5 g. of colourless prisms after two crystallisations 
from dilute alcohol (1:2), m. p.177—178°, depressed to 160° by d-8-santonous acid, but unchanged 
by admixture with d-santonous acid (m. p. 179°); [«]f” ++ 75° (c = 2-47 in alcohol) (Found: 
C, 72-95; H, 8-0%). The ethyl ester formed long colourless prisms from light petroleum, m. p. 
117°, not depressed by admixture with ethyl d-santonite from santonin, and had [a]}” + 75° 
(c = 1-0 in ethyl alcohol). 


Thanks are due to Dr. R. Raper for rotation measurements and to Mr. O. Telfer for 
micro-analyses. 
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295. The Preparation and Properties of Disulphur Decafluoride. 
By KENNETH G. DENBIGH and ROBERT WHYTLAW-GRAY. 


The Fluorides of Sulphur.—Sulphur hexafluoride was first prepared by Moissan and Lebeau 
(Ann. Chim. Phys., 1902, 26, 145) and found to be highly stable, being unattacked by 
potassium hydroxide solution and decomposed by sodium only at the boiling point. 
Prideaux (J., 1906, 89, 316), Klemm and Henckel (Z. anorg. Chem., 1932, 207, 73), and 
Schumb and Gamble (J. Amer. Chem. Soc., 1930, 52, 4302) have measured most of its 
physical properties. Pauling and Brockway (Proc. Nat. Acad. Sci., 1933, 19, 68), from 
electron-diffraction experiments, found that the fluorine atoms lie at the corners of a regular 
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octahedron, and their results also suggest that the gas has an ionic structure. Watson, 
Rao, and Ramaswamy (Proc. Roy. Soc., 1934, 148, A, 558) measured its dielectric constant, 
and found that it has no moment; also, on samples supplied by us, the coefficient of 
gaseous expansion (Coppock and Whytlaw-Gray, Proc. Roy. Soc., 1934, 148, A, 487) and 
the parachor (Pearson and Robinson, J., 1933, 1427) have been measured. 

Ruff (Z. anorg. Chem., 1911, 72, 63, 329) found evidence for formation of another 
fluoride of sulphur when metallic fluorides were heated with sulphur; and Centnerszwer 
and Strenck (Ber., 1923, 56, 2249; 1925, 58, 914) examined the gas obtained by heating 
silver fluoride with sulphur and stated that it has the formula S,F, and is absorbed by 
potash solution. Fischer and Jaenckner (Z. angew. Chem., 1929, 42, 810) have similarly 
heated cobalt fluoride with sulphur, and state that the gas formed has the formula SF, 
and is also absorbed by potash solution. 

Two oxyfluorides of sulphur, SOF, and SO,F,, have also been described by Moissan 
and Lebeau (loc. cit.). 

We recently had occasion to prepare a large quantity of sulphur hexafluoride by passing 
fluorine over sulphur, and we examined the products, the chief result being the isolation of 
disulphur decafluoride. 

EXPERIMENTAL. 


The fluorine was prepared by electrolysing potassium hydrogen fluoride in a copper cell 
of modified design, using a graphite anode (Denbigh and Whytlaw-Gray, J. Soc. Chem. Ind., 
1934, 58, 138r); it was purified from hydrogen fluoride by passage first through a long tube 
packed with sodium fluoride, and then over highly pure sulphur contained in a copper tube. 
All air had been expelled from the apparatus with a current of nitrogen before the preparation 
was started. 

The sulphur fluorides were condensed in a liquid-air trap. Four products were obtained in 
the following order of decreasing volatility : 

(A) Sulphur hexafluoride, which sublimed out of the liquid-air trap and was not absorbed by 
concentrated potassium hydroxide solution. 

(B) A gas which volatilised from the Jiqguid state and was rapidly absorbed by potash 
solution (this gas had been observed but not investigated by Moissan and Lebeau); this was 
purified, and its vapour density determined (M, 102-6). It may be S,F, (M, 102) (cf. 
Centnerszwer and Strenck, Joc. cit.); its properties are similar to those described for the 
difluoride, except that our gas has a lower vapour pressure (b. p. ca. —50°). We believe that 
Centnerszwer’s product contained some very volatile impurity. 

(C) A very volatile liquid which remained in the trap after (A) and (B) had both volatilised 
off; it could be readily vaporised by warming with the hand and, like the hexafluoride, was not 
absorbed by potash solution. . 

(D) A residual oil which could not be vaporised by warming with the hand. 

Attention was directed to the gases not absorbed by alkali, i.e., the hexafluoride and (C). 
The mixture was stored in a gasometer over a strong caustic potash solution, dried, and 
fractionated into three parts, the vapour densities of which were measured on a microbalance. 

Fraction 1. The most volatile fraction had a molecular weight considerably below the 
value for the hexafluoride. A systematic examination showed this to be due to the presence 
of carbon tetrafluoride, a pure sample of which was isolated; this gas was evidently formed by 
attack of the graphite anode of the fluorine cell: its properties have been investigated by Ruff 
and Keim (Z. anorg. Chem., 1930, 192, 249). 

Fraction 2. The molecular weight of the middle fraction was slightly below the value for 
the hexafluoride. This may have been due to the higher homologues of carbon tetrafluoride 
(cf. Ruff and Keim, Joc. cit.). 

Fraction 3. The least volatile fraction had a molecular weight considerably above that of 
the hexafluoride; this might have been due to some new fluoride of sulphur or to carbon 
fluorides, or to both. A sample of this fraction was decomposed by heating with sodium, 
and free carbon was obtained; its quantity, however, did not appear commensurate with the 
quantity of the sample decomposed, and it appeared probable, therefore, that the volatile 
liquid, (C), whose vapour was contained in Fraction 3, did not consist entirely of carbon 
fluorides, but might contain some new sulphur fluoride. 

In order to prepare a pure specimen of sulphur hexafluoride, and to investigate whether 
(C) or (D) contained any new sulphur fluorides, it became necessary to get rid of the carbon 
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fluorides. Since there is a long series of these compounds, they could not be eliminated by 
fractionation, so their absence had to be ensured before the sulphur fluorides were formed. 
After unsuccessful attempts with anodes other than graphite, recourse was had to passage of 
the fluorine through a copper U-tube immersed in liquid oxygen (b. p. of fluorine, — 187°; 
oxygen, — 183°). By this procedure all the carbon fluorides were trapped with the exception 
of the tetrafluoride (b. p. — 130°), which was easily eliminated by subsequent fractionation 
(b. p. of SF, — 62°). 

A large quantity of sulphur fluorides was prepared by this method, and the product (D) was 
now absent, but (A), (B), and (C) were still obtained. As before, the gas was kept over 
potassium hydroxide solution for some time, the product (B) and any silicon fluorides being 
thereby removed. The two components of the unabsorbed gas, viz., the hexafluoride and (C), 
were separated by repeated fractionation. 

A sample of the hexafluoride was obtained in a highly pure state by drying, repeated fraction- 
ation, and by repeated passage over liquid sodium—potassium alloy. This gas had a molecular 
weight of 146-0 + 0-1 (calc., 146-06). We believe it to be the purest sample yet obtained; since 
no previous workers have eliminated carbon fluorides and many have not even displaced air 
from their apparatus, so that the possibility of the formation of oxyfluorides was not excluded. 

The other constituent, the vapour of the volatile liquid (C), was repeatedly fractionated, 
and finally obtained with M 260-2, unchanged by further fractionation. It appeared probable 
that this substance was disulphur decafluoride (M 254) (see Nature, 1933, 131, 763), and we 
therefore attempted to prepare it in larger quantities. 

Preparation of Disulphur Decafluoride.—Unsuccessful methods were (i) passage of the hexa- 
fluoride over heated catalysts ; (ii) modification in the proportion of sulphurand in the temperature 
in the original method. Somewhat better yields, however, were obtained by filling the reaction 
tube with plastic sulphur instead of with ordinary, rhombic sulphur; even this method gives 
only very small quantities of the substance: from about 20 1. of hexafluoride, about 0-1 c.c. of 
highly pure liquid (i.e., 20 c.c. of vapour) was obtained. This was used for measurement of 
all the physical properties, and about the same quantity of a slightly less pure sample was used 
for a study of the chemical properties. A further quantity of a highly pure sample was obtained 
for the analysis. The method of eliminating carbon fluorides, already described, was used in 
preparing these samples. 

Fractionation.—A special method of fractionation was evolved in order to minimise loss; 
this was carried out in two stages. The first stage consisted of a fractionation under 2 atm., 
the vapour-pressure curves of solid hexafluoride and of liquid decafluoride being found to be 
farther apart at this than at lower pressures. The apparatus (Fig. 1) consists of a vessel (a) 
and a manometer (b) connected to the gas train through the pressure tap (c). The lower part 
of (a) consists of a small bulb (d) connected to the main part through a narrow neck (e). The 
mixture of hexafluoride gas and decafluoride vapour was condensed in the upper part of (a), 
and the temperature allowed to rise slowly. The liquid ran down into the bulb and left the 
solid hexafluoride in the upper part of the vessel, where it sublimed slowly. When the pressure 
reached 2 atm., the tap was opened slightly to allow the gas to pass off, and fractionation was 
continued at this pressure till only the liquid remained. 

The latter was still by no means pure, since it contained much dissolved hexafluoride. It 
was, therefore, transferred to a small fractionating column (Fig. 2), of internal volume ca. 3 c.c. 
The liquid was condensed in the lowest bulb (},), and the vessel surrounding the four higher 
bulbs was filled with acetone and solid carbon dioxide. The liquid decafluoride was allowed to 
attain room temperature, so that it boiled rapidly and, condensing in the column, ran back 
into (b,) through the jet (j,). The hexafluoride did not condense, however, but passed off 
through the tap (é). 

The two stages of the above fractionation were both very efficient. The product obtained 
was sometimes not quite pure but needed one or two simple fractionations before it attained 
perfectly constant vapour pressure. 

Vapour Density —The sample thus obtained was divided into three portions by a further 
fractionation, and the vapour densities of these were measured on the microbalance (which 
balanced in pure dry air at 621-91 mm. at 18-5°). The balancing pressures of the three fractions 
at 17-8° were: most: volatile fraction, 68-93 mm.; middle fraction, 69-00 mm.; least volatile 
fraction, 68-60 mm. This agreement (to within 0-6%) means that the gas was homogeneous, 
and the liquid was therefore not a mixture (since the three fractionations had been carried out 
at different pressures, a constant-boiling mixture was also excluded). 

The molecular weight computed from the mean balancing pressure, 68-8 mm., is 259-5 (cf. 
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260-2, above, on a different sample). The excess above the calculated value (254) is due to 
the high adsorption on the microbalance, which was of the uncompensated type. 

Analysis.—The analysis was a matter of considerable difficulty, but four determinations 
were carried out. 

(1) A quantity of the vapour was decomposed by several hours’ sparking with hydrogen in 
a glass vessel coated internally with a thin layer of potassium hydroxide. Hydrogen fluoride 
and sulphide were formed and were absorbed by the potash, which became yellow, but the glass 
was not attacked. The apparatus was dismantled, washed out with water, and fluorine 
determined as lead chlorofluoride in one half of the solution, and sulphur as barium sulphate 
(after oxidation with sulphur-free ammoniacal hydrogen peroxide) in the other half (Found : 
S$:F = 1:4-91). 

Fic. 1. Fic. 2. Fic. 3. 
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(2) Decomposition was carried out as before, but the sulphur and fluorine were deter- 
mined by a different method. The solution was first oxidised with ammonia and perhydrol, 
silica removed by the method of Hoffman and Lundell (Bur. Stand. J. Res., 1929, 3, 581), and 
calcium fluoride precipitated and weighed, a little sodium chloride having been added previously 
to increase the solubility of calcium sulphate; finally, barium sulphate was precipitated and 
weighed (Found : S$: F = 1: 5-01). The whole method was first checked on a standard solution 
of sodium fluoride and sulphide and found to be satisfactory. 

(3) and (4) Decomposition was carried out in a different way: a small boat containing 
pieces of dry sodium was heated in the vapour of the liquid by means of a platinum coil, the 
leads being sealed through the glass containing vessel. The decomposition took place with 
great vigour at the m. p. of sodium, the whole of the gas burning with a brilliant incandescence 
in contact with the sodium vapour; reaction appeared to be complete within a few seconds. 
The mixture of sodium fluoride and sulphide was dissolved in water, and the solution divided 
into two parts, in both of which the sulphur and fluorine were estimated by the method in (2) 
[Found : S: F = (i) 1: 4-81; (ii) 1: 4-85). 

These results, in conjunction with the fractionation to constant vapour pressure and density, 
and the proof that the substance was not a constant-boiling mixture, establish beyond doubt 
that the compound was disulphur decafluoride. 

Whilst preparing the hexafluorides of selenium and tellurium, Yost and Claussen (J. Amer. 
Chem. Soc., 1933, 55, 885) obtained substances, which, from vapour-density measurements, 
they believed to be the octafluorides ; they may, however, have been impure samples of the deca- 
fluorides, analogous to our compound. Also, Watson, Rao, and Ramaswamy and Centnerszwer 
and Strenck (/occ. cit.) obtained traces of a volatile liquid which was probably our decafluoride. 
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Chemical Properties —At room temperatures, the compound is a colourless, very volatile 
liquid whose vapour has a smell resembling that of sulphur chloride or sulphur dioxide. It 
solidifies in liquid air to an opalescent solid which melts to a very mobile liquid. Owing to the 
small quantity available, only a few experiments were possible. 

The vapour is insoluble in and unattacked by water, and also practically unattacked by 
concentrated potassium hydroxide solution. It is, however, decomposed by the molten alkali, 
yielding potassium compounds of sulphur and fluorine. 

Ordinary tap greases were blackened by the vapour, with simultaneous deposition of sulphur 
on the glass. Mr. Bradley, of this Department, kindly lent us a grease composed of paraffin 
and paraffin wax, which was unattacked and has been used extensively in the research. 

To investigate the action of metals, small coils were electrically heated in about 1 c.c. of 
vapour contained in a silica bulb. Platinum was not attacked in the cold, but at a bright red 
heat it reacted, a pale yellow substance being deposited on the walls. Iron was blackened at a 
fairly low temperature, and at a bright red heat there was vigorous attack, with deposition of 
white clouds on the walls of the bulb. Copper was not attacked in the cold, but behaved 
similarly at a bright red heat, the deposit being pale yellow and the metal blackened. Mercury 
was also unattacked in the cold if pure, but at its b. p. there was ready reaction with formation 
of a black and a yellow substance. 

In these reactions with metals, the white or yellow deposits appear to be the slightly volatile 
metal fluorides mixed with free sulphur, and the black deposits were found to be metal 
sulphides, In every case, except with sodium (see p. 1349), a new gas was formed which was 
slightly soluble in potash solution. This may have been one of the lower fluorides of sulphur, 
but there was too little for identification. 

Silica was attacked by the gas at a red heat, and at a lower temperature in presence of sulphur, 
with production of silicon tetrafluoride and sulphur dioxide in each case; the latter reaction 
appears to be analogous to one which Moissan noted for the hexafluoride : 2SF, + S + 3Si0, = 
3SiF, + 3SO,; 2S,F,. +S + 5SiO, = 5SiF, + 5SO,. <A rough estimation showed that our 
reaction appeared to follow this equation. 

In general, the gas is much less inert than the hexafluoride. 

Vapour Pressure.—For a measurement of the vapour pressure, a simple mercury manometer 
connected to a bulb immersed in a cold bath was used. The bath consisted of acetone, contained 
in a high-quality vacuum vessel, the acetone having been cooled previously by pouring liquid 
air into the vessel. The bath was kept stirred by blowing in the cold air given off by a large 
quantity of evaporating liquid air. A special bubbler was used (Fig. 3), the cold air being 
blown in through the tube (a) and emerging through the jet (7). The acetone enters through 
the hole (c) and is lifted by the air stream to the top of the tube (d). The bath was extremely 
satisfactory, the rate of rise of temperature being only 0-5° in 20 minutes at — 50°. 

The temperature of the bath was measured by a vapour-pressure thermometer, liquid 
sulphur dioxide being contained in a bulb identical with, and touching, the bulb containing the 
liquid decafluoride. The measurements of Stock, Henning, and Kuss (Ber., 1921, 54, 1119) 
were used in computing the temperature. For temperatures above — 10° a highly accurate 
mercury thermometer was used. 

Two series of observations, A and B, were made, the gas being refractionated between them. 
The results are shown in the following table, the vapour pressure (p) of the decafluoride being 


Temp. p. Temp. p. Temp. p. Temp. p. Temp. p. 
Series A. 
—56:1° 7°78 —36°2° 31-7 —25°4° 64:7 —14-0° 1191 73° 322°5 
—48°2 14:3 —35°8 31°5 —20°1 90-2 — 76 163°6 12°8 416°0 
—416 22-2 —31'2 43°5 —186 93°4 03 235-0 14°4 434°3 
. Series B. 
—413  22°6 —244 66:3 —17'1 988 0-0 229°9 20°9 561°0 
—286 51°4 —21:3 767 —145 113-0 14:4 433-2 22°4 595°3 


given in terms of mm. of mercury at 0°. The experimental error in each measurement is 
about 1%. The graph results have been plotted as log,, p against 1/T (Fig. 4); practically 
all the points fall on the line, which has a very slight curvature. Both series conform to the 
same line, and the results with the vapour-pressure thermometer agree closely with those from 
the mercury thermometer. The line can be represented by the equation log,, = — 1530/T + 
7-95. A short extrapolation shows the b. p. to be 29° + 1°. The molecular latent heat of 
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vaporisation, calculated from the slope, is 7000 cals., and the Trouton constant (23-0) is 
normal; for the hexafluoride the respective values are 5640 cals. and 25-8. 

Melting Point.—The m. p. has been measured by Stock’s method (Ber., 1917, 50, 157), 
depending on the temperature at which a glass style slides through the melting solid. A 
calibrated pentane thermometer was used. The following five readings were taken: — 93-0°, 
— 91-3°, — 92-8°, — 90-8°, — 91-2°, and after refractionation two readings were — 91-7° and 
— 92-0°, the agreement showing that the substance, which had a constant vapour pressure and 
vapour density, had also a constant m. p. The mean of all seven values is — 92° + 1°. 

Liquid Density at 0°.—This constant was measured by condensing a known volume of the 
gas, from a carefully calibrated point burette, at a measured temperature and pressure, in a 
capillary tube (of 1 mm. bore, and accurately calibrated with mercury) immersed in melting 
ice. The volume of the liquid and the saturated vapour in the capillary were read, and after 
corrections for the deviation of the gas from Boyle’s law, a value for the liquid density was 
obtained. The condensation was carried out rapidly so that the mercury rose quickly inside 
the burette, thus preventing vapour adsorbed on the walls from being condensed. The 
following six values (g./c.c.) were obtained at 
0°: 2-05, 2-11, 2-07, 2-04, 2-07, 2-11; mean Fic. 4. 

2-08 + 0-03. Vapour pressure of S3F yo. 

Surface Tension at 0°.—The measurement 3-0,- 
of this property presented difficulty, since less ‘een « onan 
than 0-1 c.c. of liquid was available. A narrow, r . . 
flat-bottomed, glass tube containing to vertical . =% 7 54 Sarves a 
capillaries, slung from a blue glass hook, was r “RS \y A= Series B. 
finally used (Sugden, ‘The Parachor and ; y 
Valency”’). The capillaries were checked for ® 4 
circularity and a suitable difference in radii 
before being used. The tube containing the 
capillaries was immersed in an acetone—carbon 
dioxide bath, and the decafluoride vapour was F 
admitted through a tap. The bath was then : 
replaced by one of ice-water, contained in an ' 
unsilvered Dewar vessel. The meniscuses in r 
the two capillaries therefore fell slightly owing A 

« 


loSip P: 


to the rise in temperature. This method, there- 1-0 
fore, secured wetting of the glass capillaries by 
the liquid at the temperature of measurement. eee ee ee 

When temperature equilibrium had been 0-003 0-004 0-005 
attained, the difference in height of the menis- YT. 
cuses in the capillaries was measured with a microscope reading to 0-001 mm. The liquid was 
then allowed to evaporate, recondensed, and a fresh reading taken as before. After eight 
readings, the capillaries were taken out and cut at the points at which the meniscuses had 
been; their radii were measured in three directions : 

Tube 1. Mean radius 0-0144 cm. + 2%. 

Tube 2. ion »  0-0272 cm. + 4%. 

The differences in height, H, of the liquid in the two tubes at 0° were: 0-4460, 0-4444, 
0-4485, 0-4593, 0-4472, 0-4462, 0-4521, 0-4563 cm.; mean 0-450 cm., whence y = 13-9 
dynes/cm. + 3%. 

Parachor.—The two foregoing constants give a value of 236 + 4 for the parachor. This 
is in fair agreement with the following structure (P, calc., 243), which moreover, appears 


most probable on chemical grounds : 
F6 F6 
Nal 


Fe—S12—126— Fs 
Fel, les 








In calculating the parachor, we have assumed the normal valency of sulphur to be 2, and 
have used the decrement of 12-8 units which Sidgwick and Bayliss (J., 1930, 2027) found to take 
place in the parachor when the covalency of hydrogen is increased from 1 to 2; i.e., 
2S + 10F — 8 x 12-8 = 345 — 102 = 243 units. It is possible that for sulphur the de- 
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crement due to the covalency increase would be greater than for hydrogen, which would bring 
the calculated nearer to the experimental value. 


SUMMARY. 


Sulphur hexafluoride, as usually prepared, has been shown to contain carbon fluorides, i 
formed from the graphite anode of the fluorine cell. To obviate this, the fluorine was 
first passed through liquid oxygen, and sulphur hexafluoride prepared from it was found to 
be highly pure. 

A new sulphur fluoride, disulphur decafluoride, has been isolated in a pure state by an 
improved method of fractionating small quantities of gases. It has been analysed, and its 
chemical properties briefly investigated. It is stable, but not so inert as the hexafluoride. 

Its b. p. is 29°, m. p. — 92°; its liquid density is 2-08 g./c.c., and its surface tension 13-9 
dynes/cm., both at 0°. The Trouton constant is 23-0. The parachor is 236, in fair 
agreement with a sexacovalent structure. 


In conclusion we thank Imperial Chemical Industries, Ltd., for a grant which has helped 
to defray the cost of the research. One of the authors (K. G. D.) also thanks the authorities of 
Leeds University for an Akroyd and a University Research Scholarship, and also the Trustees 
of the Wakefield Charities for the grant of a Brotherton Research Scholarship, 
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296. A Mode of Studying Nitration. Part II. Isomeric Ratios 
in Dinitrobenzene. 


By FREDERICK E. POUNDER and IRVINE Masson. 


THE work here described is an outcome of that by Hetherington and Masson (J., 1933, 
105; regarded as Part I) in which were examined the influences of acid concentration upon 
the extent of conversion of mono- into di-nitrobenzene. In that work, the question of the 
variability of the proportions of the three isomerides was not studied; and it forms the 
theme of the present communication. 

Holleman’s work upon this question was based upon the analyses of the final yields 
of six nitrations by him and de Bruyn (Rec. trav. chim., 1900, 19, 79). In four of these, 
fuming nitric acid of four different concentrations (95-2, 83-1, 87-1, and 92-1 mols. %) 
was the sole nitrating agent, the temperature being 0° in the first case and 30° in the others. 
In the other two nitrations, sulphuric acid was mixed with the nitrobenzene before nitric 
acid was added; the mixed concentrations, which were the same for each nitration, can 
be approximately reckoned from the data as 66-5H,SO, + l0OHNO, + 23-5H,O (in é 
mols.). One nitration was done at 0°, the other at 40°. Despite the intermingling of Y 
variables, Holleman and de Bruyn were able to conclude that a rise in the temperature of 
nitration lowers the relative yield of m-dinitrobenzene; that the introduction of sulphuric 
acid increases the ratio of f- to o-; and that water does not modify the isomeric ratios, which 
remain the same during the course of a nitration. The last conclusion was drawn from 
the experiments with aqueous nitric acid only. The proportion of m-dinitrobenzene varied 
only from 93-5 to 90-9% of the total yield; that of o- from 4-8 to 8-5%; that of £- from 
ca. 0-3 to 1-7%. 

Wyler (Helv. Chim. Acta, 1932, 15, 23) has lately made a more extended study of 
temperature-effects, in which, having worked out a chemical method of determining the 
m-content, he showed clearly how this fell from 95% of the yield, at — 17° to — 10°, to 
85% at 124—129°. He used one mixture of acids for the four lower temperatures and 
another for the four upper temperatures ; the compositions of the acids can be approxim- 
ately reckoned in the former case as 77H,SO, + 19HNO, + 4H,0, and more exactly in 
the latter as 57H,SO, + 25HNO, + 18H,0 (in mols.). He noted an apparent fluctuation 
in the proportion of m-dinitrobenzene at temperatures over 100°; our work suggests that 
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this may have been due to trinitrobenzenes, which (if they were formed) we find would 
have been included as o- and #-dinitrobenzene by his analytical method. 

Wyler’s data for the ratio 0/p depend upon a method of thermal analysis with which 
he supplemented his chemical determination of the m-content. Unfortunately, our study 
of this matter shows that this part of Wyler’s work is not securely based, and we are 
obliged to give no more than qualitative weight to his 0/p ratios. We discuss the basis 
of the thermal analysis in the succeeding paper; meanwhile, we may accept from Wyler’s 
data a general statement that a rise in the temperature of nitration increases the yield of 
o- at the expense of that of #-dinitrobenzene. 

Our work concerns mainly the influence of the composition of the acid (H,SO,, HNOg, 
H,0) upon the isomeric ratios resulting from the complete nitration of mono- to di-nitro- 
benzene. Twenty-three nitrations, covering a wide range of acid composition, were done 
at 35-0°, the temperature used in Part I (/oc. cit.), and two at 0° and 60°. The procedure 
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Each arrow describes the change in molar com- Showing percentages of ortho-isomeride (above 
position of the acid during a nitration, and the the arrow) and of para-isomeride (below) in the 
figure on the arrow is the percentage of meta-iso- dinttrobenzene formed. 
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in our nitrations was essentially the same as in Part I; we have given special attention to 
the working up of the yield without subjecting it to alteration before analysis; to the 
methods of analysis themselves; and to the sources of by-products in the nitrations. 

Survey of Resulis—The mode of expressing the compositions of acids during each 
nitration is that déveloped in Part I, involving molecular percentages and triangular 
plotting. In Fig. 1, each arrow describes the whole course of a separate nitration; and 
the number on an arrow gives the percentage of m-compound in the dinitrobenzene formed. 
The boundary curve, taken from Part I, marks the concentrations at which the acids cease 
to nitrate. Fig. 2 shows, in the same way, for those 13 of the same nitrations in which 
the other isomerides were determined, the percentages of ortho (above the arrows) and of 
para (below them). Both diagrams refer to a nitration temperature of 35°. 

In general, these results show a remarkable constancy of composition. Any mixture 
of sulphuric and nitric acids which will nitrate nitrobenzene at all, yields at 35° a product 
whose percentage composition (and ranges) can be stated as: m- 90-1 (89-6—91-0) ; 0- 8-1 
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(7-3—9-0); p- 1-7 (1-1—2-1)%. On closer examination, however, one definite influence 
upon the nature of the product becomes plain: that of the sulphuric acid. This is best 
seen in Fig. 3, where the ratios m/(o + #) are plotted against the sulphuric contents of the 
nitrating acids. The changes being small, analytical aberrations (corresponding with the 
diameters of the circles) are naturally magnified in the diagram; nevertheless, it is seen 
that, on the average, each increase of 10% in the molecular percentage of sulphuric acid 
causes an increase of 0-2—0-25 in the numerical ratio m/(o + ). (Deviations which 
are probably genuine are in absolute nitric acid, and in the other acid marked in Fig. 3 
as X, which was barely capable of performing nitration.) 

During the course of a full nitration (shown, for instance, by a chain of arrows along a 
horizontal line in Figs. 1 and 2), no material change occurs in the proportion of any of the 
three isomerides. This is another instance of the dominant influence of the sulphuric 
content, which of course remains constant during any given nitration. 





Fic. 3. 


Nitrations of nitrobenzene at 35-0°. Showing the influence of the H,SO, content 
of the acid upon the composition of the dinitrobenzene formed. 
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The numerical ratio o/p, owing to the smallness of the -content, is too easily affected 
by slight analytical aberrations to be usefully stated, and the separate percentages of each 
isomeride are more instructive. The o-content ranges from 9-0% of the yield, in nearly 
absolute nitric acid, to 7-3 in a sulphuric-rich mixture. The trend is well shown in the 
series of acids along the left-hand edge of Fig. 2. The small #-content seems to alter 
simultaneously in the opposite sense, 1-1 to 2-0%. 

On the hypothesis mentioned in Part I, viz., that the proved formation of a salt with 
the cation PhNO,°H* is responsible for m-nitration, the smallness of the change in the 
ratio m/(o + ) implies that sulphuric and nitric acids do not greatly differ in their ability 
to form salts with nitrobenzene. But such change in the ratio as does occur (cf. Fig. 3) 
shows sulphuric acid as the more effective of the two in this respect; and this is in line 
with the fact, established in Part I, that water sooner nullifies the activity of nitric acid 
than of sulphuric acid in the nitration of mononitrobenzene. Hantzsch, in his work on 
anhydrous nitric and sulphuric acids, assigns to sulphuric rather than to nitric acid the 
role of supplying anions, as in his “ nitronium hydrogen sulphate,” akin to his crystalline 
compound “ nitronium perchlorate.”’ 

We find, further, that when glacial acetic acid replaces sulphuric acid in a mixture 
with fuming nitric acid (52HOAc + 39HNO, + 9H,O, in mols.), no nitration of nitro- 
benzene takes place at 35°. It is to be presumed that the acetate of the complex cation 
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PhNO,*H* is not formed, in accordance with the feeble acidity of acetic acid and with the 
view that the acetic acid molecule itself enters the cation of a salt with nitric acid. Nor 
can one assign the failure of acetic acid in promoting the m-nitration merely to its lack of 
dehydrating power ; for an experiment in which the acetic acid of the above-named mixture 
was replaced by an equal number of molecules of acetic anhydride showed that here also 
no nitration took place at 35°. 

Hence, it appears to be proved that in ordinary nitration mixtures the sulphuric acid 
acts because it is simultaneously a strong acid and a dehydrator; and the hypothesis 
put forward in Part I, embodying this requirement, is strengthened. 

Temperature E ffect—One only of our mixed acids was examined, of composition H,SO, 
500, HNO, 29-6, H,O 20-4 mols. %. Used at three different temperatures to nitrate 
10 mols. of nitrobenzene per 100 mols. of the mixed acid, it gave dinitrobenzene of the 
following compositions : 


Percentages. Ratios. 
Temp. m-. o-. p-. m|(o+?). o/p. 
0° 93-7 5°8 0°5 14°9 12 
35 90°15 8-1 1-75 9°15 4°6 
60 87°3 11°5 1-2 69 9°6 


The results of Holleman and de Bruyn and of Wyler are in broad agreement with these 
data, as regards the influences of cengeseinn upon the ratio m/(o + #) and upon the 
production of the o-compound. 

A reason for the decrease in m-content at the higher temperatures may be sought in the 
same hypothesis as has been mentioned; for the complex between nitrobenzene and acid, 
whose formation is slightly exothermic, will naturally be present in smaller concentration 
at high temperatures than at low. 

Side Reactions.—The yields of dinitrobenzene collected in the 25 nitrations ranged 
closely round a mean value of 96-8% on the nitrobenzene taken. Of the loss (3-2%) a 
part was accounted for by the solubility of the three dinitrobenzenes in the aqueous liquors 
which resulted from the dilution and neutralisation of the nitration mixtures after the 
completion of reaction. Quantitative measurements of solubility in appropriately chosen 
liquors showed that 2% had been lost from this cause. If we may assume that the 
respective solubilities of the three isomerides in the saline liquors are in practically the same 
ratios to each other as in pure water (a point not specifically studied), then the 2% thus 
lost has scarcely affected the composition of the 96-8 which was analysed. The correction 
might raise the p-content by 0-2 unit % and the o-content by the same amount; but this 
is offset by the behaviour of m-dinitrobenzene which is noted below. 

The remaining loss of 1-2°{ was shown to be mainly due to the formation of yellow nitro- 
phenolic substances. Colorimetric measurements on the diluted and neutralised nitration 
liquors gave similar values for all the nitrations; the shade and depth of colour matched 
those of a dilute solution of o-nitrophenol (1 part) and #-nitrophenol (4 parts) in 22,000 
parts of aqueous sodium sulphate (2280 parts) and nitrate (415 parts). The yellow colour 
was easily extractable with ether from the acidified liquors; hence it was not due to picric 
acid, and in any case the sensitive test with cyanide for this substance gave only faint 
indications. About 15% of the colouring matter was volatile in steam, like o-nitrophenol ; 
on the other hand, o- and #-nitrophenols are not stable in the mixed acids used in the 
nitrations. The precise identity of these products was of less immediate interest to us 
than their origin; for if they come from the preferential decomposition of any one or 
two of the dinitrobenzenes (especially the para), the isomeric ratios found in the yield will 
not be the true ratios formed in nitration. Direct tests with each dinitrobenzene isomeride 
in a mixed acid at 35° proved that o- and #-dinitrobenzene, once they are formed, are 
quite stable during a nitration, but that m-dinitrobenzene slightly decomposes to form 
yellow compounds. The quantity of these, however, as measured tintometrically, 
accounted for only a small part of the substances in the actual nitration liquors. Finally, 
the colour production in the nitrations was traced principally to a direct reaction of 
mononitrobenzene with the acids; for a mixed acid of concentration just too aqueous to 
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nitrate it gave, when treated with it for 12 hours at 35°, enough colouring matter to 
account for what had been observed. 

The net result of all the experiments on the losses of yield is that preferential losses, as 
between the isomerides, are negligible with the treatment adopted; and that therefore 
the stated compositions of the various yields can be accepted as showing the genuine 
proportions in which the isomerides were initially formed. 


EXPERIMENTAL. 


Nitrations.—These were carried out essentially as described in Part I, though on a smaller 
scale. Normally 10 mols. of nitrobenzene were taken per 100 mols. of the mixed acid, and the 
yield of dinitrobenzene in each case was about 25 g. With those acids which were near the 
border line of nitrating power, the proportion of nitrobenzene taken was appropriately reduced. 
In no case was any nitrobenzene left when reaction had ceased. A thermostat was used for 
maintaining the mixtures at 35-0°, and care was taken that from the start of each nitration the 
temperature did not vary from this value. All ingredients were weighed. 

The zones of heterogeneity described in Part I (pp. 110, 111) were defined more accurately 
than before: the boundary between heterogeneous and homogeneous nitrations at 35° in 
sulphuric-rich acids proves to lie somewhat nearer to the H,SO,-H,O side of the triangular 
diagram than was represented in Part I. 

Treatment of Yields.—Each finished nitration mixture was diluted, with cooling, to a 
measured extent, and exactly neutralised with aqueous sodium hydroxide; after standing, the 
dinitrobenzene was filtered off, washed with a definite quantity of water, and sucked dry. 
It was then melted, with vigorous shaking, under 100 c.c. of water, and filtered after being 
cooled to the measured temperature of the room with shaking, and the process was thrice 
repeated; the acidity of the washings was proved by titration to vanish in each case. The 
solid, now almost white, was dried for a day in a covered Petri dish on a plate kept at 60°. It 
was then weighed, finely ground, replaced for some days on the hot plate, with occasional stirring, 
and finally kept in a vacuum desiccator over phosphoric oxide, before being used for analysis. 
Products thus treated were proved free from sulphate and from non-volatile matter. 

Analysis of Isomeric Dinitrobenzenes.—Much time was spent in testing reactions reported 
as discriminating between the isomerides; the reagents studied included hydrazine, piperidine, 
aqueous sodium sulphite, aqueous and alcoholic alkali, and sodium methoxide in anhydrous 
methyl alcohol. Certain results of the hydrolytic and alcoholytic experiments are all that 
need be indicated here. 

Systematic experiments were made on the behaviour of the three isomerides, separately and 
together, towards aqueous potassium hydroxide. The reaction was carried out under reflux 
at the b.p., for periods from 2 to 8 hours, with different concentrations and proportions of alkali. 
The hydrolysis was followed by measuring iodometrically the nitrite formed in the hydrolysis 
to nitrophenoxide, air being excluded from the titrations. The numerical results may be 
summarised as follows: m-dinitrobenzene undergoes negligible hydrolysis in boiling 0-2N- 
potassium hydroxide, but in 0-5N-alkali, decompositions other than hydrolysis occur, forming 
dark solutions. Atmospheric oxygen is not concerned in these decompositions. The other two 
isomerides are much more reactive, but even after long refluxing in 0-2N-potassium hydroxide 
they are incompletely hydrolysed, the highest values got being 95% for p- and 89% for o-dinitro- 
benzene. The p-isomeride is definitely the most reactive towards alkali. When the o- and 
p-isomerides are part of a mass of molten dinitrobenzene, they react still more slowly with the 
liquid. No aqueous alkali of concentration sufficient to hydrolyse all the o- and p-isomeride 
leaves the m-isomeride unattacked; hence this method is unfitted for analysis. 

The reactions with sodium methoxide in methyl alcohol were examined. L. de Bruyn 
(Rec. trav. chim., 1894, 18, 114) states that o- and p-dinitrobenzene react with it quantitatively 
to form the nitro-anisoles, and that the m-isomeride is mainly reduced to 3 : 3’-dinitroazoxy- 
benzene. Wyler (/oc. cit.) found that the rigorous exclusion of water inhibits the last of these 
three reactions only, and he developed accordingly his analytical method for determining the 
m-content. We tested this carefully, except that we did not use potassium methoxide, which 
Wyler prefers to sodium methoxide. Essentially, the determination depends upon using a 
known amount of methoxide and, after refluxing the reagents for a definite time, titrating back 
the excess of methoxide with a freshly standardised solution of acetic acid in methyl alcohol. 
An external indicator is necessary, thymol-blue being used by us. Without giving details, 
we may say that we confirmed de Bruyn’s and Wyler’s conclusion that o- and p-dinitrobenzene 
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react quantitatively, one nitro-group being affected in each case. We found also that 1: 3: 5- 
trinitrobenzene (for a stock of which we thank Messrs. Imperial Chemical Industries, Ltd.) 
reacts quantitatively, one nitro-group being removed. But even the purest m-dinitrobenzene 
that we could prepare was not quite immune from reaction with dry methyl-alcoholic sodium 
methoxide; and a specimen which had already been repeatedly submitted to the process, and 
had m. p. 90-3°, continued to react when re-treated. Under working conditions, we found that 
a correction of 0-3 unit should on this account be subtracted from the apparent figure for the 
percentage of o + p in the sample analysed. The correction was not quite regular, and 0-3 
is a mean figure. 

All the nitration products were thus analysed ; and when the resulting data for the m-contents 
are compared with those obtained by the independent method of thermal analysis which we 
meanwhile developed (see following paper), the concordance is found to be fairly good. There 
was, nevertheless, a small and irregular discrepancy between the two methods, amounting to a 
few tenths per cent.; and since the thermal method affords a complete determination of each 
of the three isomerides and was proved to be reliable, whereas the chemical method determines 
only one isomeride and had the above-mentioned small element of caprice, however carefully 
we applied it, we prefer the thermal results. The methoxide data at least ensure that in the 
thermal method the proper region of the triangular diagram of o-m-p m. p. isotherms is being 
used. 
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297. Thermal Analysis, and its Application to the Dinitrobenzenes. 
By FREDERICK E. PouNDER and IRVINE MAssoN. 


In the course of work described in the preceding paper, we have used a simple procedure 
for the accurate thermal analysis of ternary mixtures, which is applicable to quite small 
quantities of material; it avoids the somewhat serious errors which, though simple in their 
origin, prove to have affected the results of some other workers, and possibly have prevented 
others from applying the thermal method in cases where it would have been useful. The 
specific case for which we have tested the method, and by which we here exemplify intrinsic 
defects in existing modifications of it, is that of mixtures of the three isomeric dinitro- 
benzenes, particularly those rich in the m-compound. 

In the thermal analysis of binary and ternary mixtures, the two extremes, as regards 
quantity of material needed, are (1) the “ setting-point ’’ method, where the thermometer 
or thermocouple is embedded in a stirred mass of material, and arrests during cooling 
are observed; (2) the ‘‘ melting-point tube ’’ method, where a few mg. of material are in 
a thin capillary glass tube in contact with a thermometer, and the last disappearance of 
solid during heating is observed. 

The first method, apart from its disadvantages in needing much material and in being 
apt to expose the substance to moist air, is defective in that with a given sample in a given 
apparatus the maximum arrest-point becomes lower as the degree of initial supercooling 
increases. This was studied by Andrews (J. Physical Chem., 1925, 29, 914), who overcame 
the difficulty by making several experiments with each sample, and, by plotting the observed 
arrest-temperatures against the degrees of supercooling, was able to extrapolate back to zero 
supercooling, so as to find the highest temperature at which crystals could form in that 
sample. 

The method in which ordinary m. p. tubes are used has the advantage of needing only 
minute quantities; but it suffers from the serious defect that, as the substance is not 
stirred during heating, residual solid sinks to the bottom of the small column of liquid, and 
the last crystals to disappear are not in equilibrium with liquid having the composition of 
the original mixture. The error, moreover, is capricious, so that it is not covered by the 
calibration with synthetic mixtures. Again, whether the heating arrangement is a metal 
block, a liquid bath, or an air envelope, temperature gradients in it can and do produce 
spurious results if they are not explored and counteracted. 

In both methods, poor thermal conductivity, especially of organic substances, is also 
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apt to cause errors, unless the rate of temperature change is extremely slow, and the 
substance is directly stirred—not merely shaken—continuously. 

These difficulties are very simply met as follows. About 0-2 g. of the dry, powdered mixture 
is quickly shaken to the closed end of a quill-glass tube about 20 cm. long and of 3 mm. bore, 
carefully dried with hot, dust-free air just beforehand. A glass stirring rod about 1 mm. in 
diameter, drawn from a piece of glass rod and twisted at its lower end, is inserted into the tube. 
A thin and flexible rubber sleeve, the neck of a toy balloon, ensheathes the top of the tube and 
also the projecting rod which forms the handle of the stirrer; thus the tube is sealed against 
moisture, while up-and-down stirring is easy. The tube is clipped vertically against a standard 
thermometer with its mercury thread wholly immersed in the heating bath. The bath (for 
temperatures up to about 120°) is a tall 2-litre beaker filled either with oil-covered water or 
with glycerol, and provided with a vigorous mechanical stirrer; hand-regulation of Bunsen 
burners very readily gives temperatures steady within 0-1° for over 15 minutes if required. The 
process of melting under constant stirring is watched with a lens, the temperature being raised 
by 0-1° every 3 minutes or so; and the melt with the last trace of solid is held within 0-1° for 
5—10 minutes, with continual stirring, so as to leave no doubt that the true m. p. is being 
observed. Repetition with the same sample has always given complete agreement with the 
first reading. 


In illustration of the discrepancies which arise through the use of the other methods, 
we may quote as typical the case of one mixture containing 90-45% of m-dinitrobenzene. 
By our method this gave 84-15°, 84-10°. Its setting point, carried out with ordinary 
thermal precautions, was 83-3° : a typical discrepancy, noted in 25 other cases. Observed 
in sealed capillary m. p. tubes heated in a hand-stirred bath of sulphuric acid, with a 
temperature rise of 1° in 5 minutes, four identical portions of the same sample gave 84:2°, 
85-4°, 84-8°, 85-1°. (With the first of these portions, three further determinations gave 
successively 84-8°, 86-2°, 87-1°; showing by the progressive rise that segregation of one 
component was occurring at each liquefaction.) Similar results with other mixtures make 
it plain that the method with capillary m. p. tubes is quite unreliable for the thermal 
examination of such mixtures; and the setting-point method, as ordinarily conducted, is 
also incorrect. 

The data on the system m-, o-, p-dinitrobenzene which were obtained by Andrews 
(loc. cit., p. 1041) by his carefully corrected method of setting points, differ from those 
of Wyler (Helv. Chim. Acta, 1932, 15, 23), who used the capillary m. p. method. Andrews 
examined binary mixtures only; Wyler examined binary and ternary, spread out at 10° 
intervals of composition. Andrews concluded that the isomerides behave as ideal solvents 
and solutes towards one another. Wyler found non-ideal relationships; according to him, 
e.g., the specific influence of the o-compound upon the m. p. of the m- differs from that of 
the #-compound, and the m. p, isotherms on his triangular composition diagram are curved 
or wavy. In using his interpolated results for the analysis of nitration products composed 
of all three isomerides, Wyler’s procedure, accordingly, was first to determine the m-content 
by chemical means and then to measure the m. p.; and he claimed that this gave an 
unambiguous value for the o-content. But if Andrews’s conclusions for binary mixtures 
are true, Wyler’s conclusions for ternary mixtures must be improbable and his method 
unsound. A similar comment was made, soon after our work began, by van der Linden, 
in a note on Wyler’s work (Helv. Chim. Acta, 1932, 15, 591). 

We applied our procedure to a series of synthetic mixtures, both binary and ternary, 
of the carefully purified isomerides, choosing the ranges of composition which most nearly 
concern those of ordinary nitration products. Our results (Table II) prove that the 
isomerides do in fact form ideal mixtures in all these cases. Hence, in order to use the 
m. p.’s for the analysis of a mixture of all three isomerides, a single direct determination 
will not suffice, even though the percentage of one isomeride may be independently known. 
For instance, a m. p. of 83-8° corresponds to a m-content of 90-0%, but the remaining 10-0% 
might be wholly o-, wholly #-, or any mixture of the two. We therefore first fix the 
m-content by measuring the m. p., and then complete the analysis of the sample by a 
second determination. In this, enough pure #-dinitrobenzene is added to a small weighed 
portion of the original mixture to reduce the ascertained m-content to exactly 70%; 
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i.e., to bring the composition into the region where the solid that separates from a melt is 
no longer m- but #-compound, and consequently the rectilinear isotherms in the triangular 
diagram run at an angle of 60° to those on the other side of the m—p-eutectic. The measured 
m. p. of this new mixture then gives unambiguously the o/f ratio, by reference to the 
experimental graphs (Table II, data for 70% meta). In principle, this method is, of course, 
applicable to any ideal ternary system ; and it is denoted as Valeton’s method by Holleman 
(“ Die Direkte Einfiihrung von Substituenten in den Benzolkern,” Leipzig, 1910, p. 503). 
The experimental error with our procedure may reach 0-1° for a m. p., corresponding with a 
maximum error of 0-15 in the percentage of m-dinitrobenzene and of 0-2 in that of each 
other isomeride. 

For our meta-separating systems, the graph of the logarithm of compositions against 
the reciprocal of the absolute m. p.’s is quite straight, and.follows the equation 1000/T = 
27510 — 1-1260 log N, where N is the molar fraction. For para-separation, the curve is 
straight so far as can be seen from the four available points. The use of van ’t Hoff’s 
isochore accordingly gives the molar heats of fusion (or of mutual solution) as 4-06 kg.-cals. 
for m- and 6-2 kg.-cals. for p-dinitrobenzene. Andrews’s data (loc. cit.) yield 4-11 and 
6-6 kg.-cals. respectively. Some direct calorimetric observations by Robertson (J., 1902, 
81, 1242) with dinitrobenzene of m. p. ‘‘ 90°” gave 4-9 kg.-cals. per mol. 

The eutectic of m- and #- occurs at 84-5% of m-, and 79-9°. 


EXPERIMENTAL. 


Pure Materials —The m-dinitrobenzene had originally been made in this laboratory by a 
two-stage nitration of pure thiophen-free ‘‘ A.R.’”’ benzene, and had been recrystallised and 
dried. It was then refluxed with a solution of sodium methoxide in anhydrous methyl alcohol 
(which removes the other isomerides and any traces of trinitrobenzene, in the form of nitro- 
phenoxides), recrystallised several times from absolute alcohol, and dried on a hot plate and 
finally in a vacuum over phosphoric oxide. This gave the stock used for synthetic mixtures, 
and had m. p. 90-2° with softening about 0-2° lower. 

A special sample of m-dinitrobenzene was prepared from this material by treating it with a 
suitable nitrating acid (to dinitrate any traces of mononitrobenzene) at 35° for 30 hours, after 
which the whole was diluted and made alkaline, and the dinitrobenzene extracted with chloro- 
form. It was then recrystallised from alcohol, dried on a hot plate, and kept for 3 weeks in a 
vacuum over sulphuric acid. Even this sample, m. p. 90-4°, showed signs of softening 0-2—0-3° 
lower. The existence of a second form of the compound has been reported (for references, see 
Andrews, Joc. cit.). The possibility that this might account for the above melting range in 
the carefully purified material has, however, not been examined by us, and it seems more likely 
that even our purest specimen (and a fortiori those of most of the other workers cited below) 
was not yet absolutely pure. 

The o- and the p-compound had been purchased as such; each was recrystallised from acetone 
and dried as before. 

The m. p.’s, determined as described, are thermometrically correct by N.P.L. standards; 
they are given in Table I with the values recorded to the nearest 0-1° by some other workers. 


TABLE I. 
Melting points of dinitrobenzenes. 


Meta. Ortho. Para. Authority. 
90°4° — — Present authors 
90°2 117°4° 174°2° - - 
89-9 117°1 174°0 Wyler, 1932 
89°8* 116-9 173°5 Andrews, 1925 
89°8 — — Pushin, 1924 
91-0 — — Steinmetz, 1915 

89°8 117°9 172 K6rner, 1874 


* After 60 fracticnal crystallisations, 90°05°. 


Mixtures.—In making a synthetic mixture, the dry powdered ingredients (0-2—0-3 g. in all) 
were weighed in a little cup of polished nickel; this was then very carefully heated under cover, 
the molten contents stirred with a platinum wire, left in a desiccator to solidify, and the solid 
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finely ground in an agate mortar; after further desiccation, all was transferred into the 


m. p. tube. 
TABLE II. 


Melting points of mixtures of the dinitrobenzenes. 


Solid phase: meta. 
95 90 
5-00 - 1-25 — 10°00 7°50 
= "25 3°75 5°00 -— 2°50 
87°2° 15 . 87°15° §87°2° 83°75° 83°8° 
Solid phase: meta. 
m, % 88 85 
?, % 12-00 8:99 , 3°00 -—— 14°99 
0, % — 3-01 ‘99° 9°00 11-99 — 
M. p. 82°3° 82°3° . 82°4° 82-4° 802° 
Solid phase: para. 


m, % 8319 81°95 80°99 80-02 70 
b, % 16°81 1805 19°01 19°98 300 27°5 : 225 200 17°52 
0, % —_ = oe ane a 2-5 75 100 12:50 
M. p. 830° 861° (870°)  90-0° 110°3°  105°5° . 96°75° 91-7° 862° 


UNIVERSITY OF DURHAM (DURHAM DrvIisI0N). [Received, July 17th, 1934.] 





298. Reversal of Emulsion Type. 
By Ceci L. WItson. 


In general, the use of a “ simple ”’ emulsifier with a pure oil and water will under all 
conditions give the same type of emulsion; e¢.g., sodium oleate with benzene—water always 
gives oil-in-water emulsions, no matter in what proportions the benzene and water are 
present, and similarly magnesium oleate gives emulsions of the reverse type. Further, it 
has always been held that in order to reverse the type of an emulsion it is necessary to add 
an appreciable amount of a new substance which either has in itself, or will produce by its 
action on the emulsifier, an opposite emulsifying effect; ¢.g., addition of magnesium 
chloride to the former emulsion will eventually change the type when there is a greater 
equivalent of magnesium than of sodium present. 

In this investigation a reversal of type has been observed under conditions which 
approach more nearly to those obtaining with the use of a simple emulsifier. If an 
emulsion is formed with sodium oleate as emulsifier in water and benzene, the salt is 
hydrolysed just as it is in aqueous solution, and it is therefore present as a mixture of sodium 
hydroxide, oleic acid, and sodium oleate, rather than as a simple substance. In consider- 
ation of this, an investigation has been made of the effect of varying the amounts of alkali 
and oleic acid present. 

EXPERIMENTAL. 


The emulsifier was in all cases prepared by the addition of the required amounts of sodium 
hydroxide and oleic acid to the benzene—water. In Series I, each emulsion contained 70 c.c. 
of benzene, 1-4118 g. of oleic acid, and 30 c.c. of aqueous solution containing the following volumes 
of N-sodium hydroxide : 


ee a 1 2 3 4 5 6 7 8 9 10 
N-NaOH, c.c. 2 3 4 5 6 7 8 9 10 


The 70 : 30 ratio of benzene to water was used because of the relation between phase volume 
and homogenisation (Parke, J., 1933, 1458). No. 5 contained equivalent amounts of alkali 
and acid. Nos. 2—10 were apparently normal oil-in-water emulsions, and all gave an alkaline 
reaction with phenolphthalein. From No. 5, with increasing alkali, there was an increase in 
the amount of free aqueous phase, and further increase in the excess of alkali decreased the 
stability of the emulsion, finally breaking it. 

No. 1 was a water-in-oil emulsion. In order to investigate this unexpected phenomenon, 
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an attempt was made to find the exact point of reversal; Series II, therefore, covered the region 
in question, the conditions being exactly as in Series I, but with N/10-alkali : 


No. 2 3 + 5 6 7 8 9 10 
N/10-NaOH, c.c. 4 6 8 10 12 14 16 18 20 


Nos. 1, 8, 9, and 10 gave fairly stable oil-in-water emulsions on shaking; the others would 
not give definite or stable emulsions. On homogenisation by means of a small homogeniser 
similar to that used by Parke (loc. cit.), the types were as follows : 1, Oil-in-water, fairly stable ; 
2, oil-in-water, with a large amount of free benzene; 3, 4, 5, 6, 7, water-in-oil; 8, 9, 10, oil-in- 
water, stable. 

The comparative conductivities of the emulsions of this series were measured by means of 
the kick on a milliammeter when a current was passed through them. These confirmed the type 
of 1, 2, 8, 9, and 10, and showed that 3 and 4 are probably dual emulsions, and 5, 6, and 7 
are almost entirely water-in-oil emulsions. 

That the reversal of type is of a very complex nature is shown by this double reversal in 
Series II, as well as by other investigations on the phenomenon. These show that, in general, 
a large excess of oleic acid gives with small amounts of sodium oleate, on homogenisation, a 
water-in-oil emulsion when there is an excess of benzene over water; but when there is 50% 
benzene, no emulsion of this type can be obtained, the lowest percentage of benzene giving such 
an emulsion being 62%. It was also found that the type was more influenced by variation in 
the amount of sodium hydroxide than in that of oleic acid. 

Gentle continuous shaking tends to give water-in-oil emulsions, whereas vigorous inter- 
mittent shaking gives the opposite type, which are reversed on homogenisation if the necessary 
amount of oleic acid is present. Also, if the benzene is added in 5 c.c. portions with shaking 
after each addition, the type is still oil-in-water when the 70% benzene has been added, and 
again the type is changed on homogenisation. This would seem to show the necessity for 
homogenisation in all cases in order to standardise the resulting emulsion. 


DISCUSSION. 


In considering the causes of these phenomena, it would seem that there are two agents 
to be taken into account. The first is the marked lowering of surface tension of the water, 
and hence of the interfacial tension, by the addition of the soap, as observed by Reynolds 
(J., 1921, 119, 460). The second is the presence of the large excess of oleic acid in the 
benzene. It is thought that the action of the latter may be somewhat similar to that 
taking place in a magnesium oleate—benzene—water emulsion, in which, since the solubility 
of magnesium oleate in water is 0-23 g./l., the greater part of the emulsifier is contained in 
the benzene phase, a water-in-oil emulsion being formed. 

The action of such an emulsifier as sodium oleate + oleic acid may be taken to have 
two separate and definite functions; (1) to lower the interfacial tension, and (2) to render 
the globules, once formed, stable, presumably by some form of coating by adsorption to the 
interface. 

It is significant that phenol-water and aniline-water, on addition of oleic acid alone, 
give emulsions which are stable after some weeks. In both casés the interfacial tension is 
very low, and the lowering action of the soap is not necessary. Difficulties arise in the 
investigation of the result of the addition of substances other than oleic acid, owing to 
their effect on the interfacial tension and the possibility of compounds being formed. 

The reversing action of oleic acid can in no way be considered to be an electrolytic 
reversal of the type cited by Clayton (‘‘ Emulsions,” 1923, p. 74 e seg.) on account of the 
low solubility of this acid in water; also, since oleic acid does not itself emulsify benzene- 
water, it cannot be considered as an emulsifier of opposite type. The second reversal 
(see above) still remains unexplained. 


I wish to thank the Queen’s University of Belfast for the award of a Musgrave 
Studentship, and Dr. R. Wright, of this University, and Mr. J. B. Parke, M.Sc., of Queen’s 
University of Belfast, for helpful suggestions. 


GLascow UNIVERSITY. [Received, July 24th, 1934.] 
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299. The Thermochemistry of Solutions. Part I. A Calorimeter for 
Use with Non-aqueous Solvents. 


By F. A. Askew, N. S. Jackson, O. Gatry, and J. H. WoLFENDEN. 


TuIs part describes two types of calorimeter appropriate to the study of the thermo- 
chemistry of non-aqueous electrolyte solutions and sufficiently sensitive for use at the low 
concentrations where theoretical interpretation is least difficult. 

The experimental difficulties peculiar to the thermochemistry of non-aqueous solutions 
are attributable to the following factors: (1) the high volatility of most non-aqueous 
solvents, and the serious thermal effects caused by evaporation; (2) the hygroscopic 
nature of the solvents and of those salts which have an appreciable solubility therein; 
(3) the low solubility of salts in solvents other than water; (4) the inconvenience of pre- 
paring pure solvents on anything but a small scale; (5) the solvent effect of non-aqueous 
solvents on thermal and electrical insulators, varnishes, greases, etc. 

The first two factors make it imperative that the calorimeter shall be completely sealed, 
and necessitate a special technique for the introduction of the salt ; the third factor precludes 
measurements except at high dilutions, and the fourth and fifth factors together prevent 
the use of Lange’s extremely precise differential technique. 

Both the calorimeters described below are adapted from the rotating calorimeter of 
Lipsett, Johnson, and Maass (J. Amer. Chem. Soc., 1927, 49, 935, 1940), the notable advant- 
ages of which are that the calorimeter is completely sealed, and that a high degree of 
adiabatic control is so easily achieved that a calorimeter of small capacity may be used 
without a disproportionate increase in thermal leakage due to the increased surface/volume 
ratio. The principles of their calorimeter are all embodied in our own. Modifications 
have been made in certain details, but it is only in the design of the calorimeter for heats 
of solution that any essentially novel feature has been introduced. Since the difference 
between this calorimeter and that for heats of solution is confined to the construction of 
the innermost silver vessel (the calorimeter proper), these two vessels are described first, 
the remaining apparatus and procedure being, for the most part, common to both types of 
measurement. 


Calorimeter for Heats of Dilution.—The calorimeter (Fig. 1) is of pure silver and has an 
effective capacity of about 80c.c. The detachable end A has a flat ground surface which screws 
up flush to another flat surface on the end of the calorimeter. Two silver plugs B, B, fitting into 
ground sockets permit the introduction of pipettes into inner and outer compartments of the 
calorimeter. The plugs and the screw-end of the calorimeter are lubricated with carefully 
purified vaselin; sealed in this way, the calorimeter is completely liquid-tight to water, the 
alcohols, nitrobenzene, nitromethane, and benzonitrile, but not to acetone and benzene. 

An inner vessel, C, also of pure silver, is mounted inside the calorimeter on two horizontal 
rails and serves to contain the solution to be diluted. Two alternative inner vessels are used, 
of capacities 30 c.c. and 10 c.c. The inner vessel can be closed by a lid, which is of pure silver 
for the larger vessel, and of gold for the smaller. It is designed so as to catch in the clips, J, J, 
after falling off during the first rotation of the calorimeter, and is held there during the remainder 
of the experiment. 

The two axles, D, D, bearing the calorimeter consist of insulating fibre; the one rests 
in a U-shaped brass bearing, and the other screws into the steel driving shaft by means of which 
the calorimeter is rotated. 

Calorimeter for Heats of Solution—In this calorimeter (Fig. 2) the detachable screw-in 
axles contain an insulating section of fibre, and the inner vessel and plugs are replaced 
by the valve A, constructed so as to enable a glass bulb B containing the dry weighed 
salt to be broken by percussion transmitted through a thin silver diaphragm E, 0-1 mm. thick. 
This bulb is held in the perforated silver cup C (2-8 cm. long), screwing on to the valve proper D 
(also 2-8 cm. Jong), which is hollow and is closed at its lower end by E. The cup is screwed 
on to the valve until the glass bulb presses against the diaphragm. A silver rod F rests loosely 
in D and is pressed gently against the diaphragm by a spring, held down by the nut G. When the 
bulb is in position and the calorimeter has been filled with the solvent, the valve and cup are 
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screwed down into a valve-seating H, which is silver-soldered to the wall of the calorimeter. 
The valve screws into this seating until the ground conical head of the valve presses tightly 
against the sharp edge of the seating, making an unlubricated gas-tight contact of the type often 
used in gas-cylinders. A small hole bored through the seating allows equalisation of pressure 
to be maintained until the final cone-and-edge contact is established. 

At the appropriate moment, a brass plunger, which normally hangs in one of the brass outlet 
tubes of the submarine, is allowed to fall about 8 cm. on to the projecting end of the rod F; the 
shock, transmitted through the diaphragm, breaks the bulb, and dissolution of the salt begins. 
The brass plunger is tipped with ebonite so as to prevent conduction of the heat to or from the 
calorimeter during the few seconds of contact. The heat developed by the impact is negligible. 

The glass bulbs were cylindrical with flat ends, being about 1 cm. long and 0-4 cm. in diameter 
They were drawn out from test-tube glass; care was needed in their construction in order to 
obtain the requisite degree of fragility, for they must be thin enough to break under the impact 
of the plunger but stout enough to be screwed in tightly without breaking. Unless they are 
flat-bottomed, they tend to slip diagonally, without breaking, when struck by the plunger. The 
final drying of the salt to constant weight took place in the bulb itself, which was then sealed off. 


Fie. 1. 
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Fic. 2. 


With the aid of this valve, it was possible to make satisfactory measurements of heats of 
solution of highly hygroscopic salts. 

Auxiliary Apparatus (Fig. 3).—The “‘ submarine.” This consists of a copper cylinder, 11-5 
cm. long and 8 cm. in diameter, divided into two flanged portions across a horizontal plane just 
above the axis of the cylinder. The lower portion stands on brass legs fixed to the earthenware 
bottom of the water-bath. The upper portion may be screwed down to this by means of screws 
through the wide brass flange common to both halves; this flange smeared with vaselin yields an 
absolutely water-tight joint. Three copper tubes soldered into the submarine carry the leads 
to the thermel and the plunger. A fourth tube is horizontal and carries the axle and bearings 
by which the calorimeter is rotated. 

Rotation of the calorimeter. The calorimeter is rotated by means of a steel spindle screwed 
into one of its axles; the spindle is carried on bearings inside a hollow tube from the interior of 
the submarine to the exterior of the wooden box containing the water-bath. The outside end of 
the spindle bears a pulley wheel connected by means of a waxed cord to the rotation motor. 
Early experiments showed that with non-synchronous motors the variation of the speed of 
rotation of the calorimeter and the consequent variations iri the heat of stirring could constitute 
a serious source of error. The rotation was therefore effected by a three-phase synchronous 
4x 
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motor. A system of reducing worm gears and of pulleys ensured a constant rate of rotation of 
8 r.p.m. 

Water-bath. The water-bath is contained in a cylindrical earthenware vessel about 1 ft. 
deep and 1 ft. in diameter; this vessel is surrounded by a wooden box packed with insulating 
slag-wool and covered with uralite sheets, perforated to admit stirrers, drips, etc. The 
bath is very vigorously stirred by four stirrers, each bearing eight propellor blades. Two cans 
supply hot water and ice-water respectively ; each supply may be delivered to the bath by a wide 
tube or a narrow drip so that the temperature of the bath may be maintained constant to within 
0-0005° for a long period or changed by 2° or 3° in a few minutes. This degree of temperature 
control is only possible if the uralite cover is carefully arranged so as to reduce evaporation from 


the bath to a minimum. 
Fic. 3. 
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. Calorimeter. FF. Bath stirrers. 

. Thermels. GG. Water drips (hot and cold). 

. ‘* Submarine.” H. Platinum resistance thermometer. 

. Tube for plunger. JJ. Insulating space filled with slag wool. 
. Pulley to synchronous motor. 


The ‘‘ thermel.”” Two thermels were installed at different times and are now used in series 
together. The first, consisting of eleven pairs of copper—constantan junctions, was made, as 
described by Lipsett, Johnson, and Maass, by soldering together alternate lengths of copper and 
constantan wire of 0-02 mm. diameter and rolling out the composite wire until it formed a ribbon 
0-8 mm. wide arid 0-03 mm. thick. This ribbon was wound in the form of a helix so that one set 
of junctions was about 1 mm. from the calorimeter and the other was fixed by means of shellac 
and de Khotinsky cement to a very thin strip of mica attached to the lower half of the submarine. 

A second thermel was constructed later as described by Keefer (Physikal. Z., 1928, 29, 682) ; 
this contained 26 pairs of copper—constantan junctions made from rolled-out wire of the same 
dimensions as above, and was mounted in the upper half of the submarine with the aid of thin 
glass rods which provided the necessary rigidity. In both thermels the junctions which faced 
the calorimeter were coated with a mixture of platinum-black and lamp-black to increase their 
absorptive power. 
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The thermel was connected to a sensitive short-period galvanometer contained in a draught- 
proof box; a system of switches made it possible to place thermel and galvanometer directly in 
series, or alternatively, to put a resistance of 1000 ohms in series with the galvanometer and a 
130-ohm damping resistance in parallel. The latter arrangement is used in the initial adjust- 
ments of bath temperature, when differences greater than 1° are to be recorded. With the 
former arrangement, corresponding to maximum sensitivity, 1 mm. deflexion on the galvano- 
meter scale was found to correspond to a temperature difference of 0-0008°. Since the galvano- 
meter spot was reflected into a reading microscope carrying a scale graduated in 0-1 mm., it 
was thus possible to measure temperature differences between calorimeter and submarine with 
a precision of 0-0001°. 

Precautions against electrical leakages. Elaborate precautions were necessary to eliminate 
electrical leaks and stray potentials due to thermo-electric effects, more particularly in the thermel 
circuit. At the suggestion of Dr. Maass, the leads from the thermel and thermometer were 
carried 6n an “‘ equipotential railway ” consisting of two earthed parallel copper wires, along 
which transverse glass rods were fixed at intervals. On these rods, which were coated with a 
film of mixed paraffin wax and rubber, were laid the leads, which were all of insulated single- 
strand copper wire encased in rubber tubing. Soldered joints, when used to join the thermel 
to the leads, were arranged in pairs and carefully protected from draughts. All metal parts 
of the apparatus, together with a leaden sheet covering the table which bore the calorimeter and 
difference bridge, were connected to the same earth as the wires of the “‘ equipotential railway.” 
It was even found necessary for the operator to stand on an earthed shield owing to potential 
differences between floor and walls of the room. The switches used at first for making and 
breaking the galvanometer circuits were of the anti-thermo-electric ‘‘ clothes-pin ’’ type (White, 
J. Amer. Chem. Soc., 1914, 36, 1862). These were suspected of giving bad contacts and were 
replaced by spirals of copper wire, amalgamated at their tips, dipping into mercury cups drilled 
inan ebonite sheet. It was not until all these precautions had been developed that the galvano- 
meter readings became completely unaffected by draughts, the switching on and off of the 
electric motors, etc. 

Resistance thermometer and bridge. The thermometer had a resistance of 25-579 ohms, 
and the ratio of its resistance at 100° to that at 0° was 1-39115. It was enclosed in a silver 
sheath of thin blade-like form; this design has a very low thermal lag of the order of lsec. The 
resistance of the thermometer was measured on a Smith difference bridge with a precision of 
000001 ohm, corresponding to 0-0001°. Both thermometer and bridge were standardised by 
the N.P.L. The bridge balance was determined by reversing the direction of the current from 
the bridge through a galvanometer contained in the same draught-proof box that contained the 
thermel galvanometer. This reversal method doubles the galvanometer deflexion if the bridge 
is not exactly balanced. The difference in time-lag of the thermometer and the thermel for a 
sudden small change in temperature of the bath is about 2 secs., the thermometer reaching 
equilibrium again first. 

Procedure.—For heats of dilution, the inner vessel is fixed inside the calorimeter and filled 
from a weight-pipette with the solution to be diluted. The lid is then placed on the inner 
vessel, and the open end of the calorimeter screwed up. The sealed calorimeter is placed in the 
submarine, and the steel axle connected to the rotation motor screwed into position. The outer 
portion of the calorimeter is then filled with a weighed portion of pure solvent through the 
appropriate plug-hole, and both plugs, lightly smeared with vaselin, are inserted firmly into 
their sockets. The upper half of the submarine is now screwed into position, the wide flange 
being heavily greased. 

The bath is filled with water, the calorimeter brought to 20° + 0-1°, and the bath brought 
to within 0-001° of the calorimeter temperature and maintained at this for at least 20 mins. 
The calorimeter may now be assumed to be at a uniform temperature, and the first accurate 
temperature determination is made, simultaneous readings of the thermel and resistance thermo- 
meter being taken at 1-min. intervals for at least 6 mins. 

The rotation of the calorimeter is then begun and maintained for 4 mins. The temperature 
of the bath is continuously adjusted to that of the calorimeter throughout the dilution. The 
Totation is then stopped, and another series of thermel—thermometer readings serves to establish 
the final temperature of the calorimeter after dilution. The rotation is then resumed for a 
second period of 4 mins., and a third series of temperature readings is made. The first temper- 
ature change corresponds to the heat of dilution, the second to the heat of stirring; from the 
two the corrected temperature difference due to the dilution process alone is found. Before and 
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after the experiment the bridge-centre of the difference bridge is measured, as well as the zero 
reading of the thermel galvanometer. 

The procedure during the measurement of a heat of solution is identical in all essential 
respects, except that the weighed bulb of salt and the percussion valve replace the inner vessel 
and its solution. The process of solution is much slower than of dilution, so longer rotation 
(rarely exceeding 15 mins.) is necessary to ensure complete solution. 

The following example illustrates the experimental procedure for the heat of dilution of 


sodium perchlorate in methyl alcohol. 


Wt. of NaClO, (in vac.) = 0°3774 g. = 0°003082 mol. 
Wt. of initial solvent (in vac.) = 16°944 g.; initial concn. of soln. = 0°1430 mol. /I. 
Wt. of added solvent (in vac.) = 19°270 g.; final ina ‘ = 0°0666 __,, 
Time, 
mins. 
0 Calorimeter filled, and sealed. Temp. adjusted to ca. 20°. 
95 Bath adjusted to within 0:001° of above temp. 

135 Temp. readings begun. Below are tabulated bridge readings, each of which corresponds to 
two commutations of the difference bridge and is corrected for the temperature difference 
between bath and calorimeter registered by the thermel galvanometer. 

138 27:59869 ohms 142 27°59869 ohms \,_.,; ‘ ° 

140 27-59866_,, 14427-50868 Initial temp. = 19-0451". 

145 Rotation of calorimeter begun; dilution takes place. 

151 Rotation stopped. . 

4 27° rk 27° > , 

oo sranaae _— aa ep aneas ohms \ Temp. after diln. = 19°9744°. 

162 Rotation started to determine heat of stirring. 

168 Rotation stopped. 

172 27°60190 ohms 176 =27°60190 oh — a 

174 ++ aha - 178 ee eniae hms \-Temp. after stirring = 19°9769°. 

185 Bridge centre = 0°80335. 

Temp. change uncorr. for heat of stirring = 0°0293°. 

” ” corr. ” ” ” = 0°0268°. 

Heat capacity of calorimeter and air-gap = 14°59 cals. /degree. 
Heat capacity of initial solution = 10°22 a 

Heat capacity of added solvent = 11°55 a 
Total heat capacity = 38°36 - 

Heat evolved during dilution = 1:19 cals. 

Heat of dilution per mol. of sodium perchlorate = 0°316 kg.-cals. 


Calibration of the Calorimeters.—Heat capacity of the dilution calorimeter. The design of 
this calorimeter enables its heat capacity to be calculated from the masses and specific heats of 
the component parts. This involved measurements of the approximate specific heat of silver 
solder and of the fibre contained in the axles. It was assumed that one-half of each axle con- 
tributed to the effective heat capacity of the calorimeter. A further correction term was added 
for the heat capacity of the air in the calorimeter and in the gap between this and the submarine ; 
it was assumed that the fraction of the air gap contributing to this heat capacity was in the ratio 
of the surface areas of calorimeter and submarine (i.e., ca. 1 : 3). 

The details of the heat capacity of the calorimeter, with the larger inner vessel G, are as 
follows : 

Material. . Sp. heat. Heat capacity, cals. /degree. 
0°0559 13°515 
Silver solder : 0°0826 0°116 
Fibre axles . 0°34 0°155 
‘ 0°6 0°06 
0°04 
13°89 


If the smaller inner vessel, H, was used, the value was 13-41 cals. /degree. 

In order to check these calculations and to test the accuracy of the apparatus, the heat 
capacity of the calorimeter was determined experimentally by carrying out the neutralisation of 
sodium hydroxide by hydrochloric acid. Richards and Rowe (J. Amer. Chem. Soc., 1922, 44, 
699) found the heat evolved during the reaction NaOH + 100H,O + HCl + 100H,O = NaCl 
-+- 201H,O to be 13,895 cals./mol. at 20°. Solutions of acid and alkali, purified and made up 
according to their specifications, were neutralised in the dilution calorimeter, with vessel G; 
8 measurements, using different equivalent amounts of acid and alkali, gave 13-86 cals. /degree 
for the heat capacity of the calorimeter. The concordance between this and the foregoing 
calculated value constitutes a valuable test of the precision of which the apparatus is capable. 
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Heat capacity of the solution calorimeter. This value, calculated in a manner similar to that 
described above, is 10-52 cals. /degree; whereas when the calorimeter was used to measure the 
heat of solution of sodium chloride in water at a concentration of about N//60, the value obtained 
was 10-48 cals. /degree, if the data of Lipsett, Johnson, and Maass (loc. cit., p. 940) are taken 
as correct. 

The leakage coefficient of the calorimeters. Since the temperature equality of calorimeter and 
submarine can never be perfectly maintained, especially during rapid temperature changes, it 
is important to know the thermal leakage across the 18-mm. air gap between the two. The 
average value of this quantity from a series of measurements was 1-12 cals./min. per degree of 
temperature difference between calorimeter and submarine. Such a leakage coefficient indicates 
virtually perfect adiabaticity during all our experiments, since the worst cases of temperature 
inequality (recorded during the heat of neutralisation experiments) would have produced an 
error of less than 0-1% in the temperature change measured. For the usual temperature 
changes (0-01° or less) the correction is negligible. 

Tests of temperature homogeneity and completeness of mixing. Experiments were carried out 
to test whether the time elapsing between the assembly of the calorimeter and the dilution process 
was sufficient to allow the calorimeter and its contents to come to an absolutely uniform temper- 
ature. This was done by assembling the dilution calorimeter with the same liquid in both the 
inner and the outer vessel, and carrying out the procedure of a heat of dilution as usual. Repeated 
experiments with water and benzonitrile showed no sensible temperature change. 

Another series of experiments was carried out with the dilution calorimeter to prove that the 
4 mins.’ rotation normally allowed for the dilution process sufficed for complete mixing. For 
this purpose, a concentrated aqueous solution of potassium nitrate, which absorbs considerable 
heat on dilution, was diluted in the calorimeter; if mixing were incomplete to the extent of as 
little as 0-5%, the positive heat of stirring during the second period of rotation would have been 
annulled by the heat absorbed in the completion of the process of dilution. The experiments 
showed that complete mixing was certainly brought about during the 4 mins.; e.g., in one 
experiment, the temperature change on dilution was — 0-1461°; a second and a third period of 
rotation, also of 4 mins.’ duration, after the dilution process, showed temperature rises of 0-0004° 
in each case. 

The degree of accuracy attainable with the calorimeters. Inattempting to assess this factor, it is 
convenient to divide the sources of error into three categories : (i) in temperature measurement ; 
(ii) in the heat capacity of the calorimeter and its contents; (iii) miscellaneous. 

(i) The Smith difference bridge is capable of reading (relative) temperatures to 0-0001°. The 
readings of the thermel, with which those of the resistance thermometer must be combined to 
establish the temperature of the calorimeter, are susceptible to greater error, principally owing 
to vibration in the galvanometer : any single reading might be in error by 0-0002°. Whenever 
the thermel readings showed vibration, at least 6 pairs of readings of thermometer and thermel 
were made. Statistical analysis of the standard deviations of our temperature readings suggests 
that the error in the mean adopted is not likely to exceed 0-0001° and is probably not greater 
than 0-00005°. 

Any errors due to variations in the heat of stirring are minimised, in so far as the rate of 
stirring is concerned, by the use of the synchronous motor, On the other hand, in the measure- 
ment of heats of dilution an element of uncertainty is introduced by the possibility that the lid 
of the inner vessel may escape from the hooks designed to hold it; this difficulty rarely occurred 
and was always accompanied by an obviously abnormal heat of stirring, and variations in the 
rate of development of heat by rotation of the calorimeter rarely exceeded the errors of 
thermometry. 

(ii) By far the greatest uncertainty in the heat capacity of the calorimeter system is that in 
the specific heats of the solvents, which were taken to be inappreciably different from those of 
the dilute solutions used. The recorded values for the specific heat of many common liquids 
are remarkably discordant and the accepted values cannot be trusted to less than about 2%. 
Since the solution constitutes three-quarters of the heat capacity of the system, this introduces 
an uncertainty of about 1-5% in the results in some solvents. It is unlikely that the calculated 
heat capacity of the calorimeter itself, confirmed as it is by experimental measurements, is in 
error by more than 0-1 cal. /degree, 7.e., 0-2% of the total heat capacity. It is therefore unlikely 
that the absolute values of heats of solution and dilution adopted are in error from this source by 
more than 2%. 

(iii) In the measurement of heats of solution by the glass-bulb technique, the only possibility 
of error owing to premature absorption of water arises during the very short exposure to the air 
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between the final weighing and the sealing of the bulb. Trial experiments suggest that the 
amount of water thus absorbed cannot have exceeded 0-0003 g. even for the most hygroscopic 
salts. Assuming that the heat change involved in this absorption is of the order of magnitude 
of the heat of formation of salt hydrates, it can be estimated that the consequent error in the 
heat of solution of the salt measured cannot have exceeded, even in the unfavourable circum- 
stances postulated, more than 25 cals. /mol. 

In the earlier stages of the work the heats of solution of a number of non-hygroscopic salts 
were determined in the “‘ dilution ’’ calorimeter, using the smaller inner vessel, according to the 
method of Lipsett, Johnson, and Maass for sodium chloride dissolving in water. It was found, 
in spite of numerous trials, that no liquid thinly smeared between inner vessel and lid was 
adequate to protect hygroscopic salts from attack by the solvents. Even heavy medicinal 
paraffin was unable to protect sodium iodide or lithium bromide from the vapour of water or the 
alcohols. The dilution calorimeter was therefore only used for the heat of solution of those non- 
hygroscopic salts which trial had shown to absorb no more than insignificant quantities of solvent 
vapour during several hours’ exposure in the calorimeter. Duplicate experiments made later 
with the sealed-bulb technique on the same salts showed that no serious errors had been 
introduced in this way. 

Summary Estimate of Errors. It is difficult to summarise in general terms the degree of 
precision of which the two calorimeters are capable. This is not only because temperature 
errors are independent of the total heat change measured while heat capacity errors are not, 
but also because details such as the molecular weight of the salt and the specific heat of the 
solvent are sometimes of considerable moment in determining the effect of a given error in the 
final result; e¢.g., in measuring the heat of solution of 0-05 g. of silver perchlorate (M = 208) 
in 40 g. of water (sp. heat = 0-999), an error of 0-0002° in the temperature change leads to an 
error of 42 cals./mol. in the heat of solution, but an exactly similar temperature error in the 
corresponding measurement for lithium chloride (M = 42) in ethyl alcohol (sp. heat = 0-57) 
leads to an error of only 4 cals. /mol. 

In general, it may be stated that (a) in heats of dilution, the error of an individual determina- 
tion is unlikely to exceed 100 cals./mol. for concentrations near 0-01N (this error is inversely 
proportional to the concentration measured) ; (b) in heats of solution, the error of an individual 
determination in the most unfavourable circumstances is not likely to exceed 200 cals. /mol. at 
the concentrations usually measured (0-1—0-01N) ; (c) the absolute value of all the heat changes 
measured in non-aqueous solvents is subject to an uncertainty of 14% or thereabouts (see p. 1367). 

It will be seen from Part II that the concordance of all but the earlier measurements is 
consistent with at least this degree of accuracy. From the observations recorded there, it may 
be shown that the root mean square deviation of the individual values for the heat of solution 
at infinite dilution from their respective means is 150 cals./mol. when estimated from all 
the 107 cases where the necessary data are available, this including many of the earliest 
measurements. 


We are indebted to Professor O. Maass for much valuable advice; we also wisli to express 
our thanks to the Royal Society and to the Directors of Imperial Chemical Industries for grants 
which defrayed the cost of part of the apparatus described in this paper. 
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300. The Thermochemistry of Solutions. Part II. Heats of Solution 
of Electrolytes in Non-aqueous Solvents. 


By F. A. Askew, E. Buttock, H. T. Smitu, R. K. Tinker, O. Gatry, and 
J. H. WoLFENDEN. 


THE calorimeter described in Part I (preceding paper) was first used to survey the heats of 
solution of electrolytes in non-aqueous solvents, concerning which few data are recorded. 
In this part, the heats of solution of 17 uni-univalent salts (known to be strong electrolytes) 
in water, methyl alcohol, ethyl alcohol, nitromethane, nitrobenzene, and acetone are 
described for 50 salt-solvent combinations. All the results are accurate at least to the 
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nearest 0-25 kg.-cal. The theoretical interest of such heats of solution is considerable 
inasmuch as they can be used to evaluate the heat of solvation of ions, and thus to throw 
light on the nature of ion—solvent interaction. 

The integral molar heat of solution, L,, is defined as the heat evolved when 1 mol. of 
solute dissolves in the amount of pure solvent necessary to give a solution of final concen- 
tration c; the value of L, when extrapolated to c = 0 is denoted by Lp, the integral molar 
heat of solution at infinite dilution. The process of solution at infinite dilution may be 
considered to take place in two stages: (i) 1 mol. of solute is evaporated into a vacuum; 
(ii) the molecules of rarefied vapour are dissolved in an infinite amount of the pure solvent. 
The absorption of heat accompanying process (i) is denoted by +- U and may be called the 
lattice heat ; the heat evolved during process (ii), which is the molar heat of solvation,* is 


denoted by + W. Then 
et Sy dt sr a a a en a 


If the solute is an electrolyte, a free-energy term corresponding to U can be calculated from 
X-ray and compressibility data for the case when the vapour is assumed to consist of 
isolated ions. The latter quantity is called the lattice energy G, and is usually assumed to 
be equal to U. There may be said to be one W term for each ionic species in the crystal ; 
i.¢., for a uni-univalent electrolyte, if the rarefied vapour referred to is ionised, W = Wt 
+ W-, where W* and W~- denote the molar heats of solvation of the cation and the anion 


respectively. Then 


Laer... « saa 2 


The lattice energies of the alkali halides range from 278 kg.-cals./mol. for lithium fluoride 
to 132 kg.-cals./mol. for cesium iodide, the accepted values being probably correct to about 
2%; in many other cases the lattice energy cannot readily be calculated. Since Ly can 
be measured with an accuracy of about 0-1 kg.-cal., errors of 2% in the lattice energy are 
relatively serious. Another difficulty associated with this equation is that no experimental 
means has yet been devised for dividing W into its two components Wt and W-. 


The uncertainties connected with the lattice energies of crystals may be eliminated by 
measuring the heat of solution of a salt in more than one solvent; ¢.g., 


Lomeon = — U + Witeon + Writeon 
Inno = —U+Wit,o + Wino 
so that, by subtraction, the lattice energy disappears : 
Lomeon — Lon.0 = (Witeon + Witeon) — (Witso + Waio)- 


By eliminating U in this way, the measurement of Ly in more than one solvent increases 
some ten-fold the accuracy with which heat content changes due to ion-solvent interaction 
may be studied. 

Some information is already available as to the free-energy changes associated with 
ion-solvent interaction from measurements of E.M.F., solubility, vapour pressure, and 
partition coefficients (see Bell, Ann. Reporis, 1933, 30, 16). On the other hand, little is 
known of the heat-content changes, whose interest is enhanced by Lange’s work on heats of 
dilution, which indicates that specific effects due to the nature of the electrolyte are more 
marked in this case than in that of the corresponding free-energy changes. 

The molecular model which has attracted most attention in the theory of solutions is 
that of the ion considered as a sphere with a charge uniformly distributed over its surface 
and immersed in a continuous medium (the solvent). The principal object of the present 
work was to examine the extent to which the heats of solution of electrolytes conform with 
this idealised model, first put forward by Born (Z. Physik, 1920, 1,45). Assuming that an 
ion of charge e behaves like a sphere of constant radius a, and that the solvent behaves like 

* This term is conventionally applied to the heat content change accompanying the transfer from 
a vacuum to the given solvent; it is thus a special case of a “‘ heat of transfer.’’ The term is an 
unhappy one in so far as the forces envisaged by the Born-Bjerrum equation are not those of solv- 
ation in the accepted chemical sense. 
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a completely homogeneous medium of dielectric constant D, Born calculated the energy 
required to charge 1 g.-ion in a large volume of solvent as 


er 


where W,° represents the energy in cals./g.-ion, J is the mechanical equivalent of heat, and 
N is Avogadro’s number. If the process of charging is regarded as taking place at constant 
temperature and pressure, W,° represents a contribution to the partial molar free energy 
of the electrolyte. Equation (3) can be extended to calculate the electrical contribution to 
the partial molar free energy of transfer of ions from the rarefied vapour into a solution of 
limitingly low concentration. This quantity may be regarded as the electrical contribution 
to the free energy of solvation of the ion and, since the dielectric constant of a vacuum is 
unity, is given by the equation : 


AWS=NeX(1—1/D)/(2DaJ . . . .... 4) 


Free energies of individual ions, as opposed to those of electrolytes, cannot be measured, so 
this equation is tested by considering an electrolyte containing va, vg . . . ions of sorts «, 
8 .. ., of charges z,, zg, . . . and of radii a,,ag ... Since the electrolyte as a whole is 
electrically neutral, 2v.z. = 0, and 


ave = Fo [3% |[1 5 | i.e cat cad arora 


By using the Gibbs—Helmholtz equation, equation (5) can be converted into an expression 
for the electrical contribution to the heat of solvation, and if the ionic radii are assumed not 
to vary with temperature, it becomes the Born—Bjerrum equation (2. physikal. Chem., 1927, 


127, 369) : 
ate = Fe [s"=|[1- 51+ 57)) er 


If the molecular model of Born is accepted, and it is assumed that the heat of solvation of 
an ion is exclusively due to its electrical charges, AH,® must represent the true heat of 
solvation of an electrolyte. The difference between the corresponding values of AH,° for 
the same electrolyte in two solvents is the heat of transfer from one solvent to the other, 
and should, on the above hypothesis, be equal to the difference between the integral molar 
heat of solution at infinite dilution of the electrolyte in the two solvents. The measure- 
ment of heats of solution of electrolytes at high dilution in a range of solvents, therefore, 
affords a direct test of the Born—Bjerrum equation and of the molecular model on which it 
is based. 

Before proceeding to the results of this experimental test, the grounds on which the ultra- 
simple Born model is open to criticism may be indicated : 

(i) It is not permissible to neglect all forces other than the electrostatic forces round the 
ion. Not only would other “ non-electrical ’’ forces be anticipated on general theoretical 
grounds, but their existence is demonstrated experimentally by Lannung’s experiments 
(J. Amer. Chem. Soc., 1930, 52, 68) on the heats of solution of the inert gases in different 
solvents, which sometimes amount to 3 kg.-cals./mol. 

(ii) The Born calculation of the electrostatic energy needed to charge the ion treats the 
solvent as a continuous medium and neglects its structure. Electrostriction and electrical 
saturation must both play important parts in altering the properties of the solvent in the 
immediate vicinity of the ion which is the seat of the greater part of the energy. Further, 
it is conceivable that ions of different sign will orient the solvent molecules in different ways, 
and thus lead to characteristic differences between anions and cations. 


* Strictly the expression on the right-hand side ought to include two additional terms: 
+ RT*@ In V/@T), — RT, where V is the molar volume of the pure solvent. The derivation of these 
terms will be discussed in a later theoretical paper. The latter and larger disappears for heats of 
transfer, and the former, ranging from 0°05 to 0-2 kg.-cal., is too small to affect the conclusions of the 
present paper. 
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(iii) It is difficult to define the radius a other than as an electrostatic capacity. The 
possibility that a varies from solvent to solvent is not susceptible to experimental test, since 
the work of charging an ion cannot be measured directly. This difficulty is also illustrated 
by trying to assign a priori a value of a to the picrate ion with its negative phenolic oxygen 
and three polar nitro-groups. 

The results of the present work will be seen to show that the Born—Bjerrum equation 
for heats of solvation is inadequate. The equation breaks down in relation to the predicted 
effect both of (i) the dielectric constant of the solvent and of (ii) the radius of the ions. 
Specific short-range forces seem to be important and, in particular, characteristic differences 
between cations and anions are suggested by our results. 


EXPERIMENTAL. 


Materials.—The solvents used were prepared by the technique employed in the researches 
on conductivity carried out in this laboratory (Proc. Roy. Soc., 1931, 126, A, 84; J., 1931, 201, 
215). The salts were recrystallised specimens of a high degree of purity; they were dried to 
constant weight in an electric oven, reduced pressure being used if they were liable to 
decomposition. 

Heat Capacity.—The heat capacity was calculated from the known heat capacity of calori- 
meter and air-gap, together with that of the solvent, that of the solute being negligible. The 
following specific heats at 20° were adopted : water 0-999, methyl alcohol 0-600, ethyl alcohol 
0-570, nitromethane 0-400, nitrobenzene 0-350, acetone 0-528. 

Extrapolation of Heats of Solution to Infinite Dilution.—The heats of solution were mostly 
measured at concentrations of ca.0-01N. The extrapolation to infinite dilution was carried out 
by the corrected form of the heat of dilution equation put forward by Scatchard (J. Amer. Chem. 
Soc., 1931, 58, 2037) and by Gatty (Phil. Mag., 1931, 11, 1082). The correction at N/100 varies 
from 0-046 kg.-cal./mol. for water to 0-65 kg.-cal./mol. for ethyl alcohol. The application of a 
theoretical correction instead of an experimental one introduces an uncertainty which may 
amount to 0-1 kg.-cal./mol., but this is practically eliminated in the “differential heats of 
transfer ’’ to be considered later. 

In Table I are listed the individual determinations at 20° + 0-4°, uncorrected for small 
variations in the initial temperature. Col. 1 gives the electrolyte, col. 2 the concentration c in 
mols. /l. of the final solution, col. 3 the observed heat of solution in kg.-cals./mol. (Z,-), col. 4 
the corresponding value extrapolated to infinite dilution (L»), and col. 5 the weighted mean value 
adopted. 


TABLE I, 


Heats of solution in water. 
6 | To. Mean. Salt. c. , 


6011 
6°004 
5°986 
4:241 
4°150 
1-603 
1659 
7191 
7°269 
7°360 
7°220 
7514 
6-880 
7°497 
7°332 
7172 
7°144 
7°129 


0°0427 

0-0080 

0-0204 

0-0297 

0°0327 

0-0301 

0°0223 

0-0391 

0-0332 

0:0359 

9 0°0292 
NaBr 0°0142 
Nal 0°0129 
” 0-0183 
NaClO, 0°0045 
ss 0-0061 
NaPic 0:0075 
NMe,Cl 00100 
” 0:0087 


8°476 
3°776 
1171 
1154 
1057 
1-097 
1-120 
1-100 
1164 
1-169 
1-146 
0-041 
1-538 
1577 
3°536 
3°536 
7°663 
1182 
1°133 


‘570 + 85,  NMe,Br 0-0061 

_~ 3-7, 7 00102 

. 00094 

NEt,Cl  0-0058 

> 00061 

NEt,Br 0-0048 

i 0-0065 

NE?t,C1O, 0-0096 

* 09-0101 

NEt,Pic 00099 

3 0-0098 

0-013 + 0-01 0-0045 

1-590 0-0044 

1-680) + rél 0:0096 

35071 9.5 0-0048 

3-506) — 3° 0-0097 

7-623 — 7-62 0-0097 

1147) 49 0-0045 
1-091 
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* The measurements of Lipsett, Johnson, and Maass (J. Amer. Chem. Soc., 1927, 49, 1940) extra- 
polated to infinite dilution lead to a value of —1°07 kg.-cals. The value —1-08 is obtained from the 
calculated heat capacity of the calorimeter, 10-52) cals./degree, which is used throughout this 
paper, 








Salt. Ce 

0°-0078 
0°0110 
0°0495 
0°0162 
0-0080 
0°0091 
0-0048 
0°0536 
a 0°0084 
0-0107 
0°0099 
0°0043 
0°0161 
0°0157 
0°0061 
0°0043 
0°0070 
0°0122 
0°0121 
0°0129 


0°0072 
oe 00144 
0°0158 
0°0075 
0-0103 
os 0°0044 
0-0082 
0°0095 
oe 0-0091 
eo 0°0173 
0°0095 
0-0039 
0°0055 
0°0083 


0°0046 
0°0051 
0°0053 
oo 0-0052 


0-0106 
a 0°0096 
a“ 0°0018 
am 0-0022 
os 0°0199 
oe 0°0095 
es 0°0181 
os 0°0206 


l+t+++++444+ 


++I 1 


ee 


2°388 


2°554 
2-773 
2-598 


TABLE I (conéd.). 
Heats of solution in methyl alcohol. 


Le Mean. Salt. rm 
412-850 KNO, 00-0092 
412-462 NMe,Cl 0-0079 
411-944} +12°3, ss 0-0087 
+11-892 NMe,Br 00068 
+12°949 a 0-0086 
+ 1305 + 1:30 NEtCl 0-0085 
+ 2-554 % 0-0041 
4 2-499 NEt,Br 00-0051 
+ il 2°50 a 0-0051 
4+ 2433 NEt,ClO, 0:0101 
+ 4096 h- 0-0104 
+ 4-506} + 430 NEt,Pic 0-0087 
+ 7-489 0-0087 
+ reas} t 753 ns 0-0046 
4. 2°547 4 0-0045 
+ soos t 2°62 " 0-0011 
— 1-964 — 1-9, * 0-0011 
— 1-413 — 1-4, 3 0-0197 
— 1-067 — 1-0, # 0-0196 
+ 0647 + 06, 

Heats of solution in ethyl alcohol. 
+13°388) KI 0-0100 
+12:537'+12-9,  NMe,Cl 0-0078 
+12-870} » 0-0076 
+ 2969 + 29,  NMe,Br 0-0031 
+ 2-602) p3 0-0028 
+ 2°702' 4. 2-65 “ 0-0028 
4+. 2-646 NEt,Cl 00-0049 
+ 5576 “4 0-0047 
+ 5874| 5.9 NEt,Br 00-0056 
+ 6025 | 0 jh 0-0056 
+ 5°736 NEt,Pic 0-0077 
a 0°642 \ + 08. ” 0°0055 
+ 1133) , ” 0-0056 
— 0-420 — 0-4, ‘ 0-0066 

Heats of solution in nitromethane. 
ws 4007) _ aig  NEtBr 0-0056 
— 4133 0-0020 
+ 0612 NEt,C1O, 0:0096 
+ en) + 0°59 « * 90095 


NEt,Pic 0-0127 
Heats of solution in nitrobenzene. 





2-387) NEt,Pic 0°0099 
2-266 . 0-0097 
2-595 «i 0-0050 
2-344; — 2°40 "Soo 
2-345 we 0-0012 
2-489 0-0066 
2-293 Mi 0-0059 


Heats of solution in acetone (approx.). 
NEt,Cl, L. = 0-0; NEt,Br, Ly =o 3°3 kg.-cals. 


DISCUSSION OF RESULTs. 
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Be. 
4443 
3-395 
3-464 
7-224 
7205 
0-061 
0-154 
4:558 
4°580 
8-512 
8-479 
8-166 
8-237 
8576 


8°323 
8-429 
8°676 
8°567 
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—e 
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9°127 


2-609 
2-676 
2-510 
2°484 
5-869 


5°204 
5°145 
5220 
5237 
5-408 
5°273 
5°369 
5-405 
5°389 
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Lo. Mean, 
4185 — 41, 
3-147 
oaer} — 318 
7-007\ _ 
6-962 
0-301 
eat} + 
4370\ _ 
4-392 
8-253 | _ 
8-220 
7-923 


6°98 
0°31 
4°38 
8°24 


2°558) _ 
2-623 
2°443 
2-417 — 
5-784 — 


to 
cr 
oOo 


a ty 
a 
ve 


ao 


4-993 ) 
4°945 
5-070 
5-086 
5°334 } — 
5-199 
5-197 
5°243 
5°145 


5:20 





The above results have been collected from work extending over a number of years, 
during which the apparatus and technique have steadily developed. The standard of 
accuracy is therefore by no means uniform. The most accurate group of results is that for 
the tetra-alkylammonium halides, those for tetraethylammonium picrate in all solvents, 
and for the potassium halides in methyl alcohol, being least accurate. 

The results are discussed under two main headings: (1) heats of transfer of electrolytes 
at high dilution from one solvent to another; (2) differences between the heats of transfer 
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of two electrolytes having a common ion from one solvent to another, as derived from the 
most accurate group of results, followed by a general survey of these “ differential heats of 
transfer ”’ derived from the less accurate measurements of the remainder of the electrolytes 
so far investigated. The first of these headings provides an extensive test of the Born— 
Bjerrum equation as an expression for molal heats of transfer at high dilution. The second, 
while illustrating the order of accuracy obtainable with the calorimeter, throws further 
light on the problem of ion-solvent interaction. 

(1) Heats of Transfer—The heats of transfer of electrolytes from one solvent to another, 
calculated from the values for Ly, are given in Table II, where the symbol Ag represents 
(Ly in solvent A) — (Ly in solvent B). The line enclosing the results for the tetra-alkyl- 
ammonium halides indicates the higher degree of accuracy of this group of measurements. 
The data for the potassium salts in water are derived from the work of other authors, vzz., 
KCl (Lange and Monheim, Z. Elekirochem., 1930, 36, 772), KBr and KI (Wust and Lange, 
Z. physikal. Chem., 1925, 116, 161), and KNO, (Monval, Ann. Chim., 1925, 8, 72). 


TABLE II. 
MeOH EtOH EtOH MeNO, MeOH EtOH 
4y,0 ° ‘4H,0 ° Ameon’ ‘4,0 ** Ameno,” 4MeNO,’ 

NMe,Cl ...... —2-0640°08 —2:4040°07 —0°34+0°07 
NMe,Br ...... —1-02+40°05 —1:2040°12 —0-1840°13 +1°8440°05 —2°86+0°06 —3-04+40°13 
NEt,Cl*...... —3°92+0°07 —4-754012 —0°83+40°07 —3°64+0°09 —0-2840°04 —1-11+40°09 
NEt,Brf...... —2°78+0°06 —3-6640°06 —0°88+0°04 —0°9940°06 —1:7940°06 —2-67+0-°06 
||» See +3°8, +43, +0°5, 
| ares +3°5, 
RADE. occssness +43, +2°6, —1+6, 
a 59, +41, —1-7, 
NaClO, eeeeee +61, +4°4, —1 73 
| __” rEN +2°9, 
BBE ccccensce +3°9, 
KI Perron eseeee +5°7, +4, —l’; 
|< Severe +43, 
NEt,Pict ... —0°9, —1-7,; —0°7, +1°4, —2°4, —31, 
NEt,ClO,§... —1°0, +47, —5°8, 
+ AMeNO, _ . MeNO . PhNO, _ . PhNO, _ ’ 

AcOMe, = a 0 6. Tt AcoMe, => oo 0 Se t AMeNO, = +f 0 5g. § AMeNO, = -b 0 03. 


When applied to the heat of transfer of an electrolyte at great dilution between two 
solvents A and B the Born-Bjerrum expression becomes 


rman Meares LO) Al E GI 

to — Le = 8 =F 2G Ips t+ sar) ~ DU t+ ars) | 
In this expression No, J, the v's, ¢?, and z*’s are positive. The ions cannot be supposed to 
have a negative electrostatic capacity, and therefore their radii (2) must be assumed to be 
positive. Thus the sign of A‘ must be the same as that of the term included in the second 
square bracket on the right-hand side of equation (7). 

_ The latter term depends only on the physical properties of the solvents A and B. Fora 
given electrolyte, therefore, the heats of solvation in a series of solvents should be pro- 
portional to the values given in Table III. Thus for electrolytes the heats of solution in the 


TABLE III. 
1 T o) 1 r(5r) ] 
Solvent. [2 a mat + age | ‘ Solvent. [2 -3{} + \aT ,} : 
eae 1-0045 eae te Roce 1-0153 
COMe, etsuvdebiessdiccudceltee 10071 PMT tah icensesdadaboccooces 1-0190 
MeNO, eomageddbibidedéasics dad 1-0073 TRMRPEE cibdisidecédicccddéesss 1-0372 


six solvents should be lowest in water and should increase in the order given in the table. 
Consequently, the heat of transfer of any electrolyte from a given solvent to one lower in 
the table must be positive, and to one higher in the table it must be negative. 
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Since all the heats of solution observed are low in comparison with the lattice energies, 
it is clear that heats of solvation (or transfer from vacuum to a given solvent) are always 
positive, as theory demands. When, however, the transfers from one solvent to another 
are investigated, a wide discrepancy between observation and theory is revealed. In 
Table II the signs of the heats of transfer are so arranged that they should all be positive if 
expression (7) is correct. For almost every pair of solvents both positive and negative 
heats of transfer are to be found. For a quantitative account of the facts, then, the Born- 
Bjerrum expression is totally inadequate. Its failure is illustrated in yet another way by 
considering the differences of the heats of transfer of two salts with a common ion, called for 
convenience “ differential heats of transfer.” 

(2) Differential Heats of Transfer.—In the first place these quantities may be used to 
test the over-all accuracy of the experimental work, since, if the heats of transfer at high 
dilution are assumed to be additive properties of the constituent ions, the difference between 
the heat of transfer of two ions must be independent of the common ion of opposite sign with 
which they are associated ; alternatively, the assumption of additivity can be tested within 
the limits of experimental error. In the second place, these values afford indications as to 
how and why the Born-Bjerrum equation breaks down. The data for certain transfers are 
given in Table IV. 

TABLE IV. 


From water to methyl alcohol. 
[NMe,-NEtyla = + 1°86 + 0°15\ Mean, + 1°80 + 0°13. 
[NMe,-NEt,|pr = + 1°76 + 0°11) Obs. diff., 0°10. 
(Cl-Br] nme, = — 1:04 + 0°13\ Mean, — 1:09 + 0°13. 
(Cl-Br]nrt, = — 1:14 + 0°13J Obs. diff., 0°10. 

From water to ethyl alcohol. 
[NMe,-NEtylan = + 2°35 + 0°19\ Mean, + 2°40 + 0°19. 
[NMe,-NEt,|ar = + 2°46 + 0°18 Obs. diff., 0-11. 
[Cl-Br] nme, = — 1:20 + 0°19\ Mean, — 1°15 +. 0°19. 
(Cl-Br]net, = — 1-09 + 0°18f Obs. diff., 0-11. 

From methyl alcohol to ethyl alcohol. 


[NMe,-NEt,]a = + 0°49 + 0°14\ Mean, + 0°60 + 0°16. 
[NMe,-NEt,]sr = + 0°70 + 0°17/ Obs. diff., 0°21. 


[Cl-Br] nme, = — 0°16 + oa — 0°05 + 0°16. 
[Cl-Br] net, = + 0°05 + 0°11) Obs. diff., 0°21. 
From water to nitromethane. 

[NMe,-NEt,]pr = + 2°83 + 0°11; [Cl — Br)we, = — 2°65 + 0°15. 
From nitromethane to methyl alcohol. 
[NMe,-NEt,]ar = — 1°07 + 0°12; [Cl — Br)wm, = + 1°51 + 0°10. 
From nitromethane to ethyl alcohol. 

[NMe,-NEt,]ar = — 0°37 + 0°19; [Cl — Br]wm, = + 1°56 + 0°15. 


These figures show that, within the limits of experimental accuracy, the independent heat of 
solvation of the ions of a salt at high dilution may be taken as established to the nearest 
0-2 kg.-cal. On grounds of general plausibility, it therefore seems likely that it is exactly 
true if Ly is extrapolated back from sufficiently low concentrations. 

In order to see what light differential heats of transfer throw on the problem of the failure 
of the Born—Bjerrum equation, the data are collected in Table V. The results for the tetra- 
alkyl halides are some 4—5 times as accurate as any of the others tabulated ; mean values 
are given where more than one was available. 

All the pairs of ions in Table V have that ion placed first whose radius in the crystal is 
the smaller. If, therefore, the Born—Bjerrum equation were correct, not only as regards 
the influence of the solvents but also in the way it introduces ionic’size, it is clear that every 
differential heat of transfer quoted in the above table should be positive. 

As with single heats of transfer, this is clearly not thecase. This confirms the inadequacy 
of the expression, but a surprising feature appears in Tables IV and V. The consideration 
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TABLE V. 
Pair of ano" AEtOH | AEtOH AMeNO, AMeOH | AEtOH 
ions. H,O MeOH * H,O — MeNO,” MeNO,” 
NMe,-NEt, +1: - +0713 +2°404+019 +0°60+0°16 +42°83+0°11 —1:0740712 —0-37+0°19 
Sire —1:0940°13 —1:1540°19 —0-0540°16 —2°65+4-0°15 +1:5140°10 +1°56+0°15 
— —1°6, —1°5, +00, 
Cl’-NO,’...... —13, 
oon .. <8, —8°3, 
Cl’-Pic’ ...... —2-9, —50, 
Pt ere —2°3, 
Li’-Na’ ...... +0°2, 
ee +0°6, —0°; =, 
Na’—-NMe,’ +5°4, 
Na’-NEt, ... +7°2, +6°3, —0°7, 
Br-ClO,’ ... —1°8, —14, —5°7, +40, 
Br’-Pic’...... —1°8, —1-9; —01; +0°6; +0°5, 


MeNO 
* Acome, = + 1. 


of an additional variable, viz., the sign of the ionic charge, makes the deviations more 
systematic. In five out of the six pairs of solvents that have been given a fair test, it is seen 
that the differential heats of transfer for pairs of cations all have onesign, while the differential 
heats of transfer of anions for the same pair of solvents all have the opposite sign. The case 
of the solvent pair, methyl and ethyl alcohols, appears to be anomalous in this respect. 
It may also be objected that the relative sizes of the nitrate, perchlorate, picrate, and 
iodide ions (where size is to denote electrostatic capacity) are in some doubt owing to lack 
of spherical symmetry, the dipole moments on the picrate ion, etc. Thus, if the iodide were 
regarded as smaller than the perchlorate ion, this would cause a failure of the rule for 
[I-ClO,] from water to methyl alcohol. Even admitting these uncertainties, it seems that 
Table V lends support to the view that ionic size often affects the heats of transfer of cations 
and anions in opposite senses. The evidence is far from conclusive, but the table indicates 
that the simple calculations of Born have overlooked a factor depending on the sign of the 
charge on the ion, though the factor may well be due to secondary interactions due to short- 
range forces. 

Another fact that emerges is that Cl-Br has a transfer of smaller numerical magnitude, 
irrespective of sign, than Br-I; similarly that Li—Na is smaller than Na-K, which in turn is 
less than NMe,-NEt,; this is unexpected, since with increase in absolute ionic size, the 
differential heats of transfer might be expected to fall off in magnitude. Since the sign of 
transfer of Cl-Br and Br-I is different from that of the pairs of cations, this may not be a 
significant observation. Nevertheless, it appears that the Born—Bjerrum equation is 
definitely wrong in many cases in its prediction as to the effect of ionic size on heats of 
transfer. 

Another tabulation that brings out the anomalous nature of the results is given in 


TABLE VI. 
H,O\ 081 MeNO,) 125 MeOH) 034 EtOH 
L, for NMe,Cl......... iis} —> —100 —> —si0l —> _san 
MeNO,\ 184 H,O) 102 MeOH) 018 EtOH 
L, for NMe,Br ...... 413} —> —526f —> —698f —> —7 16 
H,O\ 364 MeNO,)\ 098 MeOH) 03 COMe,\ 02 EtOH 
L, for NEt,Cl......... + 4:23 +0" Oa} —> +4031f > 0-0 — _ 0-52 
H,O\ 099 MeNO,\ 071 COMe,\ 108 MeOH) 088 EtOH 
Ly for NEt,Br......... _ thot —> —s06) —> —33°) —> — ass) —> —5-28 
+ 1°81 +0°60 +0°37 
A[NMe,-NEt,] eeeeee H,O —_ MeOH _—_- EtOH _—_- MeNO, 
—1°09 —0°05 —1°46 —0°1 
ALCI-Ber) «20000500000 H,O ——> MeOH ——> EtOH ——> COMe, ——> MeNO, 


Table VI. On the not unreasonable assumption that the heat of transfer of the smaller 
halogen ions would predominate over those of the large tetra-alkylammonium ions, it would 
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be expected that the gradation of solvents would be the same for all the above salts; the 
variations in order show that the heat of transfer of anion and cation must be comparable 
in magnitude. 

The significant feature of the differential heats of transfer for [Cl-Br] is the sharp 
transition from water to the alcohols, and later that from the alcohols to the non-hydroxylic 
solvents. If the water molecule is regarded as having two hydroxylic hydrogen atoms, 
these figures suggest a correlation between the heats of solvation of halogen ions and the 
number of hydroxylic hydrogen atoms per solvent molecule. 

We may summarise our conclusions as follows: (1) The Born—Bjerrum equation for 
heats of transfer of electrolytes at great dilution from one solvent to another is totally 
inadequate. (2) The failure is apparent in the case of one electrolyte throughout a variety 
ot solvents, and this shows that the term involving the solvent properties is at fault. (3) 
The equation also fails to predict the effect of ionic size on the magnitude of heats of transfer. 
(4) Some effects are specific and may indicate the importance of short-range forces; in 
particular, co-ordination between anions and hydroxylic hydrogen atoms may be a signi- 
ficant factor. (5) There are indications of characteristic differences between the heats of 
solvation of cations and anions. 

Conclusions (1)—(3) are not unexpected on general theoretical grounds, although the 
magnitude of the deviations could not have been predicted. 

In a later paper it is proposed to discuss the theory of ion-solvent interaction in greater 


detail. 
SUMMARY. 


1. The heats of solution of seventeen uni-univalent salts have been measured at high ~ 


dilution in a series of solvents. 
2. The experimental results have been shown to be quite inconsistent with the Born- 


Bjerrum equation for the heat of solvation of ions. 
3. The nature of the discrepancies is discussed. 


We wish to express our thanks to Sir Harold Hartley, F.R.S., for his advice and encourage- 
ment, and to the Government Grants Committee of the Royal Society for grants which defrayed 
the cost of part of the apparatus used. 


PHYSICAL CHEMISTRY LABORATORY, 
BALLIOL COLLEGE AND TRINITY COLLEGE, OXFORD. (Received, July 18th, 1934.] 





301. The Thermochemistry of Solutions. Part III. Heats of Dilution 
of Electrolytes in Non-aqueous Solvents. 


By N.S, Jackson, A. E. C. Smitu, O. Gatry, and J. H. WOLFENDEN. 


THE calorimeter described in Part I has been used to measure the heats of dilution of a 
number of non-aqueous solutions of electrolytes. The scope of these measurements is 
more restricted than that of the survey of heats of solution in Part IT, and the results are 
not comparable in accuracy with those obtained by Lange’s differential technique 
(summarised in Chem. Reviews, 1931, 9, 89). Nevertheless, the data, covering 9 salts and 
4 solvents, are of value because existing data relate only to aqueous solutions. 

The heat of.dilution of the ideal electrolyte of the interionic attraction theory should 
be positive and vary linearly with the square root of the concentration (cf. Wolfenden, 
Ann. Reports, 1932, 29, 29); actually, however, for aqueous solutions of uni-univalent 
electrolytes, it is negative at concentrations above about N/20 (with a few notable 
exceptions such as the salts of lithium and of fluorine), and positive only at higher dilu- 
tions. Even at the highest dilutions, Lange and his collaborators found that, contrary 
to theory, the limiting slope of the plot of the integral molar heat of dilution against the 
square root of the concentration showed small individual variations from salt to salt. 
The persistence of these individualities down to high dilutions in such a solvent as water 
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might encourage expectations of an even greater diversity of behaviour in non-aqueous 
solvents of lower dielectric constant. It is accordingly surprising to find that, amongst 
the non-aqueous solutions investigated, heats of dilution are generally positive over the 


whole concentration range. 
In Table I is given the theoretical limiting slope (Gatty, Phil. Mag., 1931, 11, 1082) 


defined by the equation V, = A+/c, where V, is the integral molar heat of dilution 
(kg.-cals.) of a uni-univalent electrolyte from a concentration ¢ (in mols./l.) down to 
infinite dilution. The theoretical values of A, which refer to 20°, depend only on the 
properties of the solvent ; owing to the uncertain magnitude of the temperature coefficient 
of the dielectric constant of the various solvents, the values of A are not of a high order of 
accuracy. In Table II, col. 1 gives the salt; cols. 2 and 3 the initial and the final con- 
centration, c, and c, respectively; col. 4 the corresponding heat of dilution (kg.-cals./mol.), 
i., Ve, —V.,3 and col. 5 the function A’ = (V., — V,,)/(/c, — Vg), whose limiting 
value at infinite dilution should correspond to A in the theoretical equation. The heat 
capacities of the solutions have been taken as the sum of those of the constituents. 


TABLE I, 


Solvent. A (at 20°). Solvent. A (at 20°). 
, Nitromethane 0°68 


Methyl alcohol y Nitrobenzene 
Ethyl alcohol 


TABLE II, 
Heats of dilution in methyl alcohol. 


Co. Ve, = Veg: A - Salt, Cy. 
0-052 0°15 +1°9 NEt,Br 1-133 
0°036 0°08 +2°1 0°576 
0-023 0°10 +2°6 0-480 
0-008 «=: 02, +4", 0-291 
0°205 0°258 +1°39 0-192 
0°094 0°226 +1°55 0°137 
0-046 0°16 +1°67 0°095 
0°023 0°15 +2°5 0-069 
0-011 0°14 +2°9 0:045 0°022 
0°647 0-761 +1°976 0°045 0°022 
0°287 0°559 +2°08 0-034 0°016 
0°244 0°577 +2°06 0°016 0:0077 0-11 
0°143 0°370 +2°33 0°954 0°437 —0°027 
0-067 0°32 +2°67 g 0:073 0°025 0°18 
0-032 0°23 +2°85 0°365 0°164 0°28 
0-016 0°23 +4°4 Cl 0°162 0°069 0°65 
0-011 0°19 +3°5 
0°008 0°17 +46 
0°0035 0°12 +42 


Heats of dilution in nitromethane. 
NaClo, 0°008 0:06 +1°6 NEt,Pic.  0°025 
NEt,Pic. 0-097 0:06 +0°43 0°013 
0°012 0°045 +0°97 
Heats of dilution in nitrobenzene. 


NEt,Cl0, 00095 0-09 +2-0 NEt,Pic. 0100 0050 0-12 
0-025 00124 0:06 


+++ 1++++ 
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Heats of dilution in water. 
NaClO, 0°502 0233 —0°14 —0°62 AgClo, 0°512 0-221 —0:10 —0°41 
AgNO, 0°366 0-167 —013 — 0°60 0-211 0099 —0°03 —0°2 


* The values for sodium chloride are derived from heats of solution measured over a range of 
concentrations. 


In addition to the above quantitative results, two qualitative measurements showed 


that the heat of dilution of concentrated solutions of tetraethylammonium bromide in 
water and in ethyl alcohol was negative in both cases. 
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The most striking feature of the above results is that all the heats of dilution in non- 
aqueous solvents are positive with the exception of concentrated solutions of the tetra- 
ethylammonium salts in methyl and ethyl alcohols. Among the many factors which may 
cause the magnitude and sign of the heat of dilution of an electrolyte to deviate from the 
ideal behaviour, and particularly at higher concentrations, important parts must be played 
by the breaking down of “ ion-pairs” and by the higher-order energy terms of the ionic 
atmosphere. A convenient, if arbitrary, measure of the combined influence of these 
and similar factors may be obtained from conductivity data by calculating a “ true 
dissociation constant” in the manner described by Davies (J., 1933, 645). Mr. A. G. 
Ogston, of this laboratory, has made conductivity measurements, shortly to be published, 
of electrolytes in methyl and ethyl alcohols at 4°, 15°, and 25°; from the temperature 
coefficients of the “ dissociation constants’ derived from these measurements, he has 
calculated the ‘‘ heats of dissociation ” of nine salts in one or both of these solvents. The 
only salts showing a negative heat of dissociation are tetraethylammonium bromide, 
perchlorate, and picrate, whilst five uni-univalent salts with metallic cations show positive 
heats of dissociation. This positive correlation of sign between heats of dilution and 
“ heats of dissociation ” is evidently significant, although no quantitative agreement is to 
be sought. 

The heat of dissociation of an ion-pair is equal to the difference between the sum of 
the heats of solvation of the two ions and the heat of solvation of the ion-pair. Since 
it is not unreasonable to suppose that the latter quantity would be small compared with 
the former, it might be argued that, for a given salt in a range of solvents, negative 
heats of dissociation are most likely to occur in those solvents where the heat of ion 
solvation is lowest. On this basis it would be anticipated that, provided the correlation 
between heats of dilution and heats of dissociation be significant, negative heats of dilution 
would be observed in solvents where the heats of ionic solvation are lower than usual. In 
qualitative agreement with this expectation, it is found that negative heats of dilution are 
confined to the small group of salts whose heats of solution in the given solvent are lower 
than the corresponding heats of solution in water (cf. Part II). The scope of the measure- 
ments recorded in this paper is, however, too restricted for much significance to be attached 
to this correlation. 

It is also interesting to note that, whereas in water the values of A’ for uni- 
univalent salts are always /ess than the theoretical limiting value A, even at the highest 
dilutions measured by Lange, yet in non-aqueous solutions experimental values greater 
than A have been observed in two of the solvents studied. It is tempting to relate these 
deviations from theoretical behaviour to the existence of ion-pairs in solution, since, even 
in dilute solutions, the tetraethylammonium salts in methyl alcohol (with negative heats 
of dissociation) give smaller values of A’ than the salts with metallic cations (with positive 
heats of dissociation). 

A closer examination of our results shows that the observed facts cannot be interpreted, 
even qualitatively, in terms of “ heats of dissociation,” derived from conductivity measure- 
ments, so long as these are assumed to be independent of concentration. Inspection 
shows that A’ diminishes in magnitude with increasing concentration irrespective of the 
sign of the “ heat of dissociation.” The simple superposition of dissociation (with a heat of 
dissociation independent of concentration) upon the purely electrostatic heat of dilution 
would have led one to anticipate that A’ would diminish in magnitude with increasing 
concentration, for salts with a negative heat of dissociation (such as the tetra-alkyl- 
ammonium salts), but that the function would increase with increasing concentration 
for salts with a positive heat of dissociation. 

The failure of the simplified picture to represent the facts is not surprising when it is 
recalled that Debye and Hiickel treated electrolytic solutions as though the electrical 
contribution to the free energy of ion solvation could be regarded as independent of 
concentration and written down formally as a series of Born terms for ionic solvation at 
infinite dilution. In Part II, short-ranges forces and electrical saturation effects have 
been shown to invalidate the Born expression corresponding to the heats of ionic solvation 
at infinite dilution. It is therefore reasonable to expect that in concentrated solutions 
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the same two factors will prevent the ionic solvation terms from being independent of 
concentration. 
SUMMARY. 


(1) The heats of dilution of a number of salts in methyl and ethy] alcohols, nitromethane, 
nitrobenzene, and water have been measured. 

(2) Negative heats of dilution, which are so common in aqueous solutions, are com- 
paratively rare in non-aqueous solutions. 

(3) A positive correlation has been found between negative heats of dilution, on the 
one hand, and negative heats of dissociation and low heats of ionic solvation, on the 
other. 

(4) The second differential coefficient of the integral molar heat of dilution with 
respect to the square root of the concentration is found to be negative irrespective of the 
sign of the heat of dissociation of the electrolyte. The results can therefore not be explained 
even qualitatively by the simple superposition of incomplete dissociation upon the 
Debye-Bjerrum theory of heats of dilution. 


We thank the Royal Society and Imperial Chemical Industries, Ltd., for grants which 
defrayed the cost of part of the apparatus used in the above investigation. 


PHYSICAL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. (Received, July 18th, 1934.] 





302. The Laboratory Production of Sintered Glassware. 
By H. V. A. BriscoE and A. R. Lowe. 


In view of the increasing use of sintered-glass filter plates in laboratory apparatus, a method 
is now described whereby they may be prepared quickly and simply by anyone of average 
skill in glass-blowing. 

The most suitable glass for the purpose is undoubtedly “ Pyrex”; if other kinds are 
used, much more care must be taken both in the preparation of the plate and also in anneal- 
ing the whole apparatus after the plate has been sealed in. When working with “‘ Pyrex ” 
glass, however, no annealing is necessary, and the sealed-in plate withstands, for instance, 
the frequent and considerable changes of temperature to which it is subjected in the 
microsublimation apparatus. 

“Pyrex ”’ glass is powdered in an iron mortar until it passes a 60-mesh sieve. The 
powder is boiled with hydrochloric acid until the rust and dirt have been removed and it 
is quite white. It is then placed on an 80-mesh sieve and the finer particles are removed 
by prolonged washing and stirring. After draining on a porous tile, a little of the powder 
is moistened with a concentrated solution of commercial sodium silicate (water-glass). 
It is important to use only the barest minimum quantity of this binding agent, as every 
trace of it must be removed before the plate is finally sealed into the apparatus. The 
quantity required is merely that which is just sufficient to prevent the moulded plate from: 
disintegrating during the preliminary heating of the sintering process, 7.e., about 0-05 c.c. 
for 3—4 g. of glass powder. The powder is then moulded as follows: A brass tube (very 
conveniently a cork-borer) is chosen of the desired diameter, and a tightly fitting brass 
rod is inserted in it so as to form a cavity of the desired depth at one end, into which the 
prepared glass is pasted. This implement is then inverted over a porous tile, and con- 
siderable pressure applied through the plunger, which is for this reason left longer than the 
tube. When this has been done, the moulded plate is carefully detached on to a charcoal 
block by pushing and twisting the plunger. Without further drying, it is heated on the 
charcoal block, first gently with a smoky flame and afterwards with the full heat of the hand 
blowpipe flame. 

The heat of the slowly burning charcoal block affords a convenient means of conducting - 
the preliminary heating of the bottom and the sides of the plate, but the sintering process 
4y 
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is finally completed by turning the plate over and repeating the treatment given to the top. 
With “ Pyrex ”’ glass, it has not been found possible to fuse the powdered glass completely 
in an ordinary blowpipe flame, although, as might be expected, it is possible to modify 
appreciably the porosity of the finished plate by varying the intensity of heating during 
the sintering process. With powdered glass of the size mentioned, and moderately strong 
heating, the porosity of the finished plate approximates closely to that of the grade i.G.3. 
of the Jena classification. 

After cooling, the plate is boiled with water for some time to remove all traces of sodium 
silicate, and on drying is then ready for sealing into the length of tubing in which it is to 
be used. This operation is straightforward, and it may be said that the success or failure 
of the whole process is entirely dependent on the amount of sodium silicate used as a binder. 
If too little is used, the plate will crumble during sintering; if too much, the composition 
of the glass is so much altered that trouble will be experienced with “ cracking out ”’ of 
the plates after sealing. A little practice, however, will speedily enable the worker to 
decide on the correct amount of silicate and acquire the limited skill necessary in making 
sintered diaphragms which are perfectly satisfactory in use. 


IMPERIAL COLLEGE, LoNnpDon, S.W. 7. [Received, July 21st, 1934.] 





303. The Calibration of Ostwald Viscometers. 
By C. R. Bury. 


THE object of this note is to describe a convenient method of testing and calibrating an 
Ostwald viscometer : the disadvantages of previous methods are pointed out. 

The time of flow (¢) of a definite volume of liquid of viscosity (n) and density (d) through 
a capillary viscometer can be represented (see, ¢.g., Barr, ‘‘ Viscometry,” Oxford, 1931, 


p. 20) by the formula 
n/d = a(hy + he)t — bit, 


where a and # are constants characteristic of the instrument, and /, and /, are respectively 
the mean heads of liquid in the viscometer and in a manometer, containing the same liquid 
that is in the viscometer, which measures an external pressure used to force the liquid 
through the capillary. Under normal working conditions, no external pressure is used 
with an Ostwald viscometer (7.¢., 4, = 0). The second term on the right of the equation 
is the kinetic, or inertia, correction. 

The usual procedure (see, ¢.g., Applebey, J., 1910, 97, 2000) is to construct the instru- 
ment so that the kinetic correction is negligible, and to prove this by establishing that 
the product (h, + 4,)¢ is independent of /,, as it should be if the above equation is valid 
and if 5 is negligible. The disadvantage of this method is that it involves the measure- 
ment of ;. The method of Griineisen (Wiss. Abh. P.T.R., 1905, 4, 151), used by Applebey 
and by Merton (J., 1910, 97, 2454), is arduous and hardly affords the necessary accuracy. 
‘Washburn and Williams (J. Amer. Chem. Soc., 1913, 35, 737) stopped the flow of liquid 
half-way through a run and measured the difference in level of the surfaces in the two 
limbs with a cathetometer. The quantity measured, however, is not the mean head, 
though probably not very different from it. For the simplified case of a viscometer, the 
“ bulbs ” of which are tubes of uniform bore, it can easily be shown that the quantity 
measured by Washburn and Williams is ~//, /4,, whereas h, is (hy — hy) /log.(h,/h2) (Koch, 
see Barr, op. cit., p. 74), where 4, and hy are the initial and the final difference in level. 
In addition, the influence of surface tension was not considered, and refraction by the 
curved surfaces of the bulbs may cause appreciable error in observing the levels in the 
two limbs. 

Another view is that the kinetic correction can only be made negligible by reducing 

- the rate of flow to such an extent that trouble arises through the tendency of dust particles 
to choke the capillary at low velocities (Bingham, “ Fluidity and Plasticity,” 1922, p. 76). 
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The instrument is therefore designed so that the kinetic correction will be small, and the 
constant 0 is calculated from the dimensions of the apparatus by the equation 6 = mQ/8zxL, 
where m is a constant—the coefficient of the kinetic energy term—Q is the volume of 
the bulb, and Z the length of the capillary. This procedure assumes that the kinetic 
correction is applicable to the Ostwald viscometer, a fact which is open to doubt (see 
Hatschek, ‘‘ The Viscosity of Liquids,” 1928, pp. 22, 28). In addition, the correct value 
of m is still uncertain, two most used values, 1-00 and 1-12, differing by more than 10%, 
and the exact length of the capillary of an Ostwald viscometer cannot be determined since 
it tapers at the ends. 

The method now advocated is to find the times of flow for a number of external pres- 
sures, as in testing for the constancy of (h, + ,)¢, and to calculate from these the quantity 
h’, defined by the equation h’ = h,t/(t, — 4), where ¢) is the value of ¢ when 4, = 0. On 
plotting /’ against 1 /¢, a graph is obtained from which the characteristics of the instrument 
can be calculated as shown in the following example. 

Details of a series of determinations are given in the table. The apparatus was similar 
in principle to that of Applebey, but modified to give higher external pressures. The 
capillary of the viscometer used was 10-9 cm. long (approx.) and of radius 0-0245 cm. 
(calc.), and the volume of the bulb was 7-99 ml. The liquid used was water, and the tem- 
perature 25°. On plotting the calculated values of h’ against 1/¢, it is found that the points 
lie, within the limits of experimental error, on a straight line given by the formula h’ = 
11-49 +. 35-9/¢ (in cm.)._ The values given in col. 4 of the table have been obtained from 
this formula. Now, from the fundamental equation, it follows that h’ = h, + b/atot. 
Comparison of these two formule shows that 4, = 11-49 cm. and that b/aty = 35-9 cm./sec. 
To calculate b from this, the product af, can be found with sufficient accuracy from the 
fundamental equation by assuming that 6 = 0, putting 4, = 0, and substituting the known 
values of 9, d, fj, and h,. The product ah, is then found by substituting the known values 
of n, d, 4g, and b in the equation. The formula for the viscometer was thus found to be 


n/d = 0-00001838 ¢ — 0-0278/¢. 


Calculation of 6 from the dimensions of the apparatus, as described above, putting 
m= 1, gave the value 0-0292. The kinetic correction term amounts to about 0-6% of 
the total when water-is used in the viscometer, and an error of 16% in determining 6 will 
not cause an error of more than 0-1% in the viscosity of a liquid provided that ¢ for this 
liquid be greater than /, (water) /+/2, or 350 secs. 

The method has been tested in other series in which (a) the working volume of liquid 
was altered, thereby altering h, and ¢,; (b) lower pressures were used, which increases the 
experimental uncertainty and gives rather erratic results; and (c) another viscometer was 
used, 

h’, cm., calc. from h’, cm., calc. from 








h., cm. t, secs. h, and ¢. linear formula. he, cm. t, secs. h. and #. linear formula. 
— re) — 11°49 47°94 97°8 11°91 11°86 
0 491°4 — 11°56 54°22 88°5 11°91 11°90 
17-02 200-0 11°68 11°67 61°72 79°7 11°95 11°94 
20°57 178-0 11°69 11°69 72°70 69°7 12°02 12-00 
23°77 162-2 11-71 11°71 81-61 63°2 12°05 12°06 
25°10 156°4 11-72 11°72 82°96 62°3 12°05 12°06 
34°76 124°3 11°77 11°78 90°41 58:1 12°12 12°11 
44°85 102-7 11°85 11-84 92-00 57:0 12°08 12°12 
46°42 99°9 11°85 11°85 96°06 55°1 12°13 12°14 


There is essentially a greater chance of experimental error in the preliminary examination 
of a viscometer, either by testing the constancy of (4, + /,)¢ or by the method advocated 
here, than there is in using it for comparing viscosities, because a second physical measure- 
ment—that of a mean external pressure—is involved. There is probably a larger error 
in estimating this pressure than there is in measuring the time of flow. If a viscometer 
is tested over a narrow range of velocities, such as is likely to be used in practice, it is easy 
to overlook a kinetic correction that may not be negligible in use. To compensate for the 
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lower standard of accuracy attainable, it is essential to test a viscometer over a wider 
range of velocities than will be used in practice. 

In the above treatment, 4; has been regarded as a constant, which is not strictly true 
(Koch, loc. cit.). Neglect of this factor can hardly cause appreciable error, since, for all 
ordinary Ostwald viscometers, the increase of /, with 4, is very small. 


EDWARD Davies CHEMICAL LABORATORIES, UNIVERSITY COLLEGE OF WALES, 
ABERYSTWYTH. (Received, May 25th, 1934.] 





304. Ignition Temperatures of Gases. “* Concentric Tube” 
Experiments of (the late) Harold Baily Dixon. 


By H. F. Cowarp. 


DurinG the last eight years of his life, the late Prof. H. B. Dixon’s research was almost 
entirely concerned with determinations of the ignition temperatures of gases and vapours 
by two methods: (a) ignition by the heat of rapid compression, (d) ignition in the 
“concentric tube” apparatus. A summary of his work with the latter is presented here. 
It has been compiled, at the request of Prof. R. V. Wheeler, from a series of Reports 
submitted by Prof. Dixon to the Safety in Mines Research Board, for whom he made the 
experiments. In addition, an account is given of further work in a direction which Dixon's 
experiments had clearly indicated, and certain relations between some of his results and 
current theories of the ignition process are shown. 

In his experimental work Prof. Dixon had the assistance of Mr. W. F. Higgins, Ph.D., 
for seven years, and later of Mr. J. J. Gleadall. Since Prof. Dixon died, Mr. Gleadall and 
Mr. F. J. Hartwell have continued the work. To these three the writer is indebted for 
information supplementary to the Reports. 

The chief features of the following account are (1) a record of ignition temperatures, 
especially the “ rapid-ignition points ”’ of 0-5 sec. lag, of a number of gases and vapours in 
air and in oxygen, over a wide range of pressure ; (2) the discovery that the presence of small 
amounts of nitrogen peroxide in the atmosphere (air or oxygen) reduces the ignition points 
of gases generally, a discovery which Prof. Dixon invited Mr. C. N. Hinshelwood to follow 
up, with important results in relation to the theory of chain reactions; (3) the discovery 
that the presence of small amounts of iodine in the atmosphere raises the ignition points 
of hydrogen, carbon monoxide, and methane, and that various compounds of bromine raise 
the ignition point of methane; (4) a discussion of the results in terms of current theories. 

Much of the commentary on the experiments is derived from Dixon’s Reports, and the 
writer has no reason to think that he would not have accepted the concluding paragraphs 
of the paper. 

EXPERIMENTAL. 

The Concentric Tube Apparatus.—This apparatus was originally designed with the help of 
Mr. G. W. A. Foster. An atmosphere of air or oxygen was passed up through a wide porcelain 
tube, the temperature of which was slowly raised by an external electrically heated spiral of 
platinum wire. The inflammable gas was passed up a narrow tube, co-axial with the other, 
terminating in an orifice at the centre of the wider tube. By these means the gas and the atmos- 
phere were separately heated and continuously renewed, and the products of slow combustion 
were rapidly removed from the zone of reaction. As the temperature rose, a point was reached 
at which inflammation occurred ; this temperature was recorded by means of a thermocouple, 
protected by a thin quartz tube, just below the orifice of the inner tube. 

Several gases showed nearly constant ignition points in this apparatus over a considerable 
range of variation in (1) the rates of flow of gas and atmosphere, (2) the dimensions and (3) 
the materials of the tubes. Others, notably the paraffin hydrocarbons, were more affected by 
such variations in conditions (see Dixon and Coward, J., 1909, 95, 514). 

In his subsequent work with this apparatus, during the years 1922—1930, Dixon modified 
the earlier procedure. Instead of passing continuous streams of gas and atmosphere through 
the furnace as its temperature was raised, he made the current of gas intermittent, and recorded, 
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for a succession of temperatures, the intervals of time between the sudden turning-on of the gas 
and the appearance of flame. The temperature at which the gas lit with no more than a 0-5 
second interval he regarded as the important figure, for it approximated to his old definition of 
ignition temperature as that temperature to which the gases must be separately heated so that 
when brought into contact they will inflame immediately. He usually ascertained the temper- 
atures at which the gas lit after intervals of 0-5, 1, 2, 3, 5, and sometimes 7, 10, and 15 seconds. 

Some typical results are shown in Fig. 1. The rapid-ignition points (0-5 sec. lag) are at the 
left-hand ends of the curves, and are fairly well defined. It is not possible, however, to extra- 
polate to zero time and thus to deduce instantaneous ignition points, for it is probable from 
other experiments (cf. Naylor and Wheeler, J., 1931, 2456) that the curves would become 
steeper towards the left hand and would approach the axis of ordinates asymptotically. Dixon 
observed that when hydrogen was brought into oxygen, or air, the rapid-ignition points were 


Fic. 1. 
Typical observations showing the relationship of the temperature 
and the interval of time (‘‘ lag’’) between starting the jet of gas 
and its spontaneous ignition. 
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sharply marked, and concordant results were obtained in different pieces of apparatus. A very 
few degrees above the temperature at which the lag was 0-5 sec., the inflammation appeared to 
follow immediately the action of turning on the gas; 0-5 sec., which is easily timed, was therefore 
taken as the limit for rapid ignition. With methane and air, on the other hand, Dixon at first 
found it hardly possible to get concordant readings with a 0-5 sec. lag (Trans. Faraday Soc., 1926, 
22, 267), but later he obtained sharply marked ignition points with that lag by improving the 
arrangements for flushing the inner tube just before each trial. 

Some of Dixon and Higgins’s experimental results of this period have already been published. 
These are mentioned, but not repeated, in the following. Several sets of published figures were, 
however, revised by them as a result of improvements in technique ; these it has seemed desirable 
to incorporate. The publications referred to are: Trans, Empire Mining and Metallurgical 
Congress, 1924, 2304 A, p. 38; Rec. trav. chim., 1925, 14, 305; Mem. Manchester Lit. Phil. Soc., 
1925—6, 70, 31; 1926—7, 71, 15; 1928—9, 78, 21; Trans. Faraday Soc., loc. cit. 

The New Apparatus.—The apparatus represented by Fig. 2 was constructed for experiments 
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over a range of pressures, the extremes used being 50 mm.and llatm. The glazed silica cylinder, 
A, was 12 cm. in internal diameter, 65 cm. in length. It was within a clay tube B, wound with 
nichrome wire for electric heating. C is kieselguhr, insulating the heating element from the 
steelcase D. E and F are heavy steel end-plates, held against D by 12 bolts. The whole casing 
was tight, and maintained equal pressures inside and outside the silica tube. The central tube, 


Fic. 2. 


Concentric tube apparatus, for experiments 


under various pressures. 
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G, was of quartz, 4mm. external diameter, with an 
orifice of 2 mm. diameter, the rim of which was 
ground and lightly fused. A resistance thermo- 
meter was suspended in a silica cover, H. 
Ignition was observed through a small plate-glass 
window, J, with the aid of a mirror (not shown) 
above it. 

The inflammable gas entered the furnace 
through K, and the atmosphere through L and a 
baffle-plate above L. Unconsumed gases and 
products of combustion passed out through M. 
The supplies of gas and atmosphere and the 
discharge of products were controlled by suitable 
valves and measured by flow-meters. Between 
the gasholder and the furnace, taps (or quick- 
action valves) were placed so that, when one was 
full on, the gas could be regulated by the other; 
thereafter by turning on the first tap rapidly, the 
gas was admitted to the furnace at the right rate. 
A rough check on the adjustment of the gas 
supply was kept by means of a 3-way tap leading 
to (1) the inner tube in the furnace, or (2) a 
replica of that tube, standing in the air. The 
flow of gas was adjusted to give a flame of 
standard height on the second tube. 

Pressures up to 2 atm. were measured by a 
mercury manometer, higher pressures by a 
Bourdon gauge. Temperatures were measured by 
a platinum-resistance thermometer attached to a 
Whipple temperature indicator, sensitive to 0-5°. 
This instrument was checked from time to time, 
but only small corrections were necessary. 

The temperature of the furnace was recorded 
by one observer as it was slowly raised to the 
ignition point, while a steady stream of oxygen 
or air was passing up the wider cylinder. A 
second observer turned on the tap for a moment to 
fill the central tube, and then, after 2 or 3 secs., 
turned on the gas for 15 secs. or until it lit. The 
small amount of gas flushed out from the central 
tube did not ignite unless the temperature was 
close to the rapid-ignition point. The time 
intervals between turning the gas on and the 
appearance of flame were estimated, to 0-1 or 
0-2 sec., either by a stop-watch or by pendulums 
set to beat 0-5 and 0-6 sec. The gas was turned 
off immediately after ignition, to avoid over- 
heating the rim of the orifice. After an interval 
for the removal of the products of combustion, the 
operation was repeated at a temperature a few 


degrees higher, and so on, until the temperature corresponding to 0-5 sec. lag was reached. The 
observations were repeated with a slowly falling temperature until ignition could no longer be 
obtained. The ignition points for equal lag periods on the rising and falling temperatures were 
usually within 2° for the shorter lags. Each ignition point recorded in this paper is a mean, usually 
of some 4—6 observations which agreed within 2—4° for the shorter and 4—20° for the longer lags. 
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The apparatus described above was used for each series of experiments in which pressure 
was a variable, and for some others. When, however, Dixon experimented with nitrous oxide, 
he found that small amounts of nitrogen peroxide were formed, and that residual traces of the 
peroxide remained in the apparatus and affected subsequent determinations unless removed by 
a most laborious process. To meet this difficulty, he selected a smooth silica tube, 5 cm. in 
diameter, and built a furnace round it; the ends of the tube projected from the furnace, and 
therefore nitrogen peroxide could not diffuse into the kieselguhr packing and back again, as was 
possible previously. This apparatus (called below the ‘“‘ narrower apparatus ’’) was used for all 
experiments with nitrogen peroxide or inhibitors in the atmosphere. The change from the 
wider apparatus affected the observed ignition points of hydrogen, carbon monoxide, methane, 
and ethylene, but only by a few degrees. Fic. 3 
Other gases were not tested in the gue 
narrower apparatus, 

The rates of flow of the combustible 640, 
gas and the atmosphere are not always 
stated in the Reports, but it is clear 
that Dixon satisfied himself, for at least 620 
several of the gases tested, that the 
rates which he used were such that 
considerable changes did not appreci- 
ably affect the results. Had they done 
so, it is almost impossible that the 
striking relation between the pressure 
and the ignition point of hydrogen, and 
also of carbon monoxide (p. 1405), would 
have been discoverable. The rates 
chosen for experiments in the wider 
apparatus at atmospheric pressure were 
usually such as would give flames of 25 
or 30 mm. height when the gas was 
burnt at the external jet at room tem- 
perature and pressure. For experi- 
ments at lower or higher pressures the 
rates were reduced or increased corre- 
spondingly. For experiments in the 
narrower apparatus the rates were 
usually such as would give flames from es ’ at : h ; 

10 to 21 mm. in height at the external stata Canine 

jet. The rate of supply of air or oxygen was usually 3 c. ft. per hour in the wider apparatus, 
and 1—2 c. ft. per hour in the narrower; at other pressures than normal, the rate was altered in 
rough proportion. 

Hydrogen.—Hydrogen in air. The ignition points of hydrogen in air, dried by sulphuric acid, 
are given below for pressures up to atmospheric. Below 200 mm. the gas would not usually light 
with more than 3 secs. lag. These results, together with those obtained at pressures above 


Ignition points of hydrogen in air (dried by sulphuric acid). 


Ignition points of hydrogen in dry air. 
Pressure, mm. 


200. 300. 400. 500. 600. 760. 
553° 574° 594° 610° 620° 630° 
549 568 588 604 613 619 
546 565 579 594 600 603 
543 563 575 586 592 595 
541 560 572 580 585 588 
539 557 569 576 579 582 
1 538 554 566 572 575 577 
1 — — 563 —_— 570 572 





atmospheric, are shown in Fig. 3. The ignition points at all lags pass through a flat maximum 
between 1 and 2atm.; they fall sharply on the low-pressure side, and slowly on the high-pressure 
side. Some of the results of an earlier series (Tvans. Faraday Soc., loc. cit.) are high, because the 
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air was moist. The effect of the moisture was hardly appreciable at atmospheric pressure, but 
increased as the pressure was reduced. 

In the narrower apparatus, at atmospheric pressure, the ignition point was somewhat lower 
for the shorter lags, but higher for the longer lags: 623°, 0-5 sec.; 614°, 1 sec.; 605°, 2 secs. ; 
601°, 3 secs.; 597°, 5 secs. 

Hydrogen in moist airy (5°3% H,O). The ignition points of hydrogen in air, determined under 
the same conditions as for dry air, except that the air contained 5-3% of water vapour, are 
shown below. These ignition points were higher by about 10° at normal pressure; the 


Ignition points of hydrogen in moist air (5-3% H,O) under different pressures, 
Pressure, mm. 





Lag, c . 
sec. 100. 200. 300. 400. 500. 600. 760, 

0°5 546° 579° 595° 608° 620° 628° 638° 
542 575 589 602 614 621 629 
540 572 586 594 604 609 613 
539 570 583 591 598 602 605 
538 568 580 587 592 596 598 
— 566 577 583 587 589 591 
—- 564 573 579 582 584 585 


ono wtoe 


os 


increase was more marked at lower pressure, being, e.g., ca. 30° at 100 mm., although the 
percentage of vapour was unchanged. It is thus evident that this charge of water vapour in the 
air, which confers on carbon monoxide its lowest ignition point (see below), serves only to retard 
the ignition of hydrogen under the conditions of these experiments. 

Hydrogen in oxygen. The ignition points of hydrogen in oxygen, not specially dried, are 
shown in the following table. At 75 mm. pressure, hydrogen ignited in oxygen immediately at 
500°; below this temperature it did not ignite. It is not unreasonable to compare these 


Ignition points of hydrogen in oxygen. 
Pressure, mm. 


150. 200. 250. 400. 550. 760. 1000 2260. 
533° 550° 563° 591° 611° 625° 627° 618° 
531 547 558 585 604 618 620 610 
528 544 552 575 598 606 595 
526 541 550 569 587 596 580 
—_ 539 548 566 578 588 565 
_ 538 — 563 _ 582 555 
10 — 536 _— 561 — 575 546 





results with those for ignition in air dried by sulphuric acid (p. 1385), and to conclude that 
the substitution of oxygen for air reduces the ignition temperature of hydrogen very slightly; 
for, although the oxygen was not specially dried, it was used direct from a cylinder of the 
compressed gas and can have contained much less than 1% of water, an amount which, had it 
been present in the experiments with air, would have raised the ignition temperature very slightly. 

In the narrower apparatus, at atmospheric pressure, the ignition point with 0-5 sec. lag was 
slightly lower than in the wider apparatus, viz., 622° and 619° when the rates of flow of the hydro- 
gen were such as to give flames of 13 and 16 mm. height respectively when burning in air at room 
temperature and pressure. 

Hydrogen in nitrous oxide. The ignition point of hydrogen in nitrous oxide was determined 
in the narrower furnace at atmospheric pressure. Care was taken to remove all traces of nitrogen 
peroxide after each ignition, for if this was not done, the observed ignition points were much too 
low. With 0-5 sec. lag the ignition point was 621° and 618° when the rates of flow of the 
hydrogen were as stated in the preceding paragraph. The ignition point of hydrogen in nitrous 
oxide is, therefore, very nearly the same as in oxygen (Mem. Manchester Lit. Phil. Soc., 1928—9, 
78, 21). 

Carbon Monoxide.—The ignition of carbon monoxide was studied at some length, in view of 
the recurrent interest in its mode of burning and in the influence of steam and hydrogen on its 
combustion. The gas used was 99-7% soluble in ammoniacal cuprous chloride, the rest being 
nitrogen. 

Ignition both in air and in oxygen was preceded by a well-marked phosphorescent beam of 
pale blue haze extending upwards from the orifice of the central tube. This was particularly 
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so at low pressures. Usually, except in the longest lags, the beam appeared very soon after 
the gas stream had been turned on, though the true flame might not develop until several 
seconds later. When the normal flame appeared, it formed in the luminous beam usually about 
half way up, and ran down it to the orifice. The flame generally appeared abruptly in the beam 
but did not always run down to the central tube quickly. If the gas were sent in under sufficient 
pressure, it was sometimes possible to maintain the normal flame as a ball of flame half way up 
the phosphorescent beam. As the lags increased, the beam formation became less well defined, 
but a bluish haze always appeared. The gas might begin to glow and continue to do so for a 


Fic. 4. 


Ignition points of carbon monoxide in air containing various 
amounts of water vapour. 


700; 
—o— 7160 mm. 


6 


: +s 
H,0 in air, per cent. 


TABLE I, 
Ignition points of carbon monoxide in moist air. 


Pressure, mm. 





200. 300. 400. 500. 550. 600. 
(a) With 0°63% of. moisture in the air. 


636° 668° 686° 693° 
626 661 677 687 
615 648 665 679 
608 641 656 673 
— 631 648 665 
— — 641 657 
— —_— 634 651 
(b) With 5-3% of moisture in the air. 

656 674 686 688 

651 668 681 684 

640 656 670 675 

634 648 665 670 

621 640 658 662 

614 633 648 652 

609 627 640 644 


* At 110 mm. 
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minute or more, but the phosphorescence would not develop into a normal flame. Other gases 
exhibited a similar phosphorescence but, except with carbon disulphide, it was less well defined. 

The ignition points and lags recorded below are those for the true flame, not the phosphores- 
cent flame. As is shown ina later section (p. 1405), the relation between these ignition points and 
the pressure follows a different law from that shown by Hadman, Thompson, and Hinshelwood 
(Proc. Roy. Soc., 1932, A, 188, 297) to apply to the appearance of the phosphorescent flame. 

Carbon monoxide in air. The ignition points of dried carbon monoxide were first determined 
in air containing various proportions of aqueous vapour. 

The ignition points observed at 760 and at 400 mm. are shown in Fig. 4. Flat minima occur 
in all the curves at about 5-3% of aqueous vapour, and when this is increased beyond 6% the 
rise in the ignition point is rapid. Concordant results were not obtained when moistened 
carbon monoxide was used, for the monoxide and the steam reacted in the central tube before 
issuing from the jet. 

Fic. 5. 
Ignition points of certain mixtures of carbon monoxide and hydrogen in dry air. 


700; 


100 §=6. 200 300 400 500 600 700 800 900 1000 
Pressure, mm. 


ignition points at various pressures from 100 to 1000 mm. were determined (a) with 0-63%, 
(6) with 5-3% of moisture in the air (see Table I). 

In each series the rapid-ignition point (0-5 sec.) reached a maximum at about 600 mm., and 
for the long lags the maximum shifted towards higher pressures. It is evident from these 
experiments and from those with oxygen instead of air (see below) that carbon monoxide 
resembles hydrogen in regard to the effect of pressure, but that its maximum ignition point is at 
a lower pressure. 

Carbon monoxide, containing different percentages of hydrogen, in dried air. Asa contribution 
towards the elucidation of the mechanism by which moisture affects the combustion of carbon 
monoxide, Dixon determined the effects of small percentages of hydrogen added to carbon 
monoxide, The rapid-ignition points (0-5 sec.) at different pressures when hydrogen was added 
in increasing quantities to carbon monoxide and the dry mixture was brought into dry air are 
shown in Fig. 5. These curves are unlike those for the corresponding ignition points of carbon 
monoxide in moist air, but correspond with the hydrogen curve, to which they approximate more 
and more as the proportion of hydrogen is increased. 

It is seen that below atmospheric pressure carbon monoxide containing 1% or more of 
hydrogen is more readily ignited in dry air than is the pure gas in moist air (0-63 or 5-3% H,0), 
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but that the positions tend to reverse with increase of pressure, and at 1000 mm. the pure gas 
ignited in moist air more readily than the mixture of carbon monoxide with 1% of hydrogen in 
dry air. 

Carbon monoxide, containing a small quantity of hydrogen, in moist air. As the presence of 
small amounts of hydrogen in the carbon monoxide, and of water in the air, separately, lowered 
the ignition point of carbon monoxide, it was of interest to ascertain whether the two catalysts 
would have a cumulative effect if present in the same experiment. 

Experiments with dry and with moist hydrogen (see above) had shown that the presence of 
5-3% of water vapour in the air, an amount which confers on carbon monoxide its lowest ignition 
point, served only to retard the ignition of hydrogen under the conditions of these experiments. 
Determinations were then made in the same apparatus of the ignition points of a mixture of 
carbon monoxide containing 2% of hydrogen, in air containing 5-3% of moisture. The rapid- 
ignition points (0-5 sec.) observed at various pressures are shown in Fig. 6, together with two 
series required for comparison and obtained in the same circumstances. It is evident that the 
effect of the two catalysts is not cumulative; for the combined effect of the hydrogen and the 
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Ignition points of carbon monoxide, containing 2%, of hydrogen, 
in moist air. 





oO 
700 











680 








660 




















600] 





580) 





sé] | | 






































0 100 6200 6—6300 «8=— 400 500 600 700 800 900 1000 
Pressure, mm. 


540. 


water vapour never reduced the ignition point lower than the more effective of the two reagents 
acting alone at a given pressure. At 400 mm. the rapid-ignition point of the CO + 2% H, 
mixture in dry air is 625°, while that of the monoxide in the moist air is 674°, a difference of 
49°. At this pressure the rapid-ignition point of the CO + 2% H, mixture in the moist air is 
660°, the water vapour appearing to retard the action of the hydrogen. In no such case in 
moist air can the effect of the 2% of added hydrogen be attributed to the mere presence of 
ordinary molecules of steam formed by its combustion, for the addition of steam molecules above 
the 5-3% present in the air would raise the ignition point of the carbon monoxide. The result 
would appear to be due to the process of burning by which the hydrogen is turned into steam, 
and this burning effect is hindered by the presence of steam in the air. On the other hand at 
1000 mm. pressure, when the rapid-ignition point of the pure carbon monoxide in moist air is 
674°, below that of the CO + 2% H, mixture in dry air, which is 679°, the latter mixture ignites 
in the moist air at 678°. The result might be explained on the assumption that the action of the 
water vapour, the more effective of the two catalysts at this pressure, is hindered by the presence 
of the hydrogen. 

Carbon monoxide in oxygen. Ignition points at various pressures were determined in parallel 
experiments to those with air, (a) with 0-63%, (b) with 5-3% of moisture in the oxygen (see 
Table II), The results are almost the same as those for air, except that the temperatures were 
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TABLE II. 


Ignition points of carbon monoxide in moist oxygen. 
Pressure, mm. 





n_.. 


600. 760. 1000. 


= 


200. 300. 400. 500. 5 
(a) With 0°63°% of moisture in the oxygen. 


626° 655° 672° 685° 
618 649 668 681 
608 639 660 674 
602 634 654 670 
598 626 647 662 
—_ 622 640 655 
— 618 634 650 


(b) With 5°3% of moisture in the oxygen. 


579 583 622 651 669 682 684 685 680 671 
575 579 617 647 664 678 680 681 674 667 
570 574 


— 
—s 
= 


689° 687° 675° 
684 682 671 
678 676 667 
675 673 664 
669 668 661 
664 665 658 
658 662 655 


Plt tded 
PITTI 


606 635 652 666 671 672 668 664 
600 627 648 662 667 668 664 662 
= 590 616 637 655 659 660 660 659 
--- 586 612 632 647 651 653 657 656 


10 — — 609 627 640 643 646 653 652 


a few degrees lower, in oxygen, for the shorter lags, and that concordant readings were obtained 
for the longer lags at 1000 mm., which was not so in the experiments with air. 

Methane.—Methaneinair. Amore detailed study was made than that referred to on p. 1383. 
The chief differences in experiment were the use of a narrower central tube and a new valve, both 
designed to improve the flushing of the inner tube just before each experiment. Ignition points 
with 0-5 sec. lag were then obtained regularly. 

The effect of varying the rate of flow of the methane was first examined, with theresults shown 
below. The gas used was fire-damp from Cymmer, freed from carbon dioxide; it contained 
97-5% of methane, the rest being nitrogen. The rate of flow was adjusted with the aid of the 
external jet (p. 1384). 


Mean ignition points of methane in air at 760 mm. with various rates of flow of methane. 


External flame height, mm. External flame height, mm. 


Lag, Za ‘ Lag, tr , 
sec. 16. 20. 30. 40. 50. sec. 16. 20. 30. 40. 50. 
0°5 738° 731° 722° 733° 722° 2 691° 690° 684° 685° 684° 
0°6 734 726 718 718 718 3 680 680 674 675 674 
1 716 711 702 702 701 5 — — 663 664 663 


It was evident that increasing the height of flame from 16 to 30 mm. lowered the ignition points, 
but a further increase had no effect. The ignition at 0-5 sec. lag was sharply marked. A similar 
series at 400 mm. showed that raising the flame height from 10 to 16 mm. lowered the rapid- 
ignition point, but a further rise to 20 mm. had no effect. 

The ignition points at both 760 and 400 mm. are lower by some 25° than those previously 
reported (Trans. Faraday Soc., loc. cit.). Apart from the small alterations in the mode of 
experiment, which would not be expected to affect any but the short-lag ignition points, the chief 
difference was the removal of carbon dioxide from the fire-damp; for the thermometer was 
checked, the furnace was heated strongly in a vacuum without altering the results, and a redeter- 
mination of the ignition point of hydrogen gave the same results as before for that gas. Experi- 
ments in which small amounts of carbon dioxide were added to the methane (see below) showed 
that the presence of such amounts of this gas (somewhat variable) as are present in fire-damp from 
Cymmer would in large part account for the higher results formerly published (ibid.). Nitrogen, 
also, affects the ignition points, but much less than carbon dioxide. 

A redetermination of the ignition points of methane containing 2°5% of nitrogen and no carbon 
dioxide was made over a range of pressures from 150 to 1000 mm. (Table III and Fig. 7). From 
experiments described later, it may be assumed that pure methane would give rapid-ignition 
points about 10—20° lower than those of the gas containing 2-5% of nitrogen. 

The ignition points of methane in air could not be determined with accuracy below 150 mm. 
pressure, but the curves suggest that a maximum would be reached at about 100 mm. A 
maximum followed by a fall was found, at about 200 mm., for the ignition points of methane in 


oxygen (q.v.). 
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TABLE III. 
Ignition points of methane (CHy, 97-5; Ng, 2°5%) in air. 


Pressure, mm. Pressure, mm. 








250. 400. 600. 760. 1000. sec. . 250. 400. 600. 760. 1000. 
768° 758° 739° 722° 711° 698° 692° 687° 684° 680° 
763 752 1734 718 707 ¢ 687 680 677 674 £672 
740 86731 714 702 696 675 667 665 663 662 
719 7il 700 692 687 668 660 657 656 655 
Fic. 7. 
Ignition points of methane (containing 2°5°%, of nitrogen) in air. 


740 +! sec. lag 


15 sec. lag 


700} 2 see. leg 


3 sec. 


5 sec. lag 
7 sec. lag 


100 200 300 400 500 600 700 800 900 1000 
Pressure, mm. 


Over the range 2—11 atm. the ignition points were determined with a natural fire-damp which 
contained : CH,, 97-0; N,, 2-5; CO,, 0-5%; for 0-5 sec. lag, they were : 


Pressure, atm. 3 5 7 9 ll 

Ignition point 684° 658° 639° 623° 608° 
In these experiments the methane pressure had to be adjusted to give a large flame (60—80 mm. 
high) in the ordinary air in order to give a proper flame (25—30 mm.) in the compressed and 
heated air of the cylinder. The lowest temperature at which methane ignited at 11 atm. was 
555°, after a lag of 10 secs., but on one occasion it ignited at 550° after a lag of 30 secs. at 9 atm. 
pressure. Many trials were made at 11 atm. at temperatures between 555° and 550° without 
getting ignition, although the gas was admitted up to 30 secs. 

Effects of small amounts of carbon dioxide, nitrogen, and air inthe methane. In parallel experi- 
ments it was found that the removal of the 0-5% of carbon dioxide present in a natural fire-damp 
reduced the ignition point at alllags. The effect was greatest at low pressures; ¢.g., at 200 mm. 
the carbon dioxide raised the rapid ignition point by 19°, but at 1000 mm. only by 5°. The 
effects of various amounts of carbon dioxide, up to 5%, on the ignition points, at 1 atm., of a 
gas which contained 97-5% of methane and 2-5% of nitrogen are shown in Fig. 8. The effects 
of nitrogen were shown by experiments in which successive quantities of that gas were added to 
the sample of Cymmer fire-damp from which the carbon dioxide had been removed. The results 
are shown in Fig. 9. 

A few experiments were made in a similar manner with air instead of nitrogen added to the 
Cymmer gas. The effect of a small volume of air was larger than that of an equal volume of 
nitrogen, presumably because some carbon dioxide was formed in the gas before it issued from 
the jet; but with further additions of diluent, the air did not maintain its greater effect. As the 
air is increased in the mixture, it is probable that the flameless combustion taking place in the 
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issuing jet heats the gas beyond the furnace temperature, and so begins to facilitate ignition in 
spite of the dilution. 



















































































Fic. 8. 
Ignition points of methane, containing 2°5%, Fic. 9. 
of nitrogen and small amounts of carbon Ignition points of methane, containing small 
dioxide, in air. amounts of nitrogen, in air. 
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Methane in oxygen. The ignition points of methane, containing 2-5% of nitrogen, in oxygen 
are as follows : 


Ignition points of methane (containing 2-5% of nitrogen) in oxygen. 


Pressure, mm. Pressure, mm. 
A A 








Lag, 


¢ . Lag, c y 
sec. 100. 200. 400. 600. 760. on. 100. 200. 400. 600. 760. 
0°5 716° 721° 707° 684° 664° 3 633° 638° 634° 626° 620° 
0°6 708 714 702 678 660 5 623 627 624 617 611 
1 684 690 682 666 650 7 — 618 617 609 602 
15 659 664 660 648 638 10 — — 610 603 595 
2 645 650 645 637 =—- 630 


These results are some 6—12° lower than those formerly published (Trans. Faraday Soc., loc. cit.), 
the reason for which is probably to be found in the greater impurity in the methane used in the 
older experiments. Curves of these results show that, for each lag, maximum ignition points 
occurred at about 200 mm. pressure. 

Mixtures of Methane and Hydrogen.—Ignition points of the whole range of mixtures of these 
two gases were determined, both in air and in oxygen, at an early stage of the investigations. The 
results for the rapid ignitions (0-5 sec. lag) are shown in Fig. 10. The oxygen curve shows that 
some 25% of hydrogen may be added without an appreciable fall of ignition point; with further 
additions the fall is fairly regular. As a result of this predominance of the methane, the ignition 
points of the mixtures all lie above the straight line joining the two extremes. On the other hand, 
the ignition points of the same mixtures in air are symmetrical about the straight line joining the 
extremes. Small additions of hydrogen lower the ignition point of methane, but not proportion- 
ally to the volume added; similarly, small additions of methane raise that of hydrogen, but not 
proportionally. 

Ethane.—Ethane, prepared by the interaction of diethylzinc and water, in the absence of air, 
was purified by passage successively over soda—lime, through caustic soda solution and fuming 
sulphuric acid, and over solid caustic potash. No olefin or higher hydrocarbon could be detected 
in the gas. The ignition points in air and in oxygen are shown in Figs. 11 and 12 respectively. 
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The graphs show a gradual alteration of shape as the lags increase. It is only when the 
ethane ignites fairly quickly that the ignition 





points reach a maximum within the pressure range Fic. 10. 

investigated. In parallel circumstances, ethane Ignition points of mixtures of methane and 
ignites more readily in oxygen than in air, more hydrogen in air and in oxygen. 
especially at 300—400 mm. pressure with the 749, 

shorter lags. 


Pentane.—Liquid n-pentane was confined in a 
steel bottle immersed in an air-bath at constant 720: 
temperature, the vapour passed through two 
control valves and through a metal pipe to the . 
central tube in the ignition apparatus, all the 700 7 
connexions being heated above the temperature 
of the air-bath. By adjustment of the control , o 
" valves a constant rate of flow of vapour was 680 
|) = maintained. 

Pentaneinair. The ignition points of pentane a ontts—_o— 
in air are shown in the table below. 660 

At pressures up to 1 atm., the ignitions were # 
fairly regular except at the long lags. A dark blue ° y a 
luminous beam was observed before ignition, and 640 Ln 7 
frequently the normal flame was seen to form : a 
in the beam, but sometimes the beam disappeared ,.¢ 
without normal ignition following. The ignitions 6205 20 40 60 80 100 
at higher pressures were not as regular, the vapour 00 80 60 20 


40 0 
burnt with a smoky flame, and concordant results Upper legend: methane, ; lower legend: hydrogen,Z. 
could not be obtained after 2 seconds’ lag. 












































Ignition points of pentane in air, 
Pressure, mm. 









































Lag, cr 5) 
sec. 50. 100. 200. 400. 600. 760. 1000 1200. 1520. 1770. 
0°5 685° 686° 680° 661° 630° 600° 568° 544° 510° 495° 
1 672 671 665 646 615 589 557 533 497 477 
2 655 653 643 625 595 572, 541 518 486 _— 
3 ~- 644 632 615 585 564 _ — _ ain 
5 -- 634 623 600 575 552 — — _ —_ 
7 _- 624 612 588 566 545 — — — — 
10 _ —_ — —_— 557 537 — —_— —_ _ 
Fic. 11. 
Ignition points of ethane in air. 
760; 
OF is Ignition points of ethane in oxygen. 
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The high ignition points observed at low pressures led to the suspicion that pentane might 
be appreciably decomposed during its passage to the orifice. Experiments in which pentane 
was dropped into the nitrogen-filled silica bulb of a Victor Meyer apparatus showed that, whilst 
at 528° the decomposition was very slow, at 650° there was an increase of 8% in volume in the 
first 5 secs., and 45% in 30 secs. From a series of such experiments, Dixon concluded that some 
decomposition of the pentane vapour would occur in the central tube at the higher temperatures 
employed, and the products of such decomposition might alter the ignition point of the issuing 
jet. The rapid ignition point found at atmospheric pressure might therefore be too high, and 
the error would increase at lower pressures and higher temperatures. On the other hand, it did 
not appear that decomposition affected the results at 1200 mm. pressure and upwards. 

Pentane in oxygen. The data are shown in the appended table. 


Ignition points of pentane in oxygen. 
Pressure, mm. 


100. 200. 400. 600. 670. 760. 1000. 1200. 
677° 641° 620° 542° 430° 355° 339° 330° 
658 619 595 509 410 345 333 326 
624 569 544 468 390 334 326 324 
604 558 521 439 380 328 322 322 
587 —_— 493 419 365 320 317 320 
_— —_— 475 410 357 314 313 317 


It will be observed that the ignition point fell unusually rapidly as the pressure was raised 
from about 500 to 700 mm., in marked contrast to the parallel observations for pentane in air. 
At 760 mm. the rapid-ignition point in oxygen was 245° lower than in air, at 600 mm. 88° lower, 
at 400 mm. 40°, and at 100 mm. only 8°. 

Graphs of the figures in the foregoing table are sinuous, as illustrated by the curve for the 
0-5 sec. lag in Fig. 25. Similar curves have been given by Neumann and Estrovich (Nature, 
1934, 133, 105, 463) for the inflammation of the mixture C,H,, + 80, in contact with the walls 
of a heated iron, or gilded iron, bomb. 

Benzene.—An early series of experiments gave the ignition points of benzene in air and in 
oxygen, at 1 atm., for a lag of 0-5 sec., as 710° and 685° respectively. The lowest ignition points 
observed were 650° (30 secs. lag) and 621° (28 secs. lag) respectively. 

Mixtures of Pentane and Benzene.—The ignition points of the whole range of these mixtures 
fell on symmetrical, but flat, &-shaped curves, the maximum divergence of the curve from 
a straight line being 4°. 

Ethylene.—Ethylene, prepared by the action of phosphoric acid on ethyl! alcohol, was passed 
through a cooled catch bottle, followed by calcium chloride spirals surrounded by ice and salt, 
caustic soda solution, and concentrated sulphuric acid. It was collected over mercury. For the 
high-pressure experiments a sample of commercial gas was used. Neither by analysis nor by 
ignition tests could any difference be found between the two samples. 

Ethylene in aiy. The ignition points are shown in Table IV (a). - A maximum is reached at 
about 400 mm., and is more pronounced with the shorter lags. The lowest ignition point observed 
at 760 mm. was somewhat higher than that given by Dixon and Coward (loc. cit.), which was 
543°. When, however, the diameter of the outer tube was reduced to 46 mm., almost the same 
as that of their experiments, the former figure was obtained for a lag of 10—15 secs. 

Ethylene in oxygen. The data arein Table IV (b). The maximum ignition point is at about 
the same pressure as in air, or a little lower. The ignition points are throughout a few degrees 
lower than in air. The inflammations were more violent, and only two experiments had been 
made at 3040 mm. when the inner tube was broken. The lowest ignition point observed at 
760 mm. was higher than Dixon and Coward's figure, 510°. When the diameter of the outer tube 
was reduced to 30 mm., a very violent explosion occurred when the temperature had just passed 
470° after a lag’of 10 secs. The experiments were not continued. 

Ethylene in Nitrous Oxide.—Ignition points of ethylene in nitrous oxide and in oxygen were 
determined in the smaller furnace with the following results for the 0-5 sec. lag : 





External flame height, mm 13 16 
Ignition point in nitrous oxide 616° 609° 
618 611 


All traces of nitrogen peroxide were carefully removed after each ignition. It is evident that the 
ignition point of ethylene in the two gases is almost the same. 
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TABLE IV. 


Pressure, mm, 


250. 300. 400. 550. 600. 760. 1000. L . 2280. 3040. 
(a) Ignition points of ethylene in air. 

675° 649° 643° 627° 

656 634 629 616 583 553 

632 615 610 £599 570 542 

612 601 597 #589 562 532 

594 589 587 580 553-625 
577 
564 





3) 


665° 
644 
622 
602 
589 
578 
567 


580 578 571 546 518 
567 565 562 538 =13 
-- — 557 531 508 


(b) Ignition points of ethylene in oxygen. 

650 659 660 £624 604 

600 634 644 646 613 593 
580 614 622 625 = 601 584 
567 597 603 606 £592 577 
558 585 589 590 580 569 
574 577 578 #670 561 

—- 563 566 567 562 554 


15 — — — — —_ sony 
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580 557 
572 549 
562 539 
554 530 
546 522 
540 515 
532 508 
— 601 
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Propylene.—Propylene was obtained by passing the vapour of m- or iso-propyl alcohol over 
pumice and phosphoric oxide heated in an iron tube to 260—340°, and condensing the liquid 
products by strong cooling. A commercial sample of compressed propylene was also used. 
This was stated by the makers to contain some 5% of isopropylether. At first, it had a lower 
ignition point than the laboratory preparation, but after standing over water it gave the same 
results. 

Propylene in airy and in oxygen. The ignition points are given below. Propylene ignited 
somewhat more readily in oxygen than in air. In parallel experiments it ignited more easily 
than ethylene. 

Pressure, mm. 


50. 150. 250. 400. 550. 760. 
Ignition points of propylene in air. 

-= 657° 663° 658° 642° 

—- 642 649 642 628 608 
— 628 630 624 610 592 
_- a 617 607 594 580 
_- -— 609 597 584 570 
— _— 602 591 578 562 


Ignition points of propylene in oxygen. 


585 608 620 623 605 586 
574 595 605 608 594 574 





567 574 572 564 556 
552 554 552 549 546 
=. me 541 539 537 
=i iat 534 _ ar 


Acetylene.—Acetylene, obtained from an acetone solution, was cooled, well washed with a 
strong solution of sodium hydrogen sulphite, dried by calcium chleride, and stored over mercury. 
For a few experiments, it was prepared from cuprous acetylide, and gave the same ignition point. 

Acetylene in air. The ignition points at pressures from 50 to 760 mm. are shown in the 
accompanying table. A maximum is apparent at about 100 mm. At low pressures (below 


Ignition points of acetylene in air. 
Pressure, mm. 





Lag, : — 
sec. 50. ‘ 100. ; 200. 250. 400. 760. 
0°5 580° 530° «504° 464° 435° 
562 514 492 460 434 
536 498 482 458 432 
503 496 480 456 431 
-— 495 478 455 430 
--- 492 476 454 429 
— — _ 427 
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400 mm.) the ignitions were irregular when the lag exceeded 2 secs. Often a phosphorescent 
combustion took place near the orifice, over which a faintly luminous blue disc appeared. This 
disc fluctuated, sometimes growing in size and luminosity until normal ignition occurred, but 
more often rising and falling in intensity and then going out. 

Ether.—A stream of pure ether vapour was obtained by means of the same apparatus as that 
used for pentane vapour. 

Ether in air. The ignition points are tabulated below. The decrease of more than 400° 
between 75 and 1770 mm. is remarkable. This series is specially important, for, owing to the 


Ignition points of ether in air. 
Pressure, mm. 


—— 





200. 400. 600. 760. 1000 1200. 1520. 
631° 592° 549° 437° 344° 258° 

634 607 575 528 420 322 237 

573 544 493 388 296 215 

550 516 456 — — 
534 496 438 — 
7 — — 523 484 425 — 
10 -— — — 512 472 413 — 


low ignition point of ether under moderate pressure, it was possible to compare, at equal pressures, 
the ignition points of ether observed in the concentric-tube apparatus with those observed when 


Fic. 13. 


Ignition points of ether in air, as found (1) by the concentric tube 
apparatus (0°5 sec. lag), (II) by adiabatic compression. ~ 





700 


A 
4 








: 


25 5-0 75 10 12°5 15 17-5 20 
Pressure, atmospheres, 


ignition was caused by sudden compression, by a piston, of ether—air mixtures contained in a 
cylindrical vessel. The results of experiments by the two methods are shown in Fig. 13. The 
ignition point calculated from compression is higher than the true temperature, for cooling must 
have taken place by contact with the walls, so that it is not surprising that the calculated value 
is higher than that found in the concentric-tube furnace at the same pressure; but it is satis- 
factory that there is only 20° difference between the two determinations. 

Ether in oxygen. The ignition points of ether in oxygen were as follows : 












































Ignition points of ether in oxygen. 
Pressure, mm. Pressure, mm. 
Lag, ss a, Lag, “ . 
sec. 400. 500. 600. 760. sec. 400. 500. 600. 760. 
0°5 242° 225° 221° 219° 3 217° 213° 213° 214° 
1 234 221 218 217 5 213 212 211 212 
2 226 216 215 215 7 —_— 210 209 210 








The differences between these and those in air are much larger than is usual. It was not 
surprising, therefore, that when ether vapour carried in a stream of nitrogen was used, the 
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ignition points were sometimes much higher than those of pure ether; e.g., although at 760 mm. 
pure ether ignited at 219°, anda 1:1 ether—nitrogen mixture at 222°, yet at 600 mm. the 
corresponding figures were 221° and 430° (all for 0-5 sec. lag). In air the differences were 9° at 
760 mm. and 23° at 400 mm. 

Ether in nitrous oxide. The rapid-ignition point of ether in nitrous oxide, observed in the 
narrower furnace, was 715° at normal pressure; this is far higher than for oxygen (above) (Mem. 
Manchester Lit. Phil. Soc., 1929, 73, 21). 

Carbon Disulphide——The ignition of carbon disulphide, which presents several special 
features, was fully described in Rec. trav. chim. (loc. cit.) and no later investigation was made. 
The results are, however, summarised. The following table gives the ignition points of carbon 
disulphide alone and mixed with equal volumes of certain other gases, in air and in oxygen. 
The experiments brought out clearly the power of carbon disulphide when mixed with certain 
other gases to maintain the ignition point of the mixture at a low temperature approximating 
to its own. 

Lag, CS,. CS, + Nj. CS, + CO,. CS, + H,. 
sec. Air. Oxygen. Air. Oxygen. Air. Oxygen. Air. Oxygen. 
0°5 156° 132° 161° 140° 163° 144° 171° 161° 
151 128 155 134 157 139 167 157 
145 123 147 126 148 132 161 149 
138 118 139 120 139 125 153 140 
130 114 132 116 132 120 145 131 
124 110 127 112 127 116 138 122 
10 120 107 122 109 122 113 134 116 


The rapid-ignition points (0-5 sec. lag) of a wider range of mixtures are collected in Table V. 
The poisoning action of ethylene (first observed by E. Frankland in 1862) and of acetylene is in 
contrast with the small effects of other gases, including methane and sulphur dioxide. 


TABLE V. 
Air. Oxygen. Air. Oxygen. 

132° 50CS,+50CH, 195° 173° 
50CS,+50N, 5 140 20CS,-+80CH, 191 
50CS,-+50CO, 5: 144 19°5CS, +78CH, +2°50, — 183 
50CS,-+50H, 161 5CS,+95CH, No ignitions 
50CS, +50C,H, 535 up to 400° 
50CS, +50C,H, 434 5CS,+95H, — 
50CS, +50SO, os 5CS,+95H,+1C,H, 
47-5CS, +47°5CO, +580, _ 5CS,+95H,+0°5C,H, 

Attention may be directed to the fact, which Dixon had no opportunity to examine further, 
that the ignition point of a mixture of equal volumes of carbon disulphide and acetylene in air 
(520°) was higher than that of either carbon disulphide in air (156°) or acetylene in air (435°). 
Egerton and Gates (J. Inst. Pet. Tech., 1927, 18, 256) made a similar observation with carbon 
disulphide—petrol. 

The Influence of Traces of Nitrogen Peroxide on the Ignition Points of Hydrogen, Carbon 
Monoxide, Methane, and Ethylene—Dixon and Higgins (Mem. Manchester Lit. Phil. Soc., 
1928—9, 73, 21) observed that when hydrogen and other gases were ignited in nitrous oxide, some 
nitrogen peroxide was formed. Some of this was absorbed by the silica walls and by the 
packing of the furnace, and was only eliminated after long heating and evacuation. The 
presence of minute quantities of nitrogen peroxide, slowly evolved from the contaminated silica, 
was found to reduce the ignition points of various gases. 

Systematic determinations of these effects were made in the narrower apparatus, which, with 
a specially selected, smooth, silica tube, proved to be much more easily cleaned than the wider 
apparatus. The required mixtures of nitrogen peroxide and air were made by passing streams 
of roughly dried nitric oxide and air separately through meters, and mixing them thoroughly just 
prior to their admission to the furnace. Each inflammable gas was roughly dried. 

Hydrogen in air containing nitrogen peroxide. Before any nitric oxide was admitted to the 
apparatus, the ignition point of hydrogen was determined in air. The rapid-ignition point was 
about 7° lower than in the large furnace. Frequent redeterminations of this point served to test 
the effective scouring of the apparatus from nitrogen peroxide of previous tests. The rapid- 
ignition points of hydrogen in air containing various small amounts of nitrogen peroxide are 
shown in Fig. 14. At the optimum concentration of nitrogen peroxide, about 0-5%, the ignition 
point of hydrogen was 166° lower than in pure air. 
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Carbon monoxide or ethylene in air containing nitvogen peroxide. See Fig. 14. At the 
optimum concentrations of nitrogen peroxide, about 0-75% and 1% for carbon monoxide and 
ethylene respectively, the ignition points were 88° and 128° respectively lower than in pure air. 

Methane in air containing nitrogen peroxide. The ignition of methane was examined in some 
detail, in connexion with a practical point. Among the products of detonation of some solid 
explosives used in coal-mining are small amounts of nitrogen peroxide. Such products may, 
therefore, be more liable to ignite fire-damp than has been supposed hitherto, for, as shown below, 
the presence of 0:1—1-1% of nitrogen peroxide in the air reduces the ignition point of methane by 
more than 100°. 


Fic. 14. j Fic. 15. 
Ignition points (0°5 sec. lag) of carbon monoxide, Ignition points (0°5 sec. lag) of methane in air and 
ethylene, and hydrogen, in air containing in oxygen containing small amounts of nitro- 
small amounts of nitrogen peroxide. gen peroxide. 
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Two curves in Fig. 15 show the effect of small amounts of nitrogen peroxide on the rapid- 
ignition point of methane in air, when the rate of flow of the methane was such as to give (1) a 
10 mm., (2) a 21 mm. flamein normalair. It will be observed that the curves coincide when no 
peroxide was present. In its presence, however, the ignition point was lower with the 21 mm. 
flame, but no further change occurred when the flame was increased to27mm. The maximum 
lowering of ignition point was 122°, in the presence of 0-7% of nitrogen peroxide. 

Methane in oxygen containing nitrogen peroxide. The results of a similar series of experiments, 
with oxygen in place of air, are also shown in Fig. 15. The optimum concentration of peroxide 
was just under 1-0%, with which amount the ignition point of methane was 127° lower than in 
pure oxygen. 1 

The presence of much less than 1% of nitrogen peroxide in the atmosphere lowers appreciably 
the ignition temperature of each of the four gases tested. The ignition points pass through a 
minimum when 0-5—1-0% of the peroxide is present. To Dixon’s list may be added butyl 
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alcohol and m-xylene, the ignition points of which were found by Mardles, independently and at 
about the same time, to be much reduced by the addition of some 2—5% of liquid nitrogen 
peroxide (J., 1928, 872). - 

The Effects of Various Inhibitors Fic. 16. 
on Ignition Points.—The discovery Ignition points of methane in air containing small amounts 
of a sufficiently active inhibitor of of todine. 
ignition might have important 
applications, e.g., in reducing the go9 — 0-5 sec. fa 
danger of fire-damp explosions in + : 
coal-mines. Since nitrogen peroxide 0 sec | 
had proved to be a highly active pS . Ls ta 
promoter of ignition, the possibility a 
of finding an agent with the opposite 
property did not seem remote. The 
first to be tried was iodine, at the 
suggestion of Prof. R. V. Wheeler, 
who remembered that high results 
had been obtained, some years 
previously, for the ignition temper- 
ature of samples of methane pre- 
pared from methyl iodide. The 
effects of bromine and some brom- 
ides, of phosphoryl chloride, and of 0-05 0-1 015 
tetraethyl-lead were also examined. L.. per cent. 

The narrower apparatus was 
used for all the experiments with inhibitors. The whole, or a measured part, of the air supplied 
to the furnace was passed through a saturator containing the solid or liquid inhibitor at a con- 
trolled temperature. The leads from the saturator to the furnace were maintained at a temper- 
ature a little higher than that of the saturator. The concentrations of the inhibitors were 


Fic. 17. 
Ignition points of hydrogen in air containing small amounts of iodine. 
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calculated from the known vapour tensions, and are probably slightly high, for analysis of 
the air passing over iodine at the maximum rate used in ignition experiments showed only 92% 
saturation at 18° and at 40°. The results tabulated below are not corrected for incomplete 
saturation. 

Iodine.—The effects of small amounts of iodine, in the air, on the ignition points of methane 
are shown in Fig. 16. It will be seen that the optimum concentration of iodine was about 0-03%, 
but that 0-01% was nearly as effective. 
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In all these experiments the pre-flame period was marked by a golden glow which, however, 
did not seem to touch the walls. This glow became more intense the greater the quantity of 
iodine, and was visible both when the gas was turned on momentarily to flush out the central 
tube and also at lower temperatures when the gas was left on for 2 or 3 secs. without lighting. 

A second important effect of the iodine was the prevention of any ignition of the methanc 
after 1} secs.’ lag. It would appear that the iodine inhibited the normal action of the heated 
walls in promoting combustion—possibly by forming a layer of condensed vapour on the silica 
surface. 

The effects of iodine on the ignition points of hydrogen are shown in Fig. 17. The effect of 
0-01—0-03% was less marked than in the case of methane, but further additions up to 0-15% 
Fic, 18 raised the ignition point by a maximum of over 100°; 

Ignition points of onto monoxide in air pew => Po byes gaa wages Roe on. 
as ager goo points declined again. en the iodine exceedec 
‘ ne ee ee eee 0-1% a red glow became visible before the flame 

950 was formed. It was noticeable that the hydrogen 

ignited up to a lag of 2 secs., but did not light after 

that interval. 

AA The effects of iodine on the ignition points of 
carbon monoxide (dried by solid potassium hydr- 
oxide) in air (dried by sulphuric acid) are shown in 

Fig. 18. The rise in the ignition point was more 

rapid than with hydrogen, and the observations 

could not be carried to the maximum because the 
limit of the furnace temperature was reached when 
the gas lit at 928° in an atmosphere containing 

0-062% of iodine. 

Dixon observed that for some time after the 
furnace was first filled with the iodine-laden air the 
ignition points of carbon monoxide continued to 
rise, and only became constant when the air and 
iodine vapour had been passing for more than an 
hour. That the silica walls were able to condense 
iodine from the vapour-charged air when the iodine 
was freshly introduced, and so to reduce the amount 
of iodine in the atmosphere surrounding the gas jet, 
afforded the simplest explanation of these observ- 
ations. When the surface was saturated, the normal 
(i.e., high) ignition points would be observed. This 
conclusion seems to be confirmed by the following 
experiments made to test the combined influence of 
nitrogen peroxide and iodine on the ignition of 
methane. When 1 vol. of nitrogen peroxide (NO,) 
was added to 200 vols. of air, a jet of methane gave 
the following mean ignition points in this atmosphere, 
0025 005 and when a trace of iodine was added the ignition 

L,, per cent points were raised for the short lags and lowered for 
a the longer lags as shown in the table. It would 
appear that, during the longer lags, the iodine had the opportunity to displace the nitrogen 
peroxide attached to the wall, and the liberated peroxide further reduced the ignition point of 


the methane. 






































. Ignition points of methane in air. 
With 0°5% Plus 0-028% With 0°5% Plus 0:028% 

Lag, NO,. I,. Difference. Lag, NO,. I,. Difference. 
sec. ‘ ii. $. ii. i. ii. sec. i. ii. i. ii. i. 
0-5 606° 605° 615° 615° + 9° + 10° 15 543° 542° 541° 540° — 2° 
0°6 592 591 600 600 +8 + 9 2 531 530 527 526 —4 

1 566 564 570 569 +4 + 5 3 521 521 516 516 —5 
Ethyl Iodide and Iodoform.—The ignition points of methane in air containing free iodine 
vapour and ethyl iodide separately did not show strong resemblances except in two particulars. 
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The highest ignition point was 
nearly the same with the two in- 
hibitors, and occurred at the same 
concentration of iodine. When the 
air was passed over crystals of 
iodoform at 20°, 30°, and 40°, the 
maximum effect was observed at 
30°, at which the ignition point 
was the same as the maximum 
observed with ethyl iodide. 
Ethylene Dibromide, isoAmyl 
Bromide, and Bromobenzene.—The 
effects of small amounts of these 
substances in the air on the ignition 
points of methane therein are 
shown in Figs. 19, 20, and 21 
respectively. The three substances 
are powerful inhibitors. Their 
effects were nearly equal for equi- 
valent concentrations of bromine 
up to about 0-1%, at which the 
rise of ignition point was about 
100°. Bromine is therefore more 
efficient than iodine. Further 
small additions of bromine com- 
pounds to the air produced a small 
rise of ignition point, but with 
greater amounts the three in- 
hibitors differed in that ethylene 


Fic. 20. 


1401 


Fie. 19. 


Ignition points of methane in air containing small amounts of 


850 


Ignition points of methane in air containing 
small amounts of isoamyl bromide. 


900 


ethylene dibromide. 


4 sec. 


1 sec. lag 


Liacansill 
sec. lag 


0:25 05 
C,H4Br, , per cent. 


Fic. 21. 


Ignition points of methane in air containing small 
amounts of bromobenzene. 
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dibromide had a maximum effect at a concentration of about 0-3—0-4%, whereas the other two 
continued to show an increasing effect. The difference is explained by the interaction of the 
inhibitor with the oxygen of the air before the “‘ atmosphere ” reached the jet. 

At the higher concentrations of the inhibitors, more especially those with 5 and 6 atoms 
of carbon, the reduction of the oxygen content of the “ atmosphere ”’ was sufficient to account 

F for a considerable rise in the ignition 

IG. 22. A : : 

- ‘ a aoe point; the results of a special series of 
Ignition points of methane in air deficient in oxygen. experiments which prove this are shown 
in Fig. 22, which records the ignition 
points of methane in atmospheres con- 
taining less than 20-9% of oxygen. The 
large rise of ignition point when only 0-1 
or 0-2% of the bromide is present in the 
air must, however, be almost entirely due 
to the bromine. 

In the presence of any but small 
amounts of bromine (less than about 
0-15%) ignitions were not obtained after 
intervals of more than 3 secs. As the 
amount of bromine was increased, the 
possibility of ignition became more and 
more confined to the shorter intervals of 
time. 

Mixtures of Ethylene Dibromide and 
Iodine.—The maximum effect of ethylene 
dibromide on the rapid-ignition point of 
methane was to raise it to 838° (Fig. 19). 
Atmospheres composed of air with the optimum amount of ethylene dibromide (0-37%) and 
various amounts of iodine from 0-0026 to 0-042% did not produce a further rise, but, from 
about 0-005% upward, produced a small decrease. 

When only 0-08% of ethylene dibromide Fic. 23. 
was present, the rapid-ignition point of Ignition points of methane in air containing small 
methane, 826°, was at first raised by the amounts of phosphoryl chloride. 


addition of iodine, until with about 0-012% 

a maximum was attained at 838°, the same 

temperature as that observed with the P20 Sa 7 
° 
































Oxygen, per cent. 





optimum amount of ethylene dibromide 
alone. A mixture of these inhibitors may, 
therefore, be more effective than either, but 
only if the amount of the more effective is 
less than the optimum. | 2 sec. lag 

Phosphoryl Chloride.—The effect of this 

substance was examined because it had been 
stated (Jorissen, Booy, and van Heiningen, 
Rec. trav. chim., 1932, 51, 868) that the 9 re: =) xy 
presence of less than 1% of it rendered all 6 sec. lag 
mixtures of methane and air non-inflam- 7 sec. lag 
mable at laboratory temperature and 
pressure. 

The air was dried by sulphuric acid 
before admixture with phosphoryl chloride. 
Fig. 23 shows that the ignition points of | 
methane were raised, but that the inhibitory POCL,, per cent. 
effect of the optimum concentration of 
phosphoryl chloride was less than half that of bromine. With the higher concentrations of 
phosphoryl chloride, ignition was not obtained with the longer lags. 

Tetraethyl-lead,—The effect of tetraethyl-lead on the ignition of methane is shown in Fig. 24. 
The curves are of the same type as those of isoamyl bromide and bromobenzene, and may be 
interpreted inthesame way. The inhibitory effect is about half that of the bromine compounds. 
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GENERAL DISCUSSION AND SUMMARY. 


Rapid-ignition Points at Atmospheric Pressure-—Table VI contains the rapid-ignition 
points, at atmospheric pressure, of the individual gases when issuing as a jet into atmos- 
pheres of oxygen or air. They are the minimum temperatures to which gas and atmos- 
phere must be raised, prior to admixture, so that the gas inflames 0:5 sec. after turning on 


Fic. 24. 
Ignition points of methane in air containing small amounts of tetraethyl-lead. 
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the jet (cf. p. 1383). They are always higher, sometimes considerably so, than the minimum 
temperature required to ignite such a jet when it is flowing continuously. Dixon and 
Coward’s figures for the latter appear also in Table VI. 


TABLE VI. 


Rapid-ignition points (0-5 sec. lag), and ignition-points of a continuous stream of gas, at 
atmospheric pressure. 


In oxygen. In air. In oxygen. In air. Ae 
Rapid- Ignition Rapid- Ignition Rapid- Ignition Rapid- Ignition 
ignition pointof ignition point of ignition pointof ignition point of 

point. stream. point. stream. . point. stream. point. stream. 
585° 630° 585° 604° 510° 627° 543° 
693 1 6513 586 — 618 —_ 
683 ? _ 428 435 429 
ane 856 685 — 710 one 
722 650—750 219 — 549 -- 
650 520—630 132 _— 156 — 
— — “= 227 — 364 
600 _ —_ 700—860 — — 
1 063% H,O in atmosphere. 2 53% H,O in atmosphere. 
* 2% H,0O in gas and in atmosphere. 





The Relation between Ignition Point and Pressure for Various Periods of Lag.—For most 
of the gases, the general form of the curve connecting ignition point with pressure is the 
same for all periods of lag. Reference may be made to Figs. 3 and 7, for hydrogen and for 
methane respectively in air, as typical of the results for most gases, whether the atmosphere 
be air or oxygen. An exception is found in ethane, as may be seen in Figs. 11 and 12, 
in which the curves for the shorter lags show maxima but those for the longer lags do not. 





1404 Coward : Ignition Temperatures of Gases. 


Carbon monoxide is exceptional in that the maxima tend to shift towards higher pressures 
as the lags increase. 

The Relation between the Rapid-ignition Point (0-5 Sec. Lag) and Pressure, for Various 
Gases.—Fig. 25 shows a comparison of the rapid-ignition points of most of the gases 
examined, over a range from 50 to 2000 mm. pressure. The only omissions are three curves 
for carbon monoxide (in air with 0-63°% of water vapour, and in oxygen with 0-63 and 5-3%/, 
of water vapour) which would be close to the one curve given for that gas, and the curves 


Fic. 25. 
Influence of pressure on the vapid-ignition point (0°5 sec. lag) of various gases. 
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for propylene in air and in oxygen, which are similar in type to the corresponding curves for 
ethylene. Several of the curves might be extended to higher pressures by using the data 
in the text, but no new feature would be shown. The following general conclusions may be 
drawn : 

(a) In general, each gas has a maximum ignition point, but the pressure at which this is 
observed ranges from about 100 mm. for acetylene, pentane, and ether, to 1000 mm. for 
hydrogen. The ignition point of methane in air rises continuously as the pressure is 
decreased to 150 mm., but appears to be approaching a maximum; that of pentane in 
oxygen rises continuously with falling pressure, as far as observations were made. 
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(b) The rate of change of ignition point with change of pressure varies considerably with 
different gases. 

(c) In consequence of (a) and (b) above, the order of ignition points of the gases at any 
one pressure is no indication of the order at another pressure. 

(d) The ignition point of any one gas in oxygen is never higher than in air, at the same 
pressure. It may be only slightly lower (e.g., hydrogen, carbon monoxide), lower 
(e.g., methane, ethane, ethylene), or considerably lower (e.g., ether). Pentane may belong 
to each of these categories in turn, according to the pressure. 

An Exact Relation between the Rapid-ignition Point and Pressure for Hydrogen and for 
Carbon Monoxide.—Semenoff (Z. Physik, 1928, 48, 571) deduced a relationship between 
ignition point and pressure, for thermal reactions, of the form log P/T = A/T + B, and 
Sagulin (Z. physikal. Chem., 1928, B, 1, 275) supported it by the experimental evidence of 


Fic. 26. 
Relation between the inverse of the rapid ignition point (degrees absolute) and the logarithm of the pressure. 
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several reactions. Semenoff (/bid., 1929, B, 2, 161) later adopted the form log P = A/T 
+ B, and showed it to be applicable to a chain reaction as well as to a thermal reaction, 
and to both upper and lower pressure limits of spontaneous ignition. 

It is interesting to find several examples in Dixon’s results in which the latterrelationship 
is followed exactly, within the small errors of experiment. Fig. 26 shows straight-line 
graphs for the rapid-ignition points (0-5 sec. lag) of hydrogen in air and in oxygen between 
75 and about 600 mm. pressure, of hydrogen in moist air between 100 and about 600 mm., 
of carbon monoxide in air (0-63°/ of water) and in oxygen (5:3% of water) between 100 and 
about 400 mm. Curves similar to the last two may also be drawn for carbon monoxide in 
air (5-3%, of water) and in oxygen (0-63% of water); they are nearly coincident, and lie 
between the two curves given for carbon monoxide. 

Previous measurements upon the relation between ignition point and pressure, for 
hydrogen and carbon monoxide, are shown by broken lines in the same figure. These 
observations were made with homogeneous mixtures in contact with the walls of the 
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container (Thompson and Hinshelwood, Proc. Roy. Soc., 1929, A, 122, 610; Grant and 
Hinshelwood, ibid., 1933, A, 141, 29; Kopp, Kowalsky, Sagulin, and Semenoff, Z. physikal. 
Chem., 1930, B, 6, 307), and thus differ from Dixon’s, in which the object was to avoid 
contact between the mixed gases and the walls of the container. It seems from the curves 
that the general character of the phenomenon observed was the same, for Hinshelwood’s 
curves for mixtures of hydrogen and oxygen are nearly parallel to Dixon’s, for the roughly 
dried gases; moreover, Hinshelwood’s curves represent the two mixtures 2H, + O, and 
H, + O,, whereas Dixon’s represent that mixture, whatever it may be, of minimum 
ignition point in the circumstances. Grant and Hinshelwood did not determine the 
curves for weaker mixtures than H, -+ Og, but did give single points for a series of mixtures 
down to H, + 40, and these points progressively approach Dixon’s curve. It is satis- 
factory that the experimenters agree, on entirely different lines of argument, that the 
straight-line curves represent a homogeneous reaction. Semenoff and Hinshelwood agree 
in describing it as a gas-phase deactivation of chain carriers by ternary collisions which, at 
the ignition point, is just balanced by the formation of new chain carriers by binary collisions. 
The most recent analysis of this part of the pressure—ignition point curves, which has become 
known as the upper-pressure limit, is that of Grant and Hinshelwood (loc. cit.). 

At higher pressures than those of the “‘ upper limit ” the ignition points decrease with 
increasing pressure. This may represent a “ thermal explosion,” but it does not appear 
to conform with Semenoff’s simple formula: it has not, as yet, been fully interpreted. 

Promoters and Inhibitors of Ignition —The ignition points of hydrogen and carbon 
monoxide are but slightly raised (3° to 6°) by the substitution of air for oxygen; other gases 
show greater differences, attaining 245° for pentane and 330° for ether vapour at normal 
pressure; but these are outstanding, for the difference is more commonly 20—60°. The 
difference for methane was nearly 60°, and the further reduction of the oxygen of the 
atmosphere caused a further increase in ignition point. The addition of carbon dioxide 
or of nitrogen to the methane also caused an increase in ignition point (Figs. 8 and 9). The 
effects of such changes were, however, small in comparison with the reduction of ignition 
point when traces (less than 1%) of nitrogen peroxide were added to the atmosphere, or in 
comparison with the increase of ignition point when traces of bromine or iodine were added. 
The examples investigated show that nitrogen peroxide is, in general, a powerful promoter 
of the combustion of hydrogen, carbon monoxide, methane, and ethylene; that small 
amounts of iodine tend strongly to inhibit the ignition of these three gases; that bromine 
and its compounds behave even more effectively as inhibitors of the ignition of methane, but 
that tetraethyl-lead and phosphoryl chloride are less effective. 


The writer thanks the Safety in Mines Research Board for permission to publish this 
communication. 


SAFETY IN MINES RESEARCH BOARD LABORATORIES, 
SHEFFIELD. [Received, June 12th, 1934.) 





305. Homologues of Naphthacene. Part I. 2: 6-Dimethylnaphthacene. 
By Epwarp A. COULSON. 


ALTHOUGH pure anthracene is colourless, the material derived from coal-tar oils always 
has a more or less intense yellow colour which cannot be removed by crystallisation. The 
coloured impurity, which has frequently attracted attention, was named “ chrysogen ” by 
Fritzsche (Z. Chem., 1866, 2, 139), Morton (Chem. News, 1872, 26, 199), and Nickels (ibid., 
1880, 41, 95), and “ crackene”” by Bérnstein (Ber., 1906, 39, 1238). Owing to the small 
proportion present, its separation from commercial anthracene in quantity sufficient for 
detailed chemical examination is very tedious. While the work now to be described was in 
progress, Winterstein and Schén (Naturwiss., 1934, 22, 237) isolated a “‘ chrysogen ’’ whose 
m. p., composition, and absorption spectra showed its identity with naphthacene, a golden- 
orange hydrocarbon, m. p. ca. 335°, first prepared by Gabriel and Leupold (Ber., 1898, 31, 
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1272). The “‘ chrysogens ” isolated by previous workers were of lower m. p. and must 
therefore have contained substances other than naphthacene. 

The anthracenoid hydrocarbons of low-temperature tar differ markedly from those of 
high-temperature tar, not only in the high proportion of various $-methyl-substituted 
anthracene homologues, but also in the greater proportion of coloured constituents. A 
direct comparison of naphthacene with coloured material separated from low-temperature 
tar anthracenoid hydrocarbons, of which the m. p. had slowly risen from 280° to 341° during 
recrystallisation, showed that, in spite of remarkable similarity in appearance, m. p., and 
colour reaction (moss-green) with concentrated sulphuric acid, there were significant points 
of difference (Morgan and Coulson, J. Soc. Chem. Ind., 1934, 58, 71T). Support was given 
to the view that, in this case at least, the material consisted of one or more naphthacene 
homologues when it was found that on oxidation it did not furnish naphthacenequinone, 
m. p. 295°, but an impure quinone, m. p. 220—240°. 

No homologues of naphthacene have yet been synthesised, and the methods used for 
the preparation of naphthacene itself (Deichler and Weizmann, Ber., 1903, 36, 547; Gabriel 
and Leupold, Ber., 1898, 31, 1272; Fieser, J. Amer. Chem. Soc., 1931, 53, 2329) are not 
readily adapted to the preparation of 8-methyl- and 2 : 6- and 2 : 7-dimethyl-naphthacenes 
and the derived quinones which were initially required for comparison purposes. However, 
isoethine diphthalide (9 : 10-dihydroxynaphthacene-11 : 12-quinone; I, R = H) can readily 
be reduced to naphthacene (II; R = H), and there was reason to hope that the isomeric 
compound 9:10:11 : 12-tetraketo-9: 10: 11: 12: 15: 16-hexahydronaphthacene 
(III; R =H), prepared by Knorr and Scheidt (Ber., 1894, 27, 1167) by pyrolysis of ethyl 
dibenzoylsuccinate, could either be enolised to the isoethine diphthalide, or under alkaline 
conditions reduced to wa? era see Barnett, ‘“‘ Anthracene and Anthraquinone,”’ p. 146). 


CO 
OOO OE * 
_— oe GG OX s oe 


With a view to the synthesis on these lines of 2 : Nes aes 9:10:11: 12- 
tetraketo-2 : 6-dimethyl-9 : 10: 11:12:15: 16-hexahydronaphthacene (III; R= CH) was 
prepared by pyrolysis of 8- or y-ethyl di-p-toluoylsuccinate. When the tetraketone (ITI) 
was treated with warm dilute alcoholic potash in an attempt at enolisation, it readily under- 
went decomposition, probably with ring opening, and the resinous acid product bore no 
resemblance to isoethine diphthalide. Attempts to reduce the tetraketone to 2 : 6-dimethyl- 
naphthacene were not successful; nor was it possible to obtain ethyl di-p-toluoylfumarate 
(with a view to prepare 2: 6-dimethylnaphthacene-9 : 10:11: 12-diquinone, IV) by 
treatment of ethyl di-f-toluoylsuccinate with sodium and iodine, for the dilactone of 
a3-dihydroxy-a8-di-p-tolylbutane-By-dicarboxylic acid (V) was the only product isolated : 


39 a OEt 


AYO" | aoe, pe 


OEt ONa 
LOM 
0 ak 


It is clear that iodine plays no useful part in the formation of this compound. 
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When ethyl #-toluoylacetate was treated with sodium and iodine, two isomeric ethyl 
di-p-toluoylsuccinates were formed. They closely resemble the B- and y-isomerides of 
ethyl dibenzoylsuccinate (Knorr, Annalen, 1897, 293, 74) and are therefore given a corre- 
sponding nomenclature. Both on pyrolysis yield, besides the red tetraketone (III), a 
yellow compound, eéhyl 2 : 5-ditolylfuran-3 : 4-dicarboxylate. 

The synthesis of 2 : 6-dimethylnaphthacene was ultimately effected in two ways, although 
in the first the yield was very poor. 

(I) Pyrolysis of «B-bis-2 : 4-dimethylbenz soylethylenc. When trans-a«8-bis-2 : 4-dimethyl- 
benzoylethylene (V1) was heated at 315° for 5 minutes, it rapidly lost water and was trans- 
formed into a mixture containing the following five substances : 2 : 5-di-4'-m-xylylfuran, 
2: 4-dimethylacetophenone, «-bis-2 : 4-dimethylbenzoylethane, 2 : 4-dimethylbenzoic acid, 
and 2 : 6-dimethylnaphthacene (VII). The formation of the last-mentioned is apparently 
analogous to the formation of anthracene by the Elbs reaction : 


co Me 
4 \co  \/\ie Me 

(VI) M CHL / —— | (VII.) 
Me ~ ‘CO 


c He Cs he ott Ga <> H 


The poorness of the yield, coupled with the preponderance of the furan, shows that 
cis-isomerisation probably occurs in the first stage of the pyrolysis. -cis-Isomerisation of 
‘rans-«B-bis-2 : 4-dimethylbenzoylethylene occurs if it is exposed to light even in the dry 
state, and is rapid in alcoholic solutions containing a trace of potassium hydroxide (cf. 
dibenzoylethylene, Paal and Schulze, Ber., 1902, 35, 168; and di--toluoylethylene, 
Conant and Lutz, J. Amer. Chem. Soc., 1923, 45, 1305). 

(II) Pyrolysis of 3-p-toluoyl-2 : 6-dimethylnaphthalene. The usual product of pyrolysis 
of an o-methylbenzophenone is the anthracene (by loss of water, see above), but Elbs has 
noted the formation of an anthraquinone (by aerial oxidation), and the formation of an 
anthrone (loss of hydrogen) has been observed in rare cases. When 3-p-oluoyl-2 : 6- 
dimethylnaphthalene (VIII) is pyrolysed, much charring occurs, but two products may be 
isolated, 2: 6-dimethylnaphthacene (VII) and 2: 6-dimethyl-9 : 10-dihydronaphthacene 
(IX). The latter is dehydrogenated by heating, alone, or better with selenium, to the 
former, and both on oxidation yield 2 : 6-dimethylnaphthacene-9 : 10-quinone. 


H, 
Me Me Me 
(VII) M Me (IX.) 
c \cu,; 


The formation of a dihydride in an Elbs pyrolysis has previously been noted by Clar and 
John (Ber., 1929, 62, 3021), who obtained 2:3: 6: 7-dibenzdihydroanthracene from 
4 : 6-dibenzoyl-m-xylene. The unexpected degree of unsaturation thus shown by J/inear 
four- and five-ring systems in their ready formation of dihydrides is probably not 
unconnected with their deep colour. 

The 3--toluoyl-2 : 6-dimethylnaphthalene (VIII) required for this synthesis was 
obtained from 3 : 7-dimethyl-6-naphthol, which was converted by the Bucherer reaction 
into 3 : 7-dimethyl-B-naphthylamine. This base was diazotised and yielded by Sandmeyer’s 
process 3 : 7-dimethyl-B-naphthoniirile, which was saponified, and the resulting acid trans- 
formed by thionyl chloride into 3: 7-dimethyl-6-naphthoyl chloride. The acyl chloride 
condensed with toluene, in presence of aluminium chloride, to yield the required ketone. 


EXPERIMENTAL. 


p-Toluic acid is best prepared in quantity by hypobromite oxidation of p-methylacetophenone. 
Bromine (135 c.c.) was dissolved in an ice-cold solution of 265 g. of sodium hydroxide in 1700 c.c. 
of water, and added in portions to a cooled well-shaken mixture of 111 g. of p-methylacetophenone 
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and 111 g. of water until no further decolorisation occurred. The mixture was treated with 
sulphur dioxide, the heavy colourless oil (bromoform and carbon tetrabromide) removed, and 
pure p-toluic acid (83 g.), m. p. 179—181°, precipitated by acidification of the aqueous liquid. 

p-Toluoyl Bromide.—p-Toluic acid (109 g.) was boiled with 275 g. of phosphorus tribromide 
during } hour, and the crude acyl bromide decanted and fractionated in a vacuum, yielding 
111-5 g. of p-toluoyl bromide, b. p. 173°/113 mm., as a colourless heavy oil (Found: Br, 40-4. 
C,H,OBr requires Br, 40-2%). 

Ethyl p-Toluoylacetate—To the cold ethereal suspension of ethyl sodioacetoacetate prepared 
from 12 g. of powdered sodium and 69 g. of ethyl acetoacetate in about 400 c.c. of cold ether, 
an ethereal solution of 82 g. of p-toluoyl chloride was added in small portions with shaking 
during 2 hours, followed by a cold solution of 12 g. of sodium in 120 g. of absolute alcohol ; 
the whole was left over-night at 0°, and the yellow sodio-derivative of ethyl p-toluoylaceto- 
' acetate which crystallised was added to a solution of 63 g. of ammonium chloride in 255 c.c. of 
water at 40° containing 22-5 c.c. of aqueous ammonia (d 0-880). After 15 minutes’ shaking at 
this temperature, ethyl -toluoylacetate separated; it was taken up in ether, washed 
with dilute sodium carbonate solution and water, recovered, and distilled in a vacuum; yield, 
46-5 g. having b. p. 133°/2 mm. (42%). 

B- and y-Ethyl Di-p-toluoylsuccinates.—lodine (28-7 g.) was added in portions with shaking 
to a cooled ethereal suspension of the sodio-derivative of ethyl p-toluoylacetate formed from 
5-2 g. of powdered sodium and 46-5 g. of the ester. The ethereal solution was washed with 
dilute sulphurous acid and water. A portion of the product separated, and the remainder was 
obtained, after evaporation of the ether, as a resinous mass which crystallised slowly and 
incompletely. The less soluble portion, obtained by fractional crystallisation from alcohol 
and benzene, formed rosettes of colourless, elongated, rhombic plates (10-5 g.), m. p. 145° 
(Found: C, 70-3; H, 6-4. C,,H,.O, requires C, 70-3; H, 63%). It is distinguished as 
-ethyl di-p-toluoylsuccinate because of its correspondence to Knorr’s B-ethyl dibenzoyl-— 
succinate (loc. cit.). The more soluble part of the product slowly crystallised in contact with 
benzene and furnished the y-isomeride in tufts of colourless rhombs, m. p. 82—83°, when 
fractionally crystallised from this solvent (Found : C, 70-3, 70-6; H, 6-5, 6-6%). 

When 1-0 g. of either the 8- or the y-isomeride was boiled during 4 hour with a dilute alcoholic 
solution of sodium hydroxide, it was converted into af-di-p-toluoylethane, which crystallised 
on cooling in colourless needles, m. p. 161° (Found: C, 81-1; H, 7-0. Calc. for C,,H,,0,: 
C, 81-2; H, 68%). Conant and Lutz (loc. cit.) give m. p. 159°. A solution of «8-di-p-toluoyl- 
ethane in acetic acid containing a few drops of concentrated hydrochloric acid was boiled during 
} hour and yielded 2: 5-ditolylfuran, which crystallised on cooling in colourless, hexagonal, 
curled spangles, m. p. 166° (Found: C, 87-0; H, 6-6. C,,H,,O requires C, 87-1; H, 6-5%). 

Pyrolysis of B- and y-Ethyl Di-p-toluoylsuccinates.—Both isomeric esters were heated rapidly 
in 0-5 g. portions at 320° for 5 minutes. The product was cooled, and extracted with 
boiling alcohol. From 16 g. of the 8-isomeride, 2-5 g. of 9: 10: 11 : 12-tetvaketo-2 : 6-dimethyl- 
9:10: 11:12:15: 16-hexahydronaphthacene (III; R = CHs), which is only slightly soluble in 
boiling alcohol, were obtained; purified by recrystallisation from acetic acid, it formed red 
needles, m. p. 320° (Found: C, 75-4; H, 4-6. C,9H,,O, requires C, 75-5; H, 44%). Its 
solutions have a brilliant green fluorescence and it dissolves in cold concentrated sulphuric acid 
with development of a deep purple colour. 

The alcoholic washings of the pyrolytic product were concentrated and cooled, whereupon 
3-0 g. of ethyl 2 : 5-ditolylfuran-3 : 4-dicarboxylate separated; recrystallised from alcohol, this 
formed large, straw-coloured, elongated prisms, m. p. 118° (Found: C, 73-3, 73-3; H, 6-3, 6-4. 
C,,H,,O, requires C, 73-5; H, 6-1%). The ester was saponified by refluxing for } hour with 
aqueous-alcoholic caustic potash to yield the acid, which separated on acidification and, recrys- 
tallised from acetic acid, formed pale yellow needles, m. p. 264° (decomp.) (Found: C, 71-6; 
H, 4:8. Cy9H,,O0; requires C, 71-4; H, 4-8%). 

Reactions of 9:10:11: 12-Tetraketo-2 : 6-dimethyl-9 : 10: 11: 12: 15: 16-hexahydronaphthacene. 
—(1) Attempted reduction, The tetraketone was not vatted with zinc dust and ammonia solution, 
and was unaffected by Clemmensen methods of reduction, but when a solution in boiling acetic 
acid was treated with hydrochloric acid and amalgamated zinc, it decomposed into soluble 
resinous products which could not be crystallised. The tetraketone was heated with selenium 
at 280° but was unchanged ; at higher temperatures it sublimed. 

(2) Action of alkali. When a few drops of 50% sodium hydroxide solution were added to a 
suspension of the tetraketone in boiling alcohol, the ketone rapidly dissolved to a yellow solution. 
On cooling, dilution, and acidification, a yellow, gummy, acid substance separated, which was 
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fairly soluble in hot water but could not be crystallised and bore no resemblance to isoethine 
diphthalide (ruby needles, m. p. 346—347°). 

Action of Sodium and Iodine upon B-Ethyl Di-p-toluoylsuccinate—To 0-9 g. of powdered 
sodium, suspended in boiling ether, were added 8-0 g. of B-ethyl di-p-toluoylsuccinate, which 
slowly dissolved to a yellow solution. (The sodio-derivative of ethyl a-acetylsuccinate is soluble 
in ether, and probably the sodium forms a chelate ring in this type of compound; see Isbell, 
Wojcik, and Adkins, J]. Amer. Chem. Soc., 1932, 54, 3678.) Iodine (5-0 g.) was added in portions 
to the cold ethereal solution, which was finally washed with dilute sulphurous acid and water and 
concentrated ; a colourless crystalline compound (2-0 g.) which separated was recrystallised from 
benzene-petrol (b. p. 40—60°) and formed rhombs, m. p. 228—229° (Found: C, 74-6, 74:3; 
H, 5-5, 5-6. Cy9H,,O, requires C, 74-5; H, 5-6%). This compound is apparently the dilactone 
of a3-dihydroxy-a8-di-p-tolylbutane-fry-dicarboxylic acid (V). 

trans-aB-Bis-2 : 4-dimethylbenzoylethylene (V1).—Fumaric acid did not react with thionyl 
chloride, but after the acid (100 g.) had been treated with 360 g. of phosphorus pentachloride 
(Kekulé, Annalen, Suppl. 2, 86), 58-7 g. of fumary]l chloride, b. p. 157—162°, were isolated by 
fractional distillation. 

To 170 g. of powdered aluminium chloride, covered with carbon disulphide, were added first 
m-xylene (212 g.) and then a solution of 53 g. of fumaryl chloride in carbon disulphide. After 
standing for 2 days in the cold, the mixture was poured on ice. The bulk of the trans-«{-bis- 
2 : 4-dimethylbenzoylethylene separated; a smaller amount was recovered from the excess of 
m-xylene after concentration to small volume. The compound crystallised from acetic acid, in 
which it is rather easily soluble, or alcohol, in large, elongated, straw-coloured prisms (74 g.), 
m. p. 129—130° (Found: C, 82-3; H, 7-1. CypH»O, requires C, 82-2; H, 6-9%). Oddy 
(J. Amer: Chem. Soc., 1923, 45, 2159) described the preparation of this compound in poor yield, 
but gave no analysis and erroneously called it ‘‘ di-(2 : 4-xylyl)ethylene.”’ 

In acetic acid it rapidly added bromine, yielding «8-dibromo-aB-bis-2 : 4-dimethylbenzoylethane, 
colourless needles from alcohol, m. p. 146° (decomp.) (Found: C, 52-7; H, 4:8; Br, 35-6. 
Cy9H,,O,Br, requires C, 53-1; H, 4-4; Br, 35-4%). When reduced with zinc dust in boiling 
acetic acid, it furnished af-bis-2 : 4-dimethylbenzoylethane, colourless flat prisms or plates from 
acetic acid or alcohol, m. p. 131—132° (Found: C, 81-4; H, 7-6. C,. 9H,,O, requires C, 81-6; 
H, 7-56%). The ethane was boiled for a short time with a mixture of acetic and hydrochloric 
acids, and quantitatively yielded 2 : 5-di-4’-m-xylylfuran, which crystallised from petrol (b. p. 
40—60°) in colourless needles, m. p. 95—96° (Found: C, 86-9; H, 7-2. C,.H,.O requires 
C, 86-9; H, 7-2%). 

On exposure to sunlight, the yellow trans-af-bis-2 : 4-dimethylbenzoylethylene became 
coated with the colourless gummy cis-isomeride. The same transformation also occurred when 
the tvans-isomeride was dissolved in boiling acetic acid containing a few drops of concentrated 
hydrochloric acid, or in boiling alcohol containing a few drops of 50% aqueous potash. The 
cis-isomeride separated as a low-melting crystalline solid on cooling and dilution, but could not be 
freed from the yellow évans-isomeride into which it appeared to revert slowly when recrystallised. 
On reduction, the cis-isomeride yielded «8-bis-2 : 4-dimethylbenzoylethane quantitatively. 

Pyrolysis of trans-a8-Bis-2 : 4-dimethylbenzoylethylene.—The yellow isomeride was heated in 
2-0 g. portions at 315° for 5 minutes and the product was distilled and collected in two fractions 
boiling below and above 280°. When the first was cooled, a mixture of 2 : 4-dimethylbenzoic 
acid, m. p. 128°, and af-bis-2 : 4-dimethylbenzoylethane, m. p. 131—132°, crystallised; these 
constituents were separated and identified by mixed m. p. determinations with authentic speci- 
mens, The oily residue was fractionally distilled and yielded 2 : 4-dimethylacetophenone, b. p. 
228°, which was identified by its quantitative oxidation with sodium hypobromite solution to 
2: 4-dimethylbenzoic acid. The less volatile part of the pyrolytic product was diluted with 
ether and shaken with sodium carbonate solution to remove 2: 4-dimethylbenzoic acid. The 
ether was evaporated and left a deep red oil containing a small amount of 2 : 6-dimethylnaph- 
thacene, which slowly separated and was crystallised from acetic acid; it was identical with a 
specimen made from 3-p-toluoy]l-2 : 6-dimethylnaphthalene (see below). The remaining oil was 
mixed with an equal volume of petrol (b. p. 40—60°) and cooled to — 70°, whereupon crystals of 
slightly pink (due to traces of 2: 6-dimethylnaphthacene) but otherwise pure 2: 5-di-4’-m- 
xylylfuran separated, identical with a specimen made as above. 

3 : 7-Dimethyl-B-naphthylamine.—A poor yield of the base was obtained when dry sodium 
3: 7-dimethylnaphthalene-B-sulphonate (Weissgerber and Kruber, Ber., 1919, 52, 340) was 
heated at 200° for 2 hours with sodamide in naphthalene. 3: 7-Dimethyl-8-naphthol (Weiss- 
gerber and Kruber, Joc. cit.) (52 g.) was heated at 200° during 6 hours with 40 g. of ammonium 
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sulphite and 400 c.c. of ammonia solution (d 0-880) in an autoclave. The product was boiled 
with dilute sodium hydroxide solution, cooled, and thoroughly extracted with ether. From 
the ethereal extract, on shaking with 10% hydrochloric acid, 52-0 g. (83% of the theoretical 
yield) of the crude hydrochloride were precipitated, and 9-0 g. of the naphthol were recovered. 
The base, liberated by digesting the hydrochloride with warm dilute caustic soda solution, 
crystallised from petroleum (b. p. 60—80°) in colourless needles, m. p. 129°, readily soluble in 
benzene or alcohol (Found: C, 84-0; H, 7-7. Cj ,,H,,N requires C, 84-2; H, 7-6%). The 
hydrochloride forms minute colourless flakes, which darken at 200° and melt (decomp.) at 275° 
(Found: Cl, 17-0. C,,H,,;N,HCl requires Cl, 17-1%). The acetyl derivative, m. p. 231°, is 
dimorphic, separating from alcohol in voluminous tufts of colourless needles, which change 
slowly into colourless compact rhombs (Found: C, 78-9; H, 7-2. C,,H,,ON requires C, 78-9; 
H, 7-0%). 

3 : 7-Dimethyl-B-naphthonitrile-—The base (16-5 g.), suspended in 25 c.c. of concentrated 
hydrochloric acid and 80 c.c. of water, was treated at 0—5° with 8-0 g. of sodium nitrite, and the 
diazo-solution mixed with cold potassium cuprocyanide solution (34 g. of potassium cyanide, 
30 g. of copper sulphate, and 200 c.c. of water). The first-formed, thick, yellow-brown precipi- 
tate gradually decomposed with effervescence on warming to 100°, leaving a suspension of the 
crude nitrile (11-0 g.); when purified by sublimation and crystallisation from alcohol, this formed 
colourless flakes with a satiny sheen, m. p. 160° (Found: C, 86-3; H, 6-3. C,,;H,,N requires 
C, 86-2; H, 6-1%). 

3: 7-Dimethyl-8-naphthoic Acid.—A poor yield of the acid was obtained when equal weights 
of potassium cyanide and sodium 3 : 7-dimethylnaphthalene-B-sulphonate were heated under 
a water-pump vacuum and the resulting sublimate, containing the nitrile, was saponified. The 
nitrile, prepared as above from 16-5 g. of the base, was saponified by heating with 50% potassium 
hydroxide solution and alcohol for 24 hours. The mixture was diluted with water, and the 
filtered liquid acidified, whereupon 12 g. of the acid (yield, 62% of theoretical from base) were 
precipitated. It separated from aqueous acetic acid in colourless needles, m. p. 228° (Found : 
C, 77-8; H, 6-2. C,,;H,,0, requires C, 78-0; H, 60%). When the acid (21-0 g.) was boiled 
with 60 g. of thionyl chloride for 3 hours, it yielded 3 : 7-dimethyl-B-naphthoyl chloride, which was 
purified by distillation in a vacuum; it (23 g.) boiled at 182—185°/6 mm. and set on cooling to 
cream flakes, m. p. 79° (Found: Cl, 16-5. C,,;H,,OCIl requires Cl, 16-3%). The acid chloride 
reacts with aniline to give 3 : 7-dimethyl-B-naphthanilide, colourless flattened prisms with pearly 
lustre, from alcohol, m. p. 238° (Found : C, 82-6; H, 6-4. C,,H,,ON requires C, 82-9; H, 6-2%). 

3-p-Toluoyl-2 : 6-dimethylnaphthalene (VIII).—To powdered aluminium chloride (11-0 g.), 
covered with dry toluene and warmed to 40—50°, 11-0 g. of 3 : 7-dimethyl-8-naphthoy] chloride, 
dissolved in 20 c.c. of toluene, were slowly added. The reaction mixture, after standing over- 
night, was poured on ice, whereupon the ketone (6-0 g.) crystallised from the excess of toluene; 
recrystallised from alcohol, it formed cream-coloured elongated plates or leaflets, m. p. 168° 
(Found: C, 87-4; H, 6-7. Cy 9H,,O requires C, 87-6; H, 6-6%). Part of the reaction product 
remained dissolved in the excess of toluene, and was recovered as a thick viscid oil which charred 
when heated at 400° and yielded no sublimable pyrolytic products. 

Pyrolysis of 3-p-Toluoyl-2 : 6-dimethyinaphthalene—When the ketone was heated at 360— 
400° for 4 hours, it gradually lost water and yielded a sublimate containing two substances, 
which were separated by fractional crystallisation from acetic acid. The less soluble, 2: 6- 
dimethylnaphthacene (0-1 g.), formed golden-orange flakes, m. p. 365° (if heated slowly, it darkens, 
partly sublimes, and melts at 350—360°) (Found : * C, 93-1; H, 6-5. C,9H,, requires C, 93-7; 
H, 63%). This hydrocarbon, which is sparingly soluble in the common solvents, yielding 
orange solutions with marked green fluorescence, is soluble in cold concentrated sulphuric acid, 
but is precipitated when the deep moss-green solution is diluted with water. 

The second substance, 2 : 6-dimethyl-9 : 10-dihydronaphthacene (1-5 g.) (Found: * C, 93-0; 
H, 7-3. CygH,, requires C, 93-0; H, 7-0%), is freely soluble in acetic acid, less soluble in alcohol, 
and crystallises in pale yellow flakes, m. p. 217°. It does not dissolve in nor develop a coloration 
with cold concentrated sulphuric acid. When heated with selenium for 2 hours at 230°, it loses 
hydrogen to give 2 : 6-dimethylnaphthacene, which sublimes at 350°. 

2 : 6-Dimethylnaphthacene-9 : 10-quinone.—2 : 6-Dimethylnaphthacene (0-1 g.) was dissolved 
in boiling acetic acid, and chromic anhydride (0-13 g.) added in portions. The quinone was 
Precipitated on dilution with water and, after being warmed with dilute sodium carbonate solu- 
tion, was crystallised from acetic acid, in which it was moderately easily soluble, forming yellow 
flakes, m. p. 249° (decomp.) (Found: C, 83-5; H, 5-0. C. 9H,,O, requires C, 83-9; H, 49%). 
In another preparation, 0-14 g. of 2 : 6-dimethyl-9 : 10-dihydronaphthacene was oxidised with 
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0-2 g. of chromic anhydride. The deep reddish-purple colour of the solution of the quinone in 
cold concentrated sulphuric acid fades on dilution, and the quinone is finally precipitated. 


Thanks are due to Dr. J. J. Fox of the Government Laboratory for the micro-analyses marked 
with an asterisk, and to Professor G. T. Morgan, O.B.E., F.R.S., Director of Chemical Research, 
for his interest and advice and for permission to publish these results. 


CHEMICAL RESEARCH LABORATORY, TEDDINGTON. [Received, July 7th, 1934.] 





306. f-isoPropylnaphthacene. 
By J. W. Cook. 


THE simplest derivative of 1 : 2-benzanthracene in which cancer-producing activity is 
shown to a marked degree is 6-isopropyl-1 : 2-benzanthracene (Cook, J., 1932, 456). In 
order to make a comparison between the ring systems of 1 : 2- and 2 : 3-benzanthracene, 
the analogous 6-isopropyl-2 : 3-benzanthracene (8-isopropylnaphthacene) was synthesised. 
This hydrocarbon has been applied in benzene solution to the skin of a series of 10 mice, 
all of which were still alive after 1 year, and 4 of them after 2 years. No tumours were 
obtained. For these animal experiments I am indebted to Professor E. L. Kennaway, 
F.R.S. The method used for the synthesis of 6-isopropyl-2 : 3-benzanthracene was 
exactly analogous to that described for the preparation of 6- and 7-isopropyl-1 : 2- 
benzanthracenes (Cook, /oc. cit.). 

2-Cuminoyl-3-naphthoic Acid —Anhydrous aluminium chloride (18 g) was slowly added, 
with agitation, to a suspension of naphthalene-2 : 3-dicarboxylic anhydride (kindly presented 
by Imperial Chemical Industries, Ltd.), (12 g.) in cumene (40 c.c.). The resulting amber syrup 
was kept at room temperature for 6 hours with occasional shaking. The keto-acid was 
isolated in the usual way and recrystallised from benzene (yield, 8 g.). After recrystallisation 
from acetic acid, 2-cuminoyl-3-naphthoic acid formed colourless needles, m. p. 218—219°, 
giving a carmine solution in concentrated sulphuric acid (Found : C, 79-1; H, 5-65. C,,H,,0, 
requires C, 79-2; H, 5-7%) 

2-p-isoPropylbenzyl-3-naphthoic Acid.—A solution of the keto-acid (6 g.) in N-potassium 
hydroxide solution (300 c.c.) was boiled with zinc dust (15 g.) for 24 hours and filtered hot. 
On cooling, the filtrate gave a colourless precipitate, which was collected, dissolved in water, 
and the solution acidified. The resulting 2-p-isopropylbenzyl-3-naphthoic acid was recrystallised 
from aqueous alcohol (yield, 4-6 g.) and then benzene, forming colourless needles, m. p. 183°, 
which gave an orange-red solution in concentrated sulphuric acid (Found: C, 82-8; H, 6-7. 
C,,H,»0, requires C, 82-85; H, 6-6%). 

6-isoPropyl-2 : 3-benz-10-anthrone—A mixture of the isopropylbenzylnaphthoic acid 
(2-5 g.) and anhydrous zinc chloride (7-5 g.) was stirred at 185—190° for } hour. After cooling, 
the brittle yellow mass was powdered, extracted with water and then dilute sodium carbonate 
solution, and the residual solid recrystallised from alcohol. Recrystallisation of the resulting 
6-isopropyl-2 : 3-benz-10-anthrone (1-7 g.) from acetic acid gave almost colourless needles, 
m. p. 180°, which, like 2: 3-benz-9-anthrone (Fieser, J. Amer. Chem. Soc., 1931, 53, 2331), 
gave a purple solution in alcoholic alkali, rapidly decolorised by air (Found: C, 88-0; H, 6-4. 
C,,H,,O0 requires C, 88-1; H, 6-3%). This anthrone was also obtained by dehydration of the 
benzylnaphthoic acid with ice-cold concentrated sulphuric acid (2 hours). 

6-isoPropyl-2 : 3-benzanthraquinone was obtained by oxidising the anthrone with sodium 
dichromate in boiling acetic acid. It crystallised from alcohol in small yellow needles, m. p. 
131—132°, and gave a purple solution in concentrated sulphuric acid (Found : C, 83-9; H, 5-4. 
C,,H,,O, requires C, 84-0; H, 5-4%). 

6-isoPropyl-2 : 3-benzanthracene.—The anthrone (1 g.) was heated on the water-bath for 15 
minutes with zinc dust (2 g.), alcohol (50 c.c.), and 25% alcoholic sodium hydroxide (5c.c.). The 
yellow solution was filtered from zinc, and treated with concentrated hydrochloric acid (10 c.c.) in 
order to dehydrate the dihydroanthranol. 6-isoPropyl-2 : 3-benzanthracene then crystallised, and 
was recrystallised from xylene, forming golden-orange leaflets (0-4 g.), m. p. 273—274°, very 
sparingly soluble in the usual media (Found : C, 93-2; H, 6-6. C,,H,, requires C, 93-3; H, 6-7%). 

THE RESEARCH INSTITUTE OF THE CANCER HOSPITAL (FREE), Lonpon, S.W.3. 
[Received, July 7th, 1934.) 
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307. Derivatives of Naphthalene-2 : 3-dicarboxylic Acid. 
By WILSON BAKER. 


NiTRATION of naphthalene-2 : 3-dicarboxylic acid with concentrated nitric acid at 100° 
gives 5-nitronaphthalene-2 : 3-dicarboxylic acid, from which 5-aminonaphthalene-2 : 3- 
dicarboxylic acid is obtained by reduction with ferrous sulphate and ammonia. This base 
reacts in position 8 with diazonium salts in acid solution to yield aminoazo-compounds, 
reduction of which with stannous chloride and hydrochloric acid yields 5 : 8-diaminonaph- 
thalene-2 : 3-dicarboxylic acid. The orientation of these substances follows from the fact 
that the aminoazo-compounds, if sufficiently soluble in water, may be diazotised and 
coupled with phenolic compounds to give bisazo-dyes. The aminoazo-compounds from 
5-aminonaphthalene-2 : 3-dicarboxylic acid and diazotised aniline or sulphanilic acid were 
insufficiently soluble for this purpose, but diazotised 6-naphthylamine-6 : 8-disulphonic 
acid yielded an aminoazo-compound which was further diazotised and coupled with both 
8-naphthol-3 : 6-disulphonic acid and 1l-amino-8-naphthol-3 : 6-disulphonic acid. The 
formation of these bisazo-dyes precludes the possibility of the amino-group being in 
position 6, since this would give an o-aminoazo-compound incapable of diazotisation. The 
only other possibility is position 1, but nitration of naphthalene-2 : 3-dicarboxylic acid in 
this position is very unlikely, and the corresponding 1-aminonaphthalene-2 : 3-dicarboxylic 
acid would not be expected to couple readily with diazonium salts, nor would the aminoazo- 
compound be likely to be capable of ready diazotisation. 

Nitration of napththalene-2 : 3-dicarboxylic acid in sulphuric acid gives a dinitro- 
derivative, probably either 5 : 6- or 1 : 5-dinitronaphthalene-2 : 3-dicarboxylic acid. 

A number of N-substituted imides of 5-nitronaphthalene-2 : 3-dicarboxylic acid and of 
4-nitrophthalic acid are described. 

EXPERIMENTAL. 

5-Nitronaphthalene-2 : 3-dicarboxylic Acid.—Finely powdered naphthalene-2 : 3-dicarboxylic 
acid (10 g.) and nitric acid (30 c.c.; d 1-42) were heated at 100° for 1 hour with occasional 
shaking. The sandy product (11-5 g.) was collected after the addition of water, washed, and 
crystallised from 50% acetic acid (350 c.c.). It formed pale yellow, prismatic needles, m. p. 
about 238° with slight previous softening and formation of the anhydride (Found: C, 54:8; 
H, 2-5; N, 5-4; equiv., 130-0. C,,H,O,N requires C, 55-2; H, 2-7; N, 5-3%; equiv., 130-5). 
The anhydride, best prepared by boiling the acid with acetic anhydride for 1 hour, separated 
from acetic anhydride in pale yellow, irregular prisms, m. p. 208° (Found: N, 5-8. C,,H,O;N 
requires N, 5-8%). The imide, from the anhydride (8-1 g.) and urea (2 g.) at about 200°, separated 
from pyridine in pale yellow, flat prisms containing solvent of crystallisation which was lost on 
digestion with warm benzene; m. p. 300° (Found in material dried at 100° in a vacuum: N, 
11-2. C,,H,O,N, requires N, 11-6%). The phenylimide, from the acid (1 g.) and aniline (2 c.c.) 
for 5 minutes at the b. p., followed by addition of benzene, separated from benzene, in which it 
was very sparingly soluble, in pale yellow, feathery crystals, m. p. 232° (Found: N, 8-6. 
C,3H,,O,N, requires N, 8-8%). The p-nitrophenylimide, prepared by slowly heating an inti- 
mately powdered mixture of the acid (5-2 g.) and p-nitroaniline (10-4 g.) to 250°, and sub- 
sequently digesting the crushed mass with warm dilute hydrochloric acid to remove the excess 
of p-nitroaniline, separated from boiling glacial acetic acid, in which it was exceedingly sparingly 
soluble, in fine needles, m. p. 254° (Found: N, 11-5. C,g,H,O,N; requires N, 11-6%). 

Dinitronaphthalene-2 : 3-dicarboxylic Acid.—Naphthalene-2 : 3-dicarboxylic acid (2 g.) in 
concentrated sulphuric acid (5 c.c.) was treated with nitric acid (2 c.c.; d 1-42) in concentrated 
sulphuric acid (5 c.c.), and after several hours the solution was diluted and the product collected. 
It separated from hot water in thin needles, m. p. 254° (Found: N, 9-3; equiv., 156. 
C,,H,O,N, requires N, 9:3%; equiv., 153). When boiled with a 3% alcoholic solution of 
hydrogen chloride for 6 hours, it gave the monoethyl ester as prisms, containing alcohol of 
mT eae which was lost at 100°, m. p. 229° (Found: N, 8-7. C,4H,O,N, requires N, 
4%). 

5-A minonaphthalene-2 : 3-dicarboxylic Acid——To a solution of 5-nitronaphthalene-2 : 3- 
dicarboxylic acid (14 g.) in aqueous ammonia (100 c.c. of aqueous ammonia, d 0-88; 300 c.c. of 
water) was added a hot solution of crystallised ferrous sulphate (122 g.) in water (200 c.c.), and 
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the mixture heated on the steam-bath for 4 hour. The product was filtered whilst hot, and 
addition of acetic acid (50 c.c.) to the filtrate precipitated a flocculent mass which subsequently 
became crystalline and was collected after 12 hours (8-5 g.). It crystallised from 75% acetic 
acid, in which it was very sparingly soluble, in fine needles, m. p. above 360° (Found: N, 4-9. 
C,,H,O,N,C,H,O, requires N, 48%). Its solution in acetic acid shows a weak green fluorescence 
in ultra-violet light. 5-Acetamidonaphthalene-2 : 3-dicarboxylic anhydride (acetic anhydride for 
} hour at the b. p.) formed small needles, m. p. 290° (darkening; rapid heating) (Found : 
C, 65-9; H, 3-6. C,,H,O,N requires C, 65-9; H, 3-5). 

5 : 8-Diaminonaphthalene-2 : 3-dicarboxylic Acid.—5-Aminonaphthalene-2 : 3-dicarboxylic 
acid (6-93 g.; 1 mol.) was dissolved in a hot mixture of concentrated hydrochloric acid (18 c.c.) 
and water (100 c.c.), and the rapidly cooled solution added to a solution of benzenediazonium 
chloride (aniline, 2-79 g.; N-hydrochloric acid, 90 c.c.; 2% sodium nitrite solution, 103-5 c.c.) 
at 0°. Coupling occurred on the addition of crystallised sodium acetate (90 g.), and the deep- 
violet, flocculent product was collected after a few hours. This aminoazo-compound was now 
warmed with alcohol and excess of stannous chloride in concentrated hydrochloric acid until the 
deep colour faded. The diluted solution was treated with excess of hydrogen sulphide, the 
filtrate evaporated to dryness in a vacuum, and the crystalline residue washed with boiling water 
to remove aniline hydrochloride. 5: 8-Diaminonaphthalene-2 : 3-dicarboxylic acid formed 
minute yellow prisms, which did not melt but decomposed at high temperatures (Found in 
material dried at 100° in a vacuum: N, 9-8. C,,H,)0,N,,2H,O requires N, 9-9%). The 
hydrochloride separated from somewhat dilute hydrochloric acid in small crystals, which yielded 
the free base on treatment with water. 

5-A mino-8-p-sulphobenzeneazonaphthalene-2 : 3-dicarboxylic Acid.—This was prepared by 
coupling diazotised sulphanilic acid with 5-aminonaphthalene-2 : 3-dicarboxylic acid, as 
described above. The deep-red pasty mass was diluted after several hours, excess of hydro- 
chloric acid added, and the whole heated to 80°, the flocculent violet product being converted 
into an almost black, microcrystalline powder with a green reflex. This was washed with hot 
water and dried in a vacuum at 100° (Found: N, 9-7. C,,H,,0,N,S,H,O requires N, 9-7%); 
its alkaline solutions were intensely orange. 

Bisazo-dyes derived from 5-Aminonaphthalene-2 : 3-dicarboxylic Acid.—Sodium $-naphthyl- 
amine-6 : 8-disulphonate (8-6 g.) was diazotised and treated with 5-aminonaphthalene-2 : 3- 
dicarboxylic acid (6-2 g.) as above. The mixture was stirred for 2 hours in the cold, and after 
addition of sodium acetate (50 g.), warmed to 50° and treated with excess of acetic acid. The 
deep-violet product was collected, washed, dissolved in water (200 c.c.) and concentrated 
hydrochloric acid (12-5 c.c.), and treated with sodium nitrite (1 g.) in water at 10°, the resulting 
brown solution being kept for 12 hours at 0° and divided into two portions. These were treated 
with 4-3 g. of the sodium salts of (i) 8-naphthol- and (ii) 1-amino-8-naphthol-3 : 6-disulphonic 
acids dissolved in water (100 c.c.) containing sodium carbonate (30 g.), and then stirred for 
2 hours, heated to 80°, cooled, saturated with sodium chloride, and the almost black, crystalline 
products collected. The bisazo-dye from (i) gave an intensely violet solution in water, which 
became indigo-blue on the addition of sodium hydroxide, whilst that from (ii) gave an exceedingly 
intense Prussian-blue solution; they could not be obtained in an analytically pure condition. 

4-Nitrophthalo-p-nitrophenylimide.—4-Nitrophthalic acid (6-3 g.) and p-nitroaniline (4-1 g.) 
were powdered, and heated (oil-bath at 200°) for 10 minutes. The product separated from acetic 
acid (500 c.c.) in colourless prisms (6-1 g.), m. p. 253° (Found: C, 54-0; H, 2-5; N, 135. 
C,,H,O,N, requires C, 53-7; H, 2-2; N, 13-4%). 

4-Nitrophthalo-p-acetamidophenylimide.—Powdered 4-nitrophthalic acid (63 g.) and p- 
aminoacetanilide (4-5 g.) were heated to 250° during 20 minutes. The product was crystallised 
twice from glacial acetic acid (600 c.c.) and formed thin, yellow, prismatic needles (5-7 g.), 
m. p. 295° (partial decomp.) (Found: C, 59-3; H, 3-5; N, 12-7, Cj .H,,O,N, requires C, 59'1; 
H, 3-4; N, 12-9%). 


The author’s thanks are due to Imperial Chemical Industries, Limited, for a grant and a 
supply of naphthalene-2 : 3-dicarboxylic acid. 


Tut Dyson Perrins LABORATORY, OXFORD UNIVERSITY. [Received, July 19th, 1934.) 
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308. The Nitration of 2-Meihylindole. 
By F. C. Matuur and ROBERT ROBINSON. 


It is now established that trinitrostrychol is 3: 5: 7-trinitroindole-2-carboxylic acid 
(synthesis, Hill and Robinson, J., 1933, 486), and as we have obtained a different 3 : ? : ?- 
trinitroindole-2-carboxylic acid by nitration of 2-methylindole, followed by oxidation, it 
is evident that the nitro-groups in the latter cannot occupy positions 5and 7. This being 
so, it would appear that the aromatic nucleus is activated by the nitrogen atom through the 
double bond in position 2 : 3, and hence it is probable on theoretical grounds that one nitro- 
group occupies position 4; the third nitro-group may be in position 5, 6, or 7. 

Nitration in the methyl group is excluded by the formation of a ¢rinitro-acid on 
oxidation, and the alkali-solubility of the ¢rinitromethylindole similarly excludes the 
1-position. 

EXPERIMENTAL. 


Dinitro-2-methylindole (Walther and Clemen, J. pr. Chem., 1900, 61, 249) is conveniently 
obtained by slowly heating a mixture of 2-methylindole (10 g.) and nitric acid (100 c.c., d 1-42) 
to about 50°, a vigorous reaction then setting in. After cooling, the solid is collected, rapidly 
dissolved in dilute aqueous potassium hydroxide, arid expeditiously reprecipitated by means of 
nitric acid. Three recrystallisations from 50% alcohol afford 5-6 g., m. p. 265—267°, not 
depressed by admixture with an authentic specimen. , 

3: ? :? -Trinitro-2-methylindole-—Working as above and with double quantities, we allowed 
the first vigorous reaction to proceed and subside. Heating on the steam-bath was then 
continued until a clear solution resulted (30 mins.) and, on cooling, the pure érinitro-derivative 
crystallised. Recrystallised from nitric acid, it formed long cream-coloured needles (8-2 g.), 
m. p. 254—256° (decomp.) with previous darkening (Found : C, 40-6, 40-9; H, 2-3, 2-3; N, 21-0. 
C,H,O,N, requires C, 41-1; H, 2-5; N, 206%). The substance is moderately readily soluble 
in alcohol and very sparingly soluble in ether and benzene. It dissolves in aqueous sodium 
carbonate or sodium hydroxide toa yellow solution, from which a yellow crystalline salt separates ; 
it is insoluble in aqueous sodium hydrogen carbonate. Picric acid was isolated from the mother- 
liquor of the preparation, but it cannot be obtained by oxidative nitration of the trinitromethyl- 
indole. The latter was also obtained from dinitro-2-methylindole by heating this with 10 times 
its weight of nitric acid (d 1-42). 

Condensation with p-dimethylaminobenzaldehyde. A mixture of trinitro-2-methylindole 
(5 g.), p-dimethylaminobenzaldehyde (2-5 g.), piperidine (2 c.c.), and alcohol (100 c.c.) was 
refluxed for 2 hours and then concentrated. The separated trinitro-2-p-dimethylaminostyryl- 
indole was very sparingly soluble in most solvents, but crystallised from pyridine as long, dark 
green needles, of which the decomposition point could not be observed yield, (80%) (Found : 
C, 54-5; H, 3-8; N, 17-2. C,,H,;0,N; requires C, 54-4; H, 3-8; N, 17-6%). The formation 
of this “oneee shows that the methyl group in the 2-position is activated by an o-situated 
nitroxyl. 

Trinitroindole-2-carboxylic Acid.—A solution of potassium permanganate (27 g.) in water 
(300 c.c.) was added to one of trinitro-2-methylindole in hot aqueous potassium hydroxide 
(200 c.c. of 5%). After 2 hours’ heating on the steam-bath, a crude acid (5 g.) was isolated from 
the concentrated alkaline solution. It was purified by solution in, and recovery from, aqueous 
sodium hydrogen carbonate, and by crystallisation from nitric acid (@ 1-42), forming small, 
intensely yellow needles (1-5 g.), m. p. 227—-229° (Found: C, 36-2; H, 15; N, 18-4. 
C,H,O,N, requires C, 36-5; H, 1-4; N, 189%). The acid is soluble in ether, acetone, and 
alcohol, and sparingly soluble in benzene and chloroform. The alkaline solutions are yellow and 
stable on heating (distinction from trinitrostrychol) ; the yellow crystalline sodium salt is rather 
sparingly soluble. 

The ethyl ester (acid refluxed with alcoholic sulphuric acid for 7 hours) crystallised from 50% 
alcohol in long cream-coloured needles, m. p. 198—199° (Found : C, 40-9; H, 2-5. C,,H,O,N, 
requires C, 40-7; H, 2-7%). The methyl ester darkens at 195° and melts at 202—205°. 


THE Dyson PERRINS LABORATORY, OxFORD UNIVERSITY. (Received, July 30th, 1934.] 
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309. Hxperiments on the Synthesis of Physostigmine (Eserine). Part 
X. dl-Noresermethole and Crystalline dl-Eserethole. 


By F. E. Kinc, MArio Liguori, and RoBert RoBInson. 


dl-ESERETHOLE (I) synthesised by the method of the present authors (J., 1933, 1474) has 
now been obtained in crystalline form and fully characterised. Unfortunately, however, 
all attempts to effect its resolution into diastereoisomerides have been unsuccessful. In 
the meantime, Hoshino and Kobayashi have continued their parallel investigations and 
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obtained several of the substances already described in this series of memoirs, ¢.g., noresere- 
thole and eserethole methopicrate (Proc. Imp. Acad. Japan, 1934, 10, No. 2, 99). The 
m. p.’s ascribed are somewhat lower than ours, doubtless because the Japanese chemists 
rely on a methylation of dinoreserethole salts, and the methyl group may take one of two 
positions; for instance, Robinson and Suginome (J., 1932, 313) give dl-noreserethole 
picrate, m. p. 191—192° (Hoshino and Kobayashi, m. p. 180—181°); picrolonate, 227° 
(221°). The descriptions tally, however, and we consider that the monomethylation must 
proceed substantially as Hoshino and Kobayashi state. 

These authors further claim that the direct action of methyl iodide on dinoreserethole 
furnishes a methiodide of a dimethyl derivative (introduction of 3Me), and by the action of 
alkali this yields a base, C,gH,,ON,, to which they ascribe the formula (II). This is a 
highly improbable constitution and, if the composition has been correctly determined, we 
consider the extra methyl must be attached to a carbon atom, most plausibly that which 
connects the nitrogens. But the description of the base and its derivatives tallies with our 
findings in respect of dl-eserethole and corresponding derivatives; we are furthermore 
satisfied that the composition of our base is C,;H,,ON, and it certainly contains only two 
methyl groups attached to nitrogen. We anticipate that reinvestigation will show that the 
bases are identical and that the action of alkali on trimethyldinoreserethole iodide results 
in the loss of a methyl group. 

As we experienced such difficulty in the resolution of di-eserethole, we turned to the case 
of di-esermethole and have greatly improved the details of the synthesis of d/-noresermethole 
(loc. cit.) so that it is now a reasonably convenient series of processes. Unfortunately, the 
monomethylation of d/-noresermethole could not be accomplished under the conditions that 
succeed with di-noreserethole; only a minute amount of esermethole picrate could be 
isolated. 

In the course of these methylation experiments we isolated an esermethole methopicrate 
crystallising in rhomboidal plates, m. p. 192—193°.- Esermethole methopicrate (King and 
Robinson, J., 1932, 1433) usually occurs in hexagonal plates, m. p. 184—186°, and natural 
(active) esermethole methopicrate forms rhomboidal plates, m. p. 194°. It appears that 
the substance exists in two crystalline modifications, and it is of interest that one of them 
very closely resembles the derivative of natural origin. The alternative hopeful idea of 
spontaneous resolution did not survive the experimental test. 





EXPERIMENTAL. 


y-Phthalimido-a-methylbutaldehyde.—Experience in the preparation of this substance (J., 
1933, 1475) has enabled us to effect improvements in the yields at the various stages. 

Phthalo-8-bromoethylimide. An intimate mixture of powdered phthalimide (147 g.), dried 
potassium carbonate (75 g.), and ethylene dibromide (470 g.) was gradually heated until reaction 
occurred. It was then refluxed for 5 hours (oil-bath kept rigorously at 150°), and the excess of 
ethylene dibromide recovered by steam distillation. The pale brown residue solidified and was 
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washed with water and dried. The crude product was extracted with light petroleum (b. p. 
40—60°) in the known manner (yield, 140 g.; m. p. 80—81°). 

Methyl-8-phthalimidoethylmalonic acid. Hydrochloric acid (160 c.c., d 1-17) was mixed with 
acetic anhydride (100 c.c.), and ethyl methyl-$-phthalimidoethylmalonate (20 g.) added; 
solution occurred at once. After 1 hour’s boiling, the solvent was removed by heating on the 
steam-bath under diminished pressure, and the crystalline acid which separated was collected, 
washed with a little water, and dried; yield 14-5 g., m. p. 170—173° (decomp.). 

y-Phthalimido-a-methylbutyric acid. The foregoing acid (15-5 g.) was decarboxylated by 
heating at 170—180° until evolution of carbon dioxide ceased. The oily residue was dissolved 
in boiling benzene (100 c.c.), filtered, and an equal volume of light petroleum (b.p. 40—60°) 
added. After being kept for 12 hours, the crystals were collected and dried (14 g., m. p. 109—— 
110°); twice recrystallised from benzene-—light petroleum, they melted at 113—114°. 

y-Phthalimido-a-methylbutyramide. The preceding acid (18 g.) was converted into its 
chloride by refluxing for } hour with thionyl chloride (27 g.). The excess of the reagent was then 
evaporated under diminished pressure, the oily residue dissolved in anhydrous ether (200 c.c.), 
and the solution saturated at 0° with dry ammonia. The thick white paste containing amide 
and ammonium chloride was filtered off, and the white powder shaken with water (50 c.c.). 
The crude amide was collected, dried, and crystallised from alcohol (150 c.c.) (yield, 14 g., 
m. p. 161—162°, representing a considerable improvement). 

y-Phthalimido-a-methylbutyronitrile. The amide (28 g.) was refluxed with thionyl chloride 
(45 g.) for } hour. The excess of thionyl chloride was then removed, and the residue crystallised 
from alcohol (100 c.c.) (yield 24 g., m. p. 101—102°). 

The preparation of y-phthalimido-«-methylbutaldehyde was carried out as previously 
described (loc. cit.), but on a larger scale (8 g. of the nitrile gave 5 g. of the nearly pure aldehyde). 

5-Methoxy-3-methyl-3-(8-phthalimidoethyl)indolenine.—A solution of y-phthalimido-a«-methyl- 
butaldehyde (5 g.) and ~-methoxyphenylhydrazine (3 g.) in alcohol (100 c.c.), when refluxed for 
3} hour, became nearly colourless. It was cooled in ice-salt, saturated alcoholic hydrogen 
chloride (40 c.c.) slowly added, and the whole kept for 12 hours at room temperature. The 
acid solvent was evaporated as far as possible in a vacuum over sodium hydroxide, the residue 
was diluted with water, and the base then liberated by means of sodium carbonate and collected 
by means of ether, the solvent being removed in the cold under diminished pressure. The 
brown syrupy residue was dissolved in alcohol (20 c.c.) and mixed with a solution of picric acid 
(5 g.) in boiling alcohol (30c.c.). The picrate separated in yellow prisms (7-2 g.), m. p. 158—159° ; 
recrystallised from alcohol, m. p. 159—160° (Found : C, 55-4; H, 3-9; N, 12-6. C,g.H,,;O,9N;, 
requires C, 55-4; H, 3-7; N, 12-4%). 

A. suspension of the picrate (7 g.) in ether (200 c.c.) was repeatedly shaken with 
aqueous sodium bicarbonate until the aqueous layer was colourless. After being dried over 
anhydrous sodium sulphate, the ether was distilled, and the residue dried in a vacuum desiccator 
over phosphoric oxide. The free base was a clear thick syrup (4 g.) which could not be 
crystallised. The methosulphate was prepared by heating a mixture of the crude base (4 g.), 
pure methy! sulphate (3 g.), and dry benzene (20 c.c.) for 5 minutes on the steam-bath. On 
cooling, the viscous oil which had separated solidified ; it was collected, washed with ether, and 
recrystallised from alcohol-ether, forming colourless prisms, m. p. 170° (4-8 g.) (Found: N, 6-0. 
C,,.H,,O,N,S requires N, 6-1%). 

dl-Noresermethole.—A solution of the above methosulphate (4-5 g.) and hydrazine hydrate 
(4-5 g.) in alcohol (40 c.c.) was boiled for 5 minutes, then cooled, acidified with hydrochloric acid, 
left for 1 hour, and filtered. The filtrate was concentrated in a vacuum desiccator over sulphuric 
acid, the crystalline residue dissolved in water, and the base liberated by means of potassium 
hydroxide, and isolated, by means of ether, as a pale yellow oil (1-8 g.). The picrate, prepared 
in alcoholic solution, crystallised from alcohol in well-formed, reddish-orange, rhomboidal 
prisms, m. p. 162—163° (Found : C, 51-2; H, 4-6. C,gH,,O,N; requires C, 51-0; H, 4-:7%). 

Methylation of dl-Noresermethole.—The base obtained as described above was purified through 
the picrate, which, after recrystallisation, was decomposed by means of 1% aqueous sodium 
hydroxide, and the regenerated base was isolated by means of ether. 

(1) Pure di-noresermethole (0-7 g.) in dry benzene (2 c.c.) was mixed with a solution of methyl 
p-toluenesulphonate (0-6 g., 1 mol.) in ethyl acetate (2c.c.). The whole was kept for 24 hours 
at the room temperature and then heated for 20 minutes on a steam-bath. Light petroleum 
precipitated a viscous syrup, from which the solvent was decanted, and the residue, after 
stirring with a little ether, was mixed with water (50c.c.). The solution was basified with sodium 
hydroxide and extracted with ether, the solvent separated and distilled, and the oily residue 
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dissolved in alcohol (2 c.c.) and mixed with a boiling solution of picric acid (0-8 g.) in alcohol 
(5 c.c.). After cooling, the picrate separated as a thick reddish syrup; it was obtained in a 
crystalline condition from alcohol, but proved to be a mixture and was therefore resolved by 
fractional crystallisation from alcohol. The first fraction was a mixture of a crystalline powder 
(0-5 g.), m. p. ca. 180°, and well-formed, reddish-orange, rhomboidal prisms (0-3 g.), m. p. 
161—162°; these were separated mechanically. From the mother-liquors after several days, a 
third compound, m. p. ca. 150°, separated. 

The product of m. p. ca. 180°, after several recrystallisations from alcohol, was obtained in 
well-formed hexagonal plates, m. p. 190° (A) (Found: C, 53-0, 53-2; H, 5-4, 5-4; N, 15-0. 
Calc. for di-esermethole methopicrate, C,,H,,O,N,;: C, 53-1; H, 5-3; N, 14-7%); mixed with 
the specimen of d/-esermethole methopicrate obtained by King and Robinson (/oc. cit.), m. p. 
183—184°, it melted at 184—185°. 

The product of m. p. 161—162°, once recrystallised from alcohol, had m. p. 162—163° (B), 
and was identified as d/-noresermethole picrate. 

The third product of m. p. ca. 150°, isolated from the mother-liquors, after several recrystal- 
lisations from alcohol was obtained in small yellow prisms, m. p. 180—181° (C). A mixture of 
the latter with (A) had m. p. ca. 160° (Found: C, 52-2; H, 5-2. C,9H,,0,N, requires C, 52-1; 
H, 50%). It is therefore probable that (C) is dl-esermethole picrate. 

(2) di-Noresermethole (0-25 g.) and methyl p-toluenesulphonate (0-2 g., slightly less than 1 
mol.) were dissolved in absolute ether (5 c.c.), and separation of a thick syrup soon occurred. 
After 2 days the solvent was decanted, the syrupy residue washed with ether, shaken with 
aqueous sodium hydroxide, and the base thus liberated was taken up in ether. The solvent was 
evaporated, and the residual bases converted into the picrates, which were fractionally 
crystallised from alcohol. The same products (A), (B), and (C) were isolated as in the previous 
experiment, (A) and (B) in the same proportions, but (C) only in traces. 

The ethereal solution decanted from the mixed ~-toluenesulphonates, as above, after standing 
for § days longer deposited a further oily precipitate. This was washed with ether, shaken with 
aqueous sodium hydroxide, and the oily residue obtained by extraction with ether and evapor- 
ation of the solvent was converted into the picrate, which separated at once in well-formed 
rhomboidal plates, m. p. 189—190°, raised by two crystallisations from alcohol to 192—193° 
(D) (Found: C, 51-1; H, 5-4. Calc. for C,,H,,O,N,: C, 53-1; H, 53%). The composition 
is that of esermethole methopicrate, and a mixture of this compound with esermethole metho- 
picrate of natural origin (rhomboidal plates, m. p. 194°) melted at 191—192°. A mixture with 
the product (A) melted at 191—192°, and one with a specimen of di-esermethole methopicrate 
(hexagonal plates, m. p. 183—184°) obtained by King and Robinson (loc. cit.) melted at 
185—186°. 

The rotatory power of the natural esermethole methopicrate of m. p. 194°, measured in 1% 
acetone solution with a }-dm. micro-tube, was [a]jf’ — 12-00°. Similar examination of the 
synthetic products (A) and (B) showed them to be optically inactive. 

Crystalline dl-Eserethole. Further Resolution Experiments.—Picric acid (2-5 g.) and dl- 
eserethole (2-5 g.) (J., 1933, 1474), which had been distilled under 1 mm., were dissolved in hot 
alcohol (25 c.c.); on cooling, a red oil separated which after several hours became semi-solid. 
The material was recrystallised from not too much alcohol, and at the fourth crystallisation 
appeared as clusters of lemon-yellow needles mixed with large red-brown leaflets. Specimens of 
the two forms were separated by hand; with rapid heating, the latter softened at 80—90°, but 
on slowly raising the temperature the m. p. of both substances, alone or mixed, and also mixed 
with the specimen of di-eserethole picrate already described (loc. cit.), was 139—140° (yield, 
\-4 g.) (Found, after drying at 100°: C, 53-3; H, 5-3; N, 14-9. Calc, for C,,H,,0,N;: C, 
53-1; H, 5-3; N, 14:7%. Calc. for Cy»gH,,0,N,: C, 52-1; H, 5-0; N, 15-2%). 

The pure picrate, m. p. 139—140° (2 g.), was mixed with aqueous sodium hydroxide (40— 
50 c.c. of 1%), twice extracted with ether, and the extract dried over powdered sodium hydroxide 
and evaporated ;. the residue then suddenly solidified, m. p. 76—79°. It was dissolved in 
absolute alcohol (8—10 c.c.) and combined with /-tartaric acid (0-7 g., slightly more than 1 mol.). 
The solution was inoculated with a trace of the /-tartrate derived from the natural material, and 
set aside to evaporate in the air, but only a viscous syrup was obtained. Unsuccessful results 
were also obtained from acetone—alcohol, and from propyl alcohol, in which the syrup was much 
less soluble. 

The propyl alcohol was evaporated at room temperature in a vacuum over sulphuric acid, and 
the base was recovered by shaking with benzene (12 c.c.) and aqueous sodium hydroxide. The 
benzene layer, twice washed with alkali, was dried over solid sodium hydroxide and evaporated ; 
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the solid residue was distilled at 12 mm. from an oil-bath at 190°. The distillate (0-71 g.) 
immediately solidified to colourless aggregates of thick, rectangular plates, m. p. 79—80° 
(Found: C, 73-1; H, 9-1; N, 11-8; OEt, 17-4; NMe, 20-3. Calc. for C,sH,ON,: C, 73-2; 
H, 8-9; N, 11-4; OEt, 18-3; 2NMe, 23-6%). An aqueous solution (6 c.c.) of the distilled d/- 
eserethole (0-65 g.) and /-tartaric acid (0-49 g., 1 mol.) was very slowly concentrated over 
sulphuric acid at atmospheric pressure, but the product was a brittle resin, and the same result 
was obtained when the process was repeated with ethyl alcohol as the solvent. 


The authors acknowledge gratefully the award of a Ramsay Memorial Fellowship (Italian) 
to one of them. 
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310. An Example of Anhydronium Base Formation in the 
Quinoline Series. 


By H. Lempert and ROBERT ROBINSON. 


THE exigencies of constitution frequently permit the intramolecular reversible dehydration 
of an -onium hydroxide, and such anhydro-derivatives may assume one of two extreme 
forms or occupy an intermediate position between these limits. For instance, the y- 
pyrones are the anhydrides of 4-hydroxypyrylium hydroxides and might be full dipoles (I) 
or as electrically neutralised as possible (ITT); actually, it is postulated that a compromise 
(II) is the rule, and that it is an equilibrium position resulting from the opposition of the 
forces favouring an aromatic system (I) and those leading to the neutralisation of charges 
(III). In (IT) the formule (a) and (6) are identical, and the arrows represent the transfer 


\Z 
O 





(III.) 


of an unknown fraction of the duplet only ; it is immaterial for the present purpose whether 
this be envisaged statically or dynamically, instantaneously or statistically over a finite 
period of time. 

We may describe form (I) as betaine-like, (III) as quinonoid, and the forms (IT) have 
been termed anhydronium bases (Armit and Robinson, J., 1925, 127, 1604; cf. Kermack, 
Perkin, and Robinson, J., 1922, 121, 1877; Robinson and Robinson, J., 1924, 125, 832), 
and the question of their existence must be studied in each case by comparison with 
recognised types of the forms (I) and (ITI). 

The arguments in the case of the y-pyrones are well known, and their formulation as 
(II) serves to explain the chief characteristics of the group, viz., (i) dipole moments smaller 
than would be expected from (I) and yet greater than (ITI) would suggest (cf. Hunter and 
Partington, J., 1933, 87), (ii) intermediate volatility, fusibility, and solubility, (iii) decreased 
carbonyl reactivity on comparison with ordinary unsaturated ketones, (iv) ready trans- 
formation into kations of pyrylium salts by means of protons or kationoid alkyl groups, 
(v) specific absorption spectra and fluorescence phenomena. 

The 7-hydroxybenzopyrylium hydroxides, with a somewhat longer conjugated system, 
are entirely analogous to the 4-hydroxypyrylium hydroxides and, ¢.g., 7-hydroxy-2 : 4- 
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diphenylbenzopyrylium chloride gives the anhydronium base (IV) when sodium acetate is 
added to its aqueous solution. It is not supposed that an oxonium hydroxide is produced 
and that this loses water; the anhydronium bases may be directly obtained by deprotona- 
tion of the -onium kations (cf. Irvine and Robinson, J., 1927, 2086). (IV) is regarded as an 
anhydronium base on account of its colour (contrasting with that of the related pyrylium 
salt) and its solubility in organic solvents, which exclude the full betaine formula and, on 
the other hand, the direct methylation of the oxygen in position 7 which is not compatible 
with the full quinonoid type of formula. Armit and Robinson (loc. cit.) effected this 
methylation by treating the anhydronium base with methyl sulphate (loc. cit.); their 
work was overlooked by Kehrmann and Rieder (Helv. Chim. Acta, 1926, 9, 491), who later 
described the same process. 

The present work was undertaken in order to determine whether the analogy between 
pyrone and pyridone could be extended so as to embrace benzopyrylium and quinoline 
derivatives, and to this end we investigated the behaviour of the methohydroxides of 
7-hydroxyquinolines. 

When treated with alkalis, neither 7-hydroxyquinoline nor 7-hydroxy-2 : 4-dimethyl- 
quinoline metho-salts gave any indication of the formation of bases soluble in ether or benzene, 
but 7-hydroxy-2 : 4-diphenylquinoline methosulphate furnished a base (V), which dis- 
solves in benzene to a red solution and is changed by methyl iodide into 7-methoxy-2 : 4- 
diphenylquinoline methiodide. Thus, this anhydronium base is the analogue of (IV) in 
properties and reactions. It appears that the tendency towards the formation of the 
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quinonoid structure is suppressed in the non-arylated 7-hydroxyquinolines, probably because 
the nitrogen atom has too great an affinity for its charge. This is diminished, as always, 
by phenyl substitution. In the pyrylium series of much less stable oxonium kations, even 
the 2 : 4-dimethyl derivatives yield coloured anhydronium bases. 

The Skraup reaction does not appear to have been previously applied to m-anisidine ; 
the product is 7-methoxyquinoline. Fischer (Ber., 1882, 15, 1979) methylated the hydroxyl 
group of 7-hydroxyquinoline, but no analyses or m.p.’s of derivatives were recorded. The 
orientation of our base was established by conversion into the known 7-hydroxyquinoline 
methiodide. In the ring closure of the anil from m-anisidine and acetylacetone by means of 
phosphoryl chloride, two substances were obtained, although one of them greatly pre- 
ponderated. The higher-melting of the two isomerides is assumed to be the 7-derivative, 
the justification being based on the following quinoline derivatives: 5-Nitro-, m. p. 72°; 
7-nitro-, m. p. 132—133°; 5-amino-, m. p. 110°; 7-amino-, m. p. 188—190°; 5-chloro-, 
m. p. 31—32°; 7-chloro-, m. p. 45°; 5-hydroxy-, m. p. 224—228°; 7-hydroxy-, m. p. 
235—238°. The allocation based on these comparisons agreed with the fact that the 
7-isomeride was the one produced in larger relative amount. 


EXPERIMENTAL. 


m-A nisidine.—The reduction of m-nitroanisole (35 g.) was conveniently effected by West’s 
method (J., 1925, 127, 494) using alcohol (110 c.c.), concentrated hydrochloric acid (7-5 c.c.), 
and iron filings (42 g.) carefully added during 1 hour. The mixture was mechanically stirred 
and heated on the steam-bath for 5 hours, then worked up by known methods; the yield was 
80% (23-2 g., b. p. 125°/13 mm.). 

Phenyl 8-m-Methoxyanilinostyryl Ketone-——A mixture of dibenzoylmethane (19 g.), m- 
anisidine (10 g.), and acetic acid (10 c.c.) was gently refluxed for 10 minutes and then kept for 
4 days. The sticky mass was distilled in nitrogen under diminished pressure, yielding success- 
ively m-anisidine, dibenzoylmethane, and a reddish-brown oil, b. p. 250—258°/1—2 mm., 
which partly crystallised on keeping. It was dissolved in the minimum of hot methyl] alcohol, 
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and on cooling two layers separated, the lower of which ultimately crystallised to a yellow mass 
(yield, 13 g.) (Found: N, 3-9. C,,.H,,O,N requires N, 4:3%). The substance crystallised from 
alcohol—light petroleum in pale yellow needles, m. p. 75—76°; negative ferric reaction. 

7-Methoxy-2 : 4-diphenylquinoline.—Dry hydrogen chloride was passed through a solution 
of the above anil (13 g.) in acetic acid (12 c.c.) for 24 hours at 0°; the mixture was then kept for 
24 hours in the ice-chest. Addition of ether precipitated a crystalline, bright yellow hydro- 
chloride (11 g.) which was collected and dried in a vacuum. This salt (24-5 g.) was triturated 
with aqueous ammonia, and the base was ultimately crystallised by mulching the treacly mass 
with a little ether; the resulting white paste was then filtered off, and the substance crystallised 
by rapid evaporation (air-blast) of a benzene solution, being obtained in colourless plates 
parallelogram-shaped, m. p. 102° (10 g.) (Found: C, 84-8; H, 5-6; N, 4-7. C,,H,,ON requires 
C, 84-9; H, 5-5; N, 45%). The neutral solutions of this base exhibit violet fluorescence, and 
the yellow solution in sulphuric acid has a blue fluorescence; the sparingly soluble sulphate is 
precipitated on the addition of water. The picrate, prepared in alcoholic solution, crystallised 
from acetone in yellow prisms, m. p. 200°. 

The methosulphate, prepared from the dry components in benzene solution (steam-bath), 
crystallised from acetone in yellow fibrous needles, m. p. 230—235° (Found : S, 7-4. C,,H,;0;NS 
requires S, 7:-3%). The aqueous and alcoholic solutions of this salt exhibit a violet-blue 
fluorescence. 

Anhydronium Base of 7-Hydroxy-2 : 4-diphenylquinoline Methohydroxide (V).—7-Hydroxy- 
2: 4-diphenylquinoline was prepared by the method of Biilow and Issler (Ber., 1903, 36, 4013) 
(11-5 g. of m-aminophenol and 23-5 g. of dibenzoylmethane gave 24 g. of the anil, m. p. 172°; 
18 g. of the anil gave 16 g. of the quinoline, m. p. 272°) (Found: C, 84-5; H, 5-2. Calc. for 
C,,H,,ON: C, 84:8; H, 51%). The greenish-yellow solution in hydrochloric acid is not 
fluorescent, but the golden-yellow solution in sulphuric acid exhibits a blue fluorescence. The 
oily methosulphate, prepared in boiling xylene solution, was well washed and then treated with 
aqueous potassium hydroxide and benzene, which immediately became red. The benzene layer 
was separated, dried over solid potash, concentrated to a small bulk, and mixed with about 
10 vols. of light petroleum. The brick-red precipitate was quickly collected and dried over 
calcium chloride under diminished pressure of nitrogen (Found: C, 78-0, 78-2; H, 5-8, 6-0. 
C,.9H,zON,1-5H,O requires C, 78-1; H, 5-9%). The yellow aqueous solution of this base 
exhibits a blue fluorescence, and both colour and fluorescence are destroyed on the addition of 
hydrochloric acid, returning on neutralisation. On heating, the substance gradually decom- 
poses but at the room temperature the water is held tenaciously. 

Action of Methyl Iodide on the Anhydronium Base.—The base (0-6 g.) was dried over phosphoric 
oxide in a high vacuum for 2 weeks, at 50°, and then dissolved as far as possible in pure benzene 
(100 c.c.) in an atmosphere of nitrogen. Methyl iodide (10 c.c.) was added, and the solution 
refluxed until the red colour had disappeared. Partial separation of the methiodide occurred, 
and the sticky, yellow, partly solid mass was collected and triturated with a small volume of 
alcohol containing a trace of sulphur dioxide. The solid, recrystallised from alcohol-ether, 
formed yellow prismatic needles (Found: C, 60-6; H, 4-5; MeO, 6-5. C,3;H,,ONI requires 
C, 60-9; H, 4-4; 1MeO, 6-9%). The neutral solutions of this 7-methoxy-2 : 4-diphenylquinoline 
methiodide exhibit a violet-blue fluorescence; attempts to prepare the substance directly from 
7-methoxy-2 : 4-diphenylquinoline and methyl iodide were unsuccessful. 

7-Methoxyquinoline.—A mixture of m-anisidine (15 g.), m-nitroanisole (9-4 g.), dry glycerol 
(4-8 c.c.), and sulphuric acid (13-5 c.c.) was heated to 150° (oil-bath), and then to a higher 
temperature with great caution. Each time a reaction appeared to be imminent the flask was 
shaken; at 158° the flask was removed from the source of heat, and a few seconds later a very 
vigorous reaction setin. When this had subsided, the mixture was refluxed for 2 hours, sulphuric 
acid (5 c.c.) added, and the whole refluxed for a further 5 hours. The base was isolated as usual 
by eventual steam-distillation, the distillate acidified with hydrochloric acid and concentrated, 
and the sparingly soluble chromate precipitated by the addition of potassium dichromate 
(30 g.); unchanged m-anisidine then suffered oxidation. The free base, obtained in the known 
manner from the chromate, had b. p. 145—147°/12 mm. (7 g.) (Found: C, 75-0; H, 6-0. 
C,»H,ON requires C, 75-4; H, 5-7%). The bright yellow solution in hydrochloric acid exhibits 
a violet fluorescence, and the yellow solution in concentrated sulphuric acid fluoresces green and 
violet on the addition of water. The platinichloride is a buff precipitate, and the 
picrate, yellow prismatic needles from alcohol, has m. p. 216° (Found: C, 50-0; H, 3-6. 
C,>H,ON,C,H,O,N, requires C, 49-6; H, 3-1%). 

The methiodide, prepared in methyl-alcoholic solution, crystallised from alcohol in bright 
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yellow needles that darkened at 190° and finally melted at 204° (decomp.) (Found, by titration : 
I, 42-0. C,,H,,ONI requires I, 42-2%). The colourless aqueous solution of this salt exhibited a 
bright blue fluorescence. It (2-6 g.) was demethylated by means of hydriodic acid (25 c.c., 
b. p. 125°) and phenol (1 g.) during 1 hour (oil-bath at 140°) in an atmosphere of carbon dioxide. 
Ether (50 c.c.) was added after cooling, and the yellow crystalline precipitate was recrystallised 
from alcohol, forming pale yellow, flat needles, m. p. 245° (decomp.) (1-5 g.) (Found: I, 44-1, 
Calc. for C,,H,,ONI: I, 44:2%). The aqueous solution of this 7-hydroxyquinoline methiodide 
exhibited a bright green fluorescence. 

Claus and Masson (J. pr. chem., 1892, 45, 237; 1893, 48, 176) obtained the methiodides of 
7-hydroxyquinoline, m. p. 251°, and 5-hydroxyquinoline, m. p. 224°, by direct combination of 
the hydroxyquinolines with methy] iodide. 

Methyl B-m-Methoxyanilino-a-propenyl Ketone.—Aftera range of trials the following conditions 
were selected. A mixture of m-anisidine (16 g.), acetylacetone (15 g.), and anhydrous calcium 
chloride (3-5 g.) was heated in a nitrogen atmosphere (oil-bath at 140°) for 70 minutes. On 
addition of ether to the cooled, yellow, viscous mass, an abundant white crystalline precipitate 
formed (microscopic bunches of needles) and this was doubtless a calcium chloride adduct. On 
addition of water, it was decomposed, and a yellow oil passed into the ethereal solution. This 
was isolated as usual, but an atmosphere of nitrogen was maintained at all stages; a bright 
yellow oil, b. p. 170—178°/10 mm., was obtained (yield, 23-8 g.) (Found: C, 70-0; H, 7-4. 
C,2H,,0,N requires C, 70-2; H, 7-3%). 

7-Methoxy-2 : 4-dimethylquinoline.—The action of sulphuric acid on the above anil gave 
unsatisfactory results. (A) Ring closure of the anil (12 g.) by means of-hydrogen chloride in 
acetic acid solution at 0°, as described above for the diphenyl analogue, afforded a hydrochloride 
(10 g.), precipitated by ether, which was crystallised from alcohol (Found: N, 6-1. 
C,,H,,ON,HCl requires N, 63%). The free base was a thick yellow oil (6 g.), b. p. 
180—185°/25 mm. (Found: C, 76-9; H, 6-7. C,,H,,;ON requires C, 77-0; H, 69%). The 
fluorescence of the yellow solution in hydrochloric acid was blue, and that in concentrated 
sulphuric acid was violet-blue; picrate, m. p. 215°. 

The methiodide was prepared from its generators in cold concentrated methyl-alcoholic 
solution ; it crystallised from alcohol in yellow needles, m. p. 238° (decomp.) with earlier darkening 
(Found, by titration : I, 38-3. C,;H,,ONI requires I, 38-6%). The aqueous solution exhibited 
a violet fluorescence. On demethylation, as described above, 7-hydroxy-2 : 4-dimethyl- 
quinoline methiodide was obtained; it crystallised from alcohol as brownish-yellow feathery 
needles, m. p. 265° (decomp.) after darkening from 256° (Found : C, 45-2; H, 4-6; I, by titration, 
40-0, 40-6. C,,H,,ONI requires C, 45-7; H, 4-4; I, 403%). The aqueous solution exhibited 
a green fluorescence. The action of alkalis on this salt in aqueous solution afforded no benzene- 
or ether-soluble anhydronium base, but only the quaternary hydroxide or oxidation products. 

(B) The anil (23-8 g.) was carefully added to phosphoryl chloride (85 c.c.) and, after the 
initial reaction had subsided, the red liquid was gently refluxed for 1} hours. Crystals separated 
on cooling, but the whole product was treated with dilute aqueous ammonia, and the base 
collected by means of ether. The oil was distilled in nitrogen, b. p. 135—160°/10 mm. (10-6 g.). 
This specimen proved to be a mixture of bases, but it could not be directly separated into its 
constituents. The mixed methiodides obtained from the oil were triturated with warm alcohol, 
and the residue, after many crystallisations, was obtained in long yellow needles, m. p. 230° 
(decomp.) (Found : I, 38-2, 38-4%). As was confirmed by direct comparison, this salt evidently 
consisted of nearly pure 7-methoxy-2 : 4-dimethylquinoline methiodide. 

The alcoholic filtrate was concentrated, and the salt precipitated with ether was crystallised 
from alcohol; it was much more readily soluble than the isomeride, and afforded ultimately, 
small brownish-yellow needles which sintered at 160°, darkened at 165°, and melted at 180° 
(decomp.) (Found, by titration: I, 38-1%). Weconsider that this substance must be 5-methoxy- 
2 : 4-dimethylquinoline methiodide; its aqueous solution exhibits a violet fluorescence. 


UNIVERSITY OF MANCHESTER (1928). 
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311. The Constituents of Guaiacum Resin. Part II. Synthesis of dl- 
Guaiaretic Acid Dimethyl Ether. 


By Rosert D. Hawortu, Cecit R. MAvIN, and GEORGE SHELDRICK. 


GUAIARETIC acid, which occurs to an extent of 12% in guaiacum resin, was given the 
formula Cy,H,,0, by Herzig and Schiff (Monatsh., 1897, 18, 714; 1898, 19, 95), who 
demonstrated the presence of two phenolic hydroxyl groups, and recognised guaiacol and 
pyroguaiacin as products of distillation. Doebner and Liicker (Arch. Pharm., 1896, 234, 
590) suggested C,,H,,0, as the molecular formula, and this was confirmed by the work of 
Schroeter, Lichtenstadt, and Irineu (Ber., 1918, 51, 1537), who suggested the structural 
formula (I; R = H)* for guaiaretic acid. This formula accounts for the optical activity 
of the phenol and for the fact that reduction of the double bond gave an optically inactive 
dihydro-derivative. The conversion of guaiaretic acid dimethyl ether into naphthalene 
derivatives, such as dehydroguaiaretic acid dimethyl ether (II; see Schroeter, Lichtenstadt, 
and Irineu) and pyroguaiacin (see synthesis, Part I, J., 1932, 1485), is readily explicable on 
the basis of this formula. 
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The present communication describes a number of experiments designed to synthesise 
compounds of the dehydroguaiaretic or guaiaretic acid type, and which succeeded in 
the case of dl-guaiaretic acid dimethyl ether (I; R = Me). 

Attempts to synthesise dehydroguaiaretic acid dimethyl ether by condensing 
1-keto-6 : 7-dimethoxy-2 : 3-dimethyl-1 : 2: 3: 4-tetrahydronaphthalene (J., 1932, 1487) 
with 4-iodoveratrole were unsuccessful, because of the difficulty experienced in the pre- 
paration of the Grignard reagent of the latter. Some experiments were made with 
3:4: 3’: 4’-tetramethoxybenzophenone (Perkin, Smith, and Weizmann, J., 1906, 89, 
1661), which reacted with ethylmagnesium iodide to give a«-bis-3 : 4-dimethoxyphenyl-Ac- 
propylene (III). Treatment of this with perbenzoic acid gave as.-bis-3 : 4-dimethoxy- 
phenylacetone (IV), but the small yields obtained, and the fact that the ketone did not 
react smoothly with ethyl «-bromopropionate, caused us to abandon this scheme. 
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Preliminary experiments indicated that acids such as y-3 : 4-dimethoxyphenylbutyric 
acid (J., 1932, 1486) might be used in the synthesis of guaiaretic acid derivatives. The 
chloride of this acid did not condense with veratrole in the presence of aluminium chloride 
on account of the ease with which it was converted into 1-keto-6 : 7-dimethoxy-l : 2: 3: 4- 
tetrahydronaphthalene, but «-veratroyl-y-(2-bromo-4 : 5-dimethoxyphenyl)propane (V) was 
obtained by the action of y-2-bromo-4 : 5-dimethoxyphenylbutyryl chloride on veratrole. 
This ketone (V) was reduced by Clemmensen’s method to 2-bromo-a8-bis-4 : 5-dimethoxy- 
phenylbutane, which was reduced catalytically to «8-bis-3 : 4-dimethoxyphenylbutane 


* The formula given by those authors (oc. cit., p. 1593) differs from (I; R= H); the positions of 
the hydroxyl and methoxyl groups are interchanged in one of the aromatic rings. This is doubtless 
a typographical error, for Schroeter (Chem. Zentr., 1928, II, 2303) refers to guaiaretic acid as a dimeride 
of isoeugenol. The formula (I; R = H) is employed by Meyer-Jacobson (Vol. II, Part IV, p. 162). 
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(VI; R=H). It was therefore expected that dihydroguaiaretic acid dimethyl ether 
(VI; R= Me) would be obtained by a similar series of reactions from y-(2-bromo-4 : 5- 
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dimethoxyphenyl)-«8-dimethylbutyric acid. However, the only crystalline product which 
could be isolated from the reaction between the chloride of this acid and veratrole was 
1-keto-6 : 7-dimethoxy-2 : 3-dimethyl-1 : 2 : 3: 4-tetrahydronaphthalene. This curious re- 
sult, involving debromination, could not be avoided by varying the conditions of the 
experiment. 

Beckh (Ber., 1898, 31, 3150) showed that phenylacetonitrile reacted with esters to yield 
6-keto-nitriles, and with a view to utilising this reaction, «-cyano-«8-diphenylbutan-B-one 
(VII; R=CN) was prepared by the condensation of phenylacetonitrile and methyl 
8-phenylpropionate in the presence of potassium ethoxide. This cyano-ketone was 
hydrolysed by means of cold fuming hydrochloric acid to the corresponding amide 
(VII; R=CO-NH,), which was converted into «8-diphenylbutan-f-one (VII; R = H) 
by boiling concentrated hydrochloric acid. This ketone reacted with methylmagnesium 
iodide to give a carbinol, which was dehydrated by means of formic acid to «8-diphenyl- 
6-methyl-At-butene (VIII), isolated as its dibromo-compound. 


(VII.) CH,Ph-CH,°CO-CHRPh CH,Ph-CH,*CMe:‘CHPh (VIII) 


Similar reactions were then carried out with 3 : 4-dimethoxyphenylacetonitrile and 
methyl 8-3 : 4-dimethoxyphenyl-«-methylpropionate, which condensed to give the oily 
cyano-ketone (IX; R = CN); this was hydrolysed by means of cold fuming hydrochloric 
acid to 6-keto-«3-bis-3 : 4-dimethoxyphenyl-y-methylvaleramide (IX; R= CO-NH,). 
Abnormal results were obtained when this amide was boiled with concentrated hydro- 
chloric acid. Instead of the desired ketone (IX; R=), a crystalline non-ketonic 
compound, probably 3’ : 4’ : 5 : 6-¢etramethoxy-3-benzyl-2-methylindene (X), was obtained. 
This compound reacted with methylmagnesium iodide with evolution of methane, and 
contained a double bond, which could be reduced catalytically to a crystalline dihydro- 
derivative. In an endeavour to prevent this indene formation, 2-bromo-4 : 5-dimethoxy- 
phenylacetoniirile and methyl §-(2-bromo-4 : 5-dimethoxyphenyl)-a-methylpropionate were 
condensed to yield «-cyano-«8-bis-2-bromo-4 : 5-dimethoxyphenyl-y-methylbutan-B-one (XI; 
R=CN), which was readily converted into §-keto-«8-bis-2-bromo-4 : 5-dimethoxyphenyl- 
y-methylvaleramide (XI; R = CO*NH,). This amide was hydrolysed by means of boiling 
hydrochloric acid to «8-bis-2-bromo-4 : 5-dimethoxyphenyl-y-methylbutan-p-one (XI; R = H), 
but attempts to condense this with Grignard reagents were unsuccessful; the material was 
recovered unchanged under normal conditions, and reaction at elevated temperatures 
resulted in demethylation of the methoxyl groups. Eventually, it was found that the amide 
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(IX; R= CO-NH,) was converted by boiling with dilute hydrochloric acid into an oil 
containing «8-bis-3 : 4-dimethoxyphenyl-y-methylbutan-B-one (IX; R=H), which was 
detected by means of its crystalline dinitro-derivative, but could not be purified sufficiently 
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for subsequent stages of the synthesis. Better results were obtained by subjecting the 
amide (IX; R = CO-NH,) to alkaline hydrolysis; the ketone (IX; R = H) was obtained 
in 30% yields as an oil, which was converted quantitatively into the crystalline dinitro- 
derivative and reacted smoothly with methylmagnesium iodide. The resultant carbinol 
was dehydrated with potassium hydrogen sulphate to give d/-guaiaretic acid dimethyl 
ether ([; R = Me), m. p. 112—113°. This was reduced with hydrogen in the presence of 
palladised charcoal to d/-dihydroguaiaretic acid dimethyl ether (VI; R= Me), m. p. 
101—102°, identical with an optically inactive specimen kindly supplied by Professor 
Schroeter. Further, the dinitro- and the dibromo-derivative and «3-bis-3 : 4-dihydroxy- 
phenyl-fy-dimethylbutane obtained from the synthetic specimen were identical with the 
corresponding compounds prepared from the natural product. 

Schroeter, Lichtenstadt, and Irineu (loc. cit.) discovered that optically active guaiaretic 
acid dimethyl ether was converted into a mixture of the dimethyl ethers of dehydro- 
guaiaretic (II) and dihydroguaiaretic acids (VI; R = Me) by the action of Hiibl’s iodine 
solution. It has now been observed that, under similar conditions, synthetic d/-guaiaretic 
acid dimethyl ether is oxidised to (II) in excellent yields, but no reduction product 
(VI; R = Me) could be detected. Professor Schroeter informs us (private communication) 
that recent work carried out in his laboratory has shown that both the optically active and 
the inactive form of dihydroguaiaretic acid (VI; R =H) occur naturally in guaiacum 
resin, and that crude guaiaretic acid (I; R =H), contaminated with these products, 
was used in some of his earlier experiments. The discrepancy between the synthetic 
and the natural product, mentioned above, can be explained by the incomplete removal 
of the dihydro-derivative from the guaiaretic acid employed in the degradation experiments. 


EXPERIMENTAL. 


aa-Bis-3 : 4-dimethoxyphenyl-A*-propylene (III).—A solution of ethylmagnesium iodide 
(from ethyl iodide, 6 c.c., and magnesium, 1-7 g., in ether, 30 c.c.) was gradually added with 
stirring to a solution of 3: 4: 3’ : 4’-tetramethoxybenzophenone (8-8 g.) in benzene (50 c.c.), 
and the mixture boiled for 24 hours. Dilute sulphuric acid was added, the benzene layer 
removed and dried, and the solvent evaporated. The residual carbinol was dehydrated by 
heating at 100° with 98% formic acid (10 c.c.) for } hour, and the product, isolated with ether, 
was distilled under reduced pressure. The propylene (III) (6-6 g.), b. p. 200—205°/0-3 mm., 
rapidly solidified, and crystallised from methyl alcohol in colourless prisms (4-3 g.), m. p. 78—79° 
[Found: C, 72-3; H, 7-1; M (Rast), 322. C,,H,.O, requires C, 72-6; H, 7:0%; M, 314). 
It rapidly decolorised bromine in chloroform solution and potassium permanganaée in acetone 
solution. A second fraction, b. p. 220—270°/0-3 mm., was obtained which yielded colourless 
slender needles, m. p. 154—155°, after three crystallisations from methyl alcohol [Found : 
C, 70-4; H, 6-9; M (Rast), 420. C,;H,,O, requires C, 70-7; H, 66%; M, 424]. This sub- 
stance, which is saturated, may be triveratrylmethane, produced as a result of profound change 
during the high-temperature distillation. 

as.-Bis-3 : 4-dimethoxyphenylacetone (IV).—The above propylene derivative (III) (2-9 g.) 
was added to a solution of perbenzoic acid (2-7 g.) in chloroform (100 c.c.). After 3 days, the 
solution was washed, first with 4% sodium hydroxide solution and then with 10% sulphuric 
acid, dried, the solvent removed, and the dark brown residue distilled. The distillate, b. p. 
210—250°/0-3 mm., was crystallised first from methyl alcohol and then from light petroleum 
(b. p. 80—100°) ; stout prisms (0-2 g.), m. p. 123—124°, were obtained (Found: C, 69-1; H, 6-5. 
C,9H,,0, requires C, 69-1; H, 6-6%). 

a-Veratroyl-y-(2-bromo-4 : 5-dimethoxyphenyl)propane (V).—y-2-Bromo-4 : 5-dimethoxy - 
phenylbutyric acid (J., 1932, 1486) (5-3 g.) was gently warmed for 2 hours with thionyl chloride 
(6 c.c.), and excess of the latter removed. . The crystalline residue was dissolved in nitrobenzene 
(10 c.c.) and added with shaking to an ice-cold mixture of nitrobenzene (30 c.c.), veratrole 
(13 c.c.), and aluminium chloride (5-9 g.). After 24 hours, dilute hydrochloric acid was added, 
the nitrobenzene and excess of veratrole were removed in steam, and the residue was extracted 
with ether, washed with sodium hydroxide solution, and dried. The residual brown oil (6-4 g.) 
gave a semicarbazone (6 g.), pale yellow needles, m. p. 172—173° (Found: Br, 16-4. 
C,,H,,0,N,Br requires Br, 16-6%), from alcohol. This (1-5 g.) was stirred for 2 hours at 110° 
with an aqueous solution of oxalic acid, saturated at 100° (30 c.c.), and poured into water ; 
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the ketone (V) was isolated with ether, and crystallised from a small amount of methyl 
alcohol in colourless prisms (1-2 g.), m. p. 82—84° (Found: Br, 18-8. C, 9H,,0;Br requires 
Br, 18-9%). 

2-Bromo-a8-bis-3 : 4-dimethoxyphenylbutane.—The ketone (V) (0-5 g.) was gently boiled with 
amalgamated zinc (2-5 g.) and concentrated hydrochloric acid (2-5 c.c.) for 5 hours. The pro- 
duct, isolated with ether, crystallised from light petroleum (b. p. 40—60°) or methyl alcohol 
in colourless prisms (0-45 g.), m. p. 89—90° (Found: C, 58-5; H, 6-2; Br, 19-4. C, »H,,O,Br 
requires C, 58-7; H, 6-1; Br, 19-6%). This compound, treated with bromine (1 mol.) in acetic 
acid solution, gave the dibromo-derivative, m. p. 116—117°, mentioned below. 

«8-Bis-3 : 4-dimethoxyphenylbutane (VI; R = H).—A stream of hydrogen was passed for } 
hour through a boiling alcoholic solution (12 c.c.) of the above monobromo-compound (0-4 g.) 
in the presence of palladised charcoal (0-3 g. of 0-5%) and sodium hydroxide (0-6 c.c. of 8%). 
The mixture was filtered, the alcohol removed, and the residue crystallised from methyl alcohol ; 
colourless slender prisms (0-25 g.), m. p. 90—91°, were obtained (Found: C, 72-6; H, 7:8. 
Cy9H,,O, requires C, 72-7; H, 7:9%). «8-Bis-2-bromo-4 : 5-dimethoxyphenylbutane, obtained 
by the action of bromine (2 mols.) on the above compound in acetic acid, crystallised from 
alcohol in colourless rectangular plates, m. p. 116—117° (Found: C, 49:3; H, 4:9; Br, 32-5. 
C,9>H,,O,Br, requires C, 49-2; H, 4-9; Br, 32-8%). «8-Bis-2-nitro-4 : 5-dimethoxyphenylbutane, 
obtained by the action of nitric acid (2 mols.) in acetic acid solution, crystallised from acetic acid 
in pale yellow prisms, m. p. 184—185° (Found : C, 56-9; H, 5-7. C,9H,,O,N, requires C, 57-1; 
H, 5-7%). It was reduced by means of zinc and hydrochloric acid to the corresponding diamino- 
compound, which gave a deep blue coloration with ferric chloride. : 

y-(2-Bromo-4 : 5-dimethoxyphenyl)-aB-dimethylbutyric Acid.—Bromine (5-1 g.) in acetic 
acid (10 c.c.) was added with cooling to a solution of y-3 : 4-dimethoxyphenyl-«$-dimethyl- 
butyric acid (J., 1932, 1488) (8 g.) in acetic acid (15c.c.). After 12 hours, water was added, and 
the product extracted with ether, washed thoroughly with water, dried, and the ether allowed to 
evaporate. The bromo-acid slowly separated; it crystallised from 70% acetic acid or light 
petroleum (b. p. 80—100°) in slender colourless prisms (6 g.), m. p. 104—105° (Found : C, 50-5; 
H, 5-7; Br, 24-1; M, 331. C,,H,,0,Br requires C, 50-7; H, 5-7; Br, 242%; M, 331). 
Attempts to condense the chloride (4-5 g.) of this acid with veratrole as described in the prepar- 
ation of (V), gave an alkali-insoluble oil (3-4 g.), which yielded 1-keto-2 : 3-dimethyl-1 : 2 : 3: 4- 
tetrahydronaphthalene (0-9 g.), m. p. 135—137° after two crystallisations from methyl alcohol. 
The mother-liquors contained a viscous oil (2-2 g.) which would not crystallise or yield crystalline 
derivatives, 

a-Cyano-a8-diphenylbutan-B-one (VII; R = CN).—Phenylacetonitrile (6 g.) and methyl 
B-phenylpropionate (8-8 g.) were added to a suspension of potassium ethoxide (from molecular 
potassium, 2-8 g.) in benzene (60 c.c.), and the mixture boiled for 6 hours. Sodium hydroxide 
solution (100 c.c. of 0-5%) was added, the aqueous layer acidified, and the resulting oil isolated 
with ether and distilled. The keto-nitrile (VII; R = CN), b. p. 190—200°/0-4 mm., crystallised 
from light petroleum (b. p. 60—80°) in colourless needles (6-8 g.), m. p. 76—78° (Found : C, 82-0; 
H, 6-0. C,,H,,ON requires C, 81:9; H, 6-0%). It dissolved in aqueous alkalis and gave a 
violet coloration with ferric chloride. 

§-Keto-a8-diphenylvaleramide (VII; R = CO*NH,).—The above keto-nitrile (2-6 g.) was 
dissolved in glacial acetic acid (30 c.c.) and saturated with hydrogen chlorideat 0°. After 40hours, 
most of the acetic acid was removed under reduced pressure, and the residue treated with an 
equal volume of hot water. The amide, which separated on cooling, crystallised from 40% 
acetic acid in colourless needles (2-3 g.), m. p. 128° (Found: C, 76-4; H, 6-2. C,,H,,0,N 
requires C, 76-4; H, 6-3%). This amide was soluble in sodium hydroxide solution and gave a 
blue coloration with ferric chloride. 

a3-Diphenylbutan-B-one (VII; R = H).—The foregoing amide (3-1 g.) was boiled with con- 
centrated hydrochloric acid (40 c.c.) for 12 hours. The product was extracted with ether, 
washed with dilute sodium hydroxide solution, and distilled; it boiled at 146—150°/0-2 mm., 
and crystallised from light petroleum (b. p. 40—45°) in long slender prisms (2-3 g.), m. p. 43—44° 
(Found : C, 86-1; H, 7-2. Calc. for C,gH,,0: C, 85-7; H, 7-2%). This ketone was insoluble 
in aqueous sodium hydroxide and gave no colour with ferric chloride. Tiffeneau, Orékhoff, and 
Lévy (Bull. Soc. chim., 1931, 49, 1845) prepared the same compound, m. p. 42—43°, by a 
different method during the course of this work, 

a3-Diphenyl-B-methyl-As-butene (VIII).—The above ketone (0-4 g.) in ether (5 c.c.) was 
gradually added to a solution of methylmagnesium iodide (from methyl iodide, 0-3 c.c., and 
magnesium, 0-09 g., in ether, 10 c.c.), and the mixture gently boiled for 1 hour. Decomposition 
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with ammonium chloride solution yielded an oil, which was heated with 98% formic acid 
(5 c.c.) on the water-bath for 15 minutes. The product, isolated with ether, was an oil, which 
was treated with bromine (0-4 g.) in ether (5 c.c.). The dibromide, which slowly separated, 
crystallised from light petroleum (b. p. 60—80°) in colourless needles (0-4 g.), m. p. 91—92° 
(Found : Br, 41-8. C,,H,,Br, requires Br, 41-9%). 

3 : 4-Dimethoxyphenylacetonitrile, m. p. 45—47°, was prepared in 40% yield from 3: 4- 
dimethoxybenzaldehyde, essentially as described by Pfeiffer, Quehl, and Tappermann (Ber., 
1930, 63, 1301), but the preparation of the oxime of 3 : 4-dimethoxyphenylpyruvic acid and 
its conversion into 3: 4-dimethoxyphenylacetonitrile were carried by Edwards’s method 
(J.. 1926, 745) for a similar case. 2-Bromo-4 : 5-dimethoxyphenylacetonitrile was obtained in 
90% yield by the addition of bromine (1 mol.) to an acetic acid solution of 3 : 4-dimethoxy- 
phenylacetonitrile in the presence of sodium acetate. It crystallised from methyl alcohol in 
cream-coloured prisms, m. p. 90—91° (Found: Br, 31-3. Cj, 9H,O,NBr requires Br, 31-3%). 
The structure was settled by an independent synthesis from 2-bromo-4 : 5-dimethoxybenzal- 
dehyde, in the course of which the following compounds were prepared : azlactone of 2-bromo- 
4: 5-dimethoxybenzaldehyde, yellow needles, m. p. 206°, from acetic acid (Found: Br, 20-5. 
C,sH,,0,NBr requires Br, 20-6%) ; 2-bromo-4 : 5-dimethoxyphenylpyruvic acid, colourless prisms, 
m. p. 222—224°, from alcohol (Found: equiv., 308. C,,H,,O;Br requires equiv., 303), and 
its oxime, colourless needles, m. p. 172—173° (decomp.), from alcohol (Found: Br, 25-0. 
C,,H,,O,NBr requires Br, 25-2%). 

8-3 : 4-Dimethoxyphenyl-a-methylpropionic Acid.—A mixture of 3 : 4-dimethoxybenzaldehyde 
(20 g.), ethyl «-bromopropionate (32 g.), zinc turnings (9-7 g.), and benzene (100 c.c.) was warmed 
gently until reaction commenced. When this had subsided, the mixture was boiled for } hour, 
cooled, and acidified with dilute sulphuric acid, the benzene layer separated and dried, and the 
solvent removed. The residue was distilled twice under diminished pressure, giving ethyl 
8-3 : 4-dimethoxyphenyl-a-methylcrotonate, b. p. 198—200°/15 mm., which crystallised from 
benzene-light petroleum (b. p. 60—80°) in colourless needles (29 g.), m. p. 97—98° (Found : 
C, 67-1; H, 7-0. C,,H,,O, requires C, 67-2; H, 7-2%). Hydrolysis with alcoholic potassium 
hydroxide yielded the acid, which crystallised from benzene in colourless needles, m. p. 
140—141°. Tiemann and Kraaz (Ber., 1882, 15, 2072) give m. p. 140—141°. This acid 
(64 g.), dissolved in sodium hydroxide solution (2-5 1. of 0-64%), was reduced with sodium 
amalgam (3-74 kg. of 4%) at 80—90°, in the usual way. Acidification yielded £-(3 : 4- 
dimethoxypheny])-a-methylpropionic acid, which crystallised from ether—light petroleum (b. p. 
40—60°) in colourless plates (59 g.), m. p. 58—59°. Tiemann and Kraaz (loc. cit.) give m. p. 
58—59°. The methyl ester was a colourless viscous oil, b. p. 153—154°/0-4 mm. (Found : 
C, 65:4; H, 73. C,3H,,0, requires C, 65-5; H, 7:5%). §-2-Bromo-4 : 5-dimethoxyphenyl- 
a-methylpropionic acid, prepared by bromination of the above acid in acetic acid solution, 
crystallised from ether—light petroleum (b. p. 60—80°) in colourless needles, m. p. 94—95° (Found : 
Br, 26-1; equiv., 302. C,,H,,0,Br requires Br, 26-4%; equiv., 303). The position of the 
bromine atom was established by oxidation to 2-bromo-4 : 5-dimethoxybenzoic acid, m. p. 
185°, with potassium permanganate in alkaline solution. The methyl ester was an oil, b. p. 
162—164°/0-2 mm. (Found: Br, 25-4. C,,;H,,O,Br requires Br, 25-2%). 

8-Keto-a8-bis-3 : 4-dimethoxyphenyl-y-methylvaleramide (IX; R = CO*NH,).—Methy]l 6-3 : 4- 
dimethoxyphenyl-a-methylpropionate (15 g.) in benzene (40 c.c.) was added to 3 : 4-dimethoxy- 
phenylacetonitrile (10 g.) and potassium ethoxide (from molecular potassium, 2-6 g.) in benzene 
(30 c.c.), and the mixture heated for 6 hours. The nitrile was isolated, after the same procedure 
as on p. 1426, as an oil, which gave a violet coloration with ferric chloride. It was dissolved in 
a mixture of acetic acid (40 c.c.) and concentrated hydrochloric acid (35 c.c.), saturated with 
hydrogen chloride at 0°, and kept at room temperature for 3 days. The solution was then 
diluted with water, extracted with ether, the extract washed thoroughly with water and dried, 
and the solvent removed. The residue, which slowly solidified, crystallised from benzene—light 
petroleum (b. p. 60—80°) in colourless prisms (5-9 g.), m. p. 130—131° (Found : C, 65-8; H, 6-5. 
C.,H,,O,N requires C, 65-9; H, 6-7%). This amide dissolved in sodium hydroxide solution 
and gave a deep purple coloration with ferric chloride. 

3’: 4’ : 5 : 6-Tetramethoxy-3-benzyl-2-methylindene (X).—The above amide (1 g.) was boiled 
with concentrated hydrochloric acid (15 c.c.) for 12 hours, the solution cooled, diluted with water, 
and extracted with ether, and the extract washed with dilute sodium hydroxide solution. 
The product crystallised from light petroleum (b. p. 80—100°) in colourless needles (0-5 g.), 
m. p. 115—117° (Found : C, 74-0; H, 7-1. C,,H,,O, requires C, 74-1; H, 7-1%). This compound 
was insoluble in alkali and gave no colour with ferric chloride. Catalytic reduction yielded a 
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dihydro-derivative, which crystallised from light petroleum (b. p. 60—80°) in felted needles, 
m. p. 102—103° (Found : C, 73-6; H, 7-8. C,,H,,.O, requires C, 73-7; H, 7-6%). 

a-Cyano-a3-bis-2-bromo-4 : 5-dimethoxyphenyl-y-methylbutan-B-one (XI; R= CN), obtained 
similarly in 35% yield from 2-bromo-4 : 5-dimethoxyphenylacetonitrile and methyl B-2-bromo- 
4 : 5-dimethoxyphenyl-«-methylpropionate, crystallised from benzene-light petroleum (b. p. 
60—80°) in colourless needles, m. p. 130—131° (Found: Br, 29-7. C,,H,,O;NBr, requires 
Br, 29-6%). Hydrolysis with a cold mixture “of acetic and hydrochloric acids yielded 
8-keto-x8-bis-2-bromo-4 : 5-dimethoxyphenyl-y-methylvaleramide (XI; R= CO*NH,), which 
crystallised from benzene-light petroleum (b. p. 60—80°) in small nodules, m. p. 174—175° 
(Found: Br, 28-5. C,,H,,O,NBr, requires Br, 28-6%). Both nitrile and amide, described 
above, dissolved in aqueous sodium hydroxide, but they gave no colour with ferric chloride. 
a8-Bis-2-bromo-4 : 5-dimethoxyphenyl-y-methylbutan-B-one (XI; R = H), obtained by the action 
of boiling concentrated hydrochloric acid on the above amide, crystallised from methyl alcohol 
in slender white needles, m. p. 105—106° (Found: C, 49-1; H, 4:9; Br, 30-6. C,,H,,O,Br, 
requires C, 48-8; H, 4-7; Br, 31-0%). 

a3-Bis-3 : 4-dimethoxyphenyl-y-methylbutan-B-one (IX; R= H).—The amide (IX; R= 
CO-NH,) (6 g.) was boiled with 20% sodium hydroxide solution (35 c.c.) for 4 hours, and after 
cooling and dilution with water, the product was extracted with ether. The ketone (IX; R = H) 
(2-7 g.) was obtained as an oil, b. p. 226—228°/0-2 mm. (Found: C, 70-2; H, 7:5. C,,H.,O, 
requires C, 70-4; H, 7-3%), which gave no colour with ferric chloride. The dinitro-compound, 
prepared by nitrating the above ketone in acetic acid solution, crystallised from 90% acetic 
acid in buff-coloured needles, m. p. 175—176° (Found: C, 56-1; H, 5-5. . C,,H,sO,N, requires 
C, 56-2; H, 53%). The dinitro-compound was reduced with zinc dust and hydrochloric acid 
in alcoholic solution. The mixture was diluted with water and filtered; the filtrate gave a deep 
blue coloration with ferric chloride. The same dinitro-compound was obtained by nitrating 
the oil (1-3 g.), b. p. 226—230°/0-2 mm., obtained by boiling the amide (IX; R = CO-NH,) (2 g.) 
with 10% hydrochloric acid (25 c.c.) for 2 hours. 

dl-Guaiaretic Acid Dimethyl Ether (I; R = Me).—An ice-cold ethereal solution of methyl- 
magnesium iodide (from magnesium, 0-5 g., and methyl iodide, 3-5 g., in ether, 30 c.c.) was 
treated with an ethereal solution (20 c.c.) of a8-bis-3 : 4-dimethoxyphenyl-y-methylbutan-f-one 
(IX; R =H) (2-0g.). After standing for 1 hour, the mixture was boiled for 4 hour and de- 
composed with ammonium chloride solution. The oily carbinol was heated with potassium 
hydrogen sulphate (2 g.) at 150° for } hour, the product extracted with ether, washed with 
dilute sodium hydroxide solution and dried, and the solvent removed. The residue (A) 
crystallised on standing, and recrystallised from methyl alcohol in colourless plates (0-4 g.), 
m. p. 112—113° (Found: C, 74:3; H, 8-0. (C,,H,,O, requires C, 74:2; H, 7:9%). This 
compound rapidly absorbed bromine in chloroform solution, and decolorised an acetone solution 
of potassium permanganate. A similar reaction was carried out with the crude ketone obtained 
by the hydrolysis of the amide (IX; R = CO*-NH,) with dilute hydrochloric acid, but the 
residue (A) could not be obtained crystalline. 

Dehydroguaiaretic Dimethyl Ether (I1).—Hiibl’s iodine solution (containing iodine, 2 g.) 
was added to a solution of di-guaiaretic acid dimethyl ether (1 g.) in warm alcohol. After 
standing at room temperature for 3 days, the crystalline deposit was collected, washed with 
potassium iodide solution, and recrystallised from acetic acid. The ether (0-6 g.) was obtained 
in colourless plates, m. p. 178—179° (S., L., and L., loc. cit., give 178-5—179°) (Found : C, 74:8; 
H, 6-9. Calc. for C,,H,,O,: C, 75-0; H, 6-8%). The alcohol and acetic acid mother-liquors 
yielded a further small crop of (II); no dihydroguaiaretic acid dimethyl ether could be isolated, 
either as such or in the form of its dibromo-derivative (see below). 

dl-Dihydroguaiaretic Acid Dimethyl Ether (V1; R = Me).—A solution of di/-guaiaretic acid 
dimethyl ether (1 g.) in alcohol (20 c.c.) was reduced with hydrogen in the presence of palladised 
charcoal (1 g. of 0-5%). The catalyst was removed, and the filtrate concentrated to a small 
bulk and cooled. The crystals which separated were collected and recrystallised from formic 
acid; colourless needles (0-8 g.), m. p. 101—102°, were obtained (Found: C, 73-7; H, 8-47 
Calc. for C.,H3,0,: C, 73-7; H, 8-4%), identical with the natural material (see p. 1425). The 
following derivatives of the synthetic compound were prepared by methods described by 
Schroeter, Lichtenstadt, and Irineu (/oc. cit.) : dibromo-derivative, colourless needles from methyl 
alcohol, m. p. 131—132° (Found : Br, 31-2. Calc. for C,,H,,0,Br, : Br, 31-0%), dinitro-deriv- 
ative, stout prisms from formic acid, m. p. 151—152° (Found: N, 6-2. Calc. for C,,H,,0,N;: 
N, 6:2%), «3-bis-3 : 4-dihydroxyphenyl-Sy-dimethylbutane (norhydroguaiaretic acid), small 
prisms from aqueous acetic acid, m. p. 184—185° (Found : C, 71-8; H, 7-3. Calc. for C,gH,.0%: 
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C, 71-5; H, 7-2%). Nodepression in m. p. was observed when these derivatives were mixed with 
the corresponding derivatives prepared from natural dihydroguaiaretic acid dimethyl ether. 
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312. Catalytic Syntheses with Carbon Monoxide and Hydrogen under 
Pressure. 


By RAYMOND TAYLOR. 


THE synthesis of ethyl alcohol from carbon monoxide and hydrogen under pressure in 
presence of catalysts containing cobalt has already been demonstrated in this laboratory 
(Morgan, Taylor, and Hedley, J. Soc. Chem. Ind., 1928, 47, 1177; Morgan and Taylor, 
Proc. Roy. Soc., 1931, A, 131, 533), and since the process necessarily involves a first step in 
the synthesis of higher alcohols, further investigations have been made into the conditions 
under which ethyl alcohol is produced. An addition of a small quantity of cobalt oxide had 
a marked effect on the catalytic properties of a mixture of copper and manganese oxides, so 
it was thought that the composition of the product might be controlled by the amount and 
form in which cobalt was added to this catalyst. The optimum result was obtained with 
0-05 g.-equiv. of cobalt oxide added to 1 g.-equiv. each of copper and manganese oxides, 
12% of the carbon monoxide reacting being converted into ethyl alcohol and 47% hydro- 
genated to methane (Morgan and Taylor, Joc. cit.). 

To 1 g.-equiv. of each of the same two catalysts, 0-1 g.-equiv. of cobalt phosphate, 
borate, sulphide, or selenide was added in order to moderate the hydrogenating action ; 
considerable methane was still produced, but the catalyst containing cobalt sulphide gave 
the highest conversion of carbon monoxide into ethyl alcohol so far attained. With the 
borate, alcohols were produced as follows: methyl 18, ethyl 15, higher alcohols 15%, and 
the corresponding amounts with the phosphate and sulphide were 16, 13, 6%, and 16, 21, 
11%, respectively. Catalyst containing cobalt selenide was almost inactive. Since 
cobalt sulphide gave the best conversion into ethyl alcohol, sulphides of iron, molybdenum, 
and nickel were tested in its place, but the first two were less efficient for the purpose and 
the last was inactive. 

A series of experiments in which the proportions of copper oxide, manganese oxide, and 
cobalt sulphide were varied showed that the mixture containing 1 g.-equiv. each of oxides 
and 0-1 g.-equiv. of the sulphide was the optimum for ethyl alcohol production. This 
catalyst was tested under various conditions of temperature, pressure, and rate of 
circulation, and although these factors did not have any marked effect on the proportion of 
ethyl alcohol in the products, yet the optimum yield was obtained at 400° under 200 atm. 
pressure, with a rate of circulation of approximately 200,000 vols. (at N.T.P.) per hour 
per unit volume of catalyst. Under these conditions, the carbon distribution among the 
products was: methyl alcohol 17, ethyl alcohol 22, higher alcohols 11, and methane 
479, 

In order to determine the composition of the higher alcohols, fractions boiling above 
83°, from a number of experiments with catalysts containing copper oxide, manganese 
oxide, and cobalt sulphide, were combined, and the dried alcohols separated by: distillation 
into fractions containing n-propyl, -butyl, -amyl, -hexyl, and -heptyl, also zsobutyl and 
8-methylbutyl alcohols ; over 90% of these alcohols had straight chains, and the two highest 
alcohols were identified for the first time in products obtained synthetically in this labor- 
atory. 

Weights of the constituent alcohols per kg. of crude product are tabulated below, to 
which have been added, for comparison, figures obtained with a manganese-chromium-— 
tubidium oxide (RbIK) and a zinc-manganese—potassium-—cobalt oxide catalyst (C. 16) 
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(Morgan, Hardy, and Procter, J. Soc. Chem. Ind., 1932, 51, lt; Morgan and Taylor, loc. cit.). 
The data for the copper-manganese oxide-cobalt sulphide catalyst (D. 15) were obtained 
with product which had been hydrogenated, and aldehydes and acids had been removed 
from the other two products before distillation of the alcohols. 


Wt. of alcohol (g.) per kg. of crude product. 
Catalyst. Catalyst. 








Alcohol. D.15. RbIK. C. 16. Alcohol. D.15. RbIK. C. 16, 
420 198 _— 
12 86 B-Methylamyl 6} 
43 17 n-Hexyl -— 
69 11 n-Heptyl _ — 
Residue 89 1} 


_— 4 
8 lh 

It is noteworthy that catalyst D. 15, which contained cobalt but no alkali, produced 
alcohols higher than C,, the majority of which had straight chains, and that RbIK, which 
contained alkali but no cobalt, gave higher alcohols, a large proportion of which had 
branched chains, whilst C. 16, which included both alkali and cobalt, gave a mixture of 
straight- and branched-chain alcohols. 

It may be assumed that the higher alcohols are produced through the intermediate 
formation of aldehydes, which unite to give aldols; these lose water to form unsaturated 
aldehydes, which are hydrogenated to saturated aldehydes, and these, in turn, either con- 
dense to form aldols with still more carbon atoms or by hydrogenation produce the 
corresponding alcohols. 

The active hydrogen in aldol condensation is usually provided by an a-carbon atom 
(Lieben, Monaish., 1901, 22, 289), so that aldehydes with more than two carbon atoms will 
produce aldols with «-substituted chains, and in order to obtain hydroxy-aldehydes with 
straight chains it is necessary to postulate the presence of acetaldehyde. It must be noted, 
however, that in the condensation of propaldehyde with acetaldehyde, Schmalzhofer 
(Monatsh., 1900, 21, 671) found that the former aldehyde gave the active hydrogen. 
Coupling may not therefore be confined to an «-carbon atom, in which event synthesis of 
alcohols with a cobalt catalyst may have proceeded through formaldolisation, but whatever 
the actual mechanism involved, it is evident that the constitution of synthetic alcohols is 
dependent on the catalyst employed, and that cobalt has a marked directive action in the 
production of alcohols with straight chains. 


EXPERIMENTAL. 


Preparation of Catalysts.—Solutions of manganese and copper nitrates, mixed in the required 
proportion, were evaporated to dryness, and the residue gently roasted until no more nitrous 
fumes were evolved, whereupon the mass was cooled and ground to a fine powder; cobalt 
sulphide, prepared by the action of freshly made ammonium hydrogen sulphide solution on a 
solution of cobalt nitrate, was added while still moist to the powdered oxides. The resulting 
paste, after extrusion through a die into a vermiform mass, was dried at 130° and broken into 
granules. Cobalt phosphate, borate, and selenide were precipitated in analogous manner from the 
nitrate, and the catalyst prepared by a similar process. Ferrous sulphide was also prepared by 
precipitation and added in the wet condition to the mixed oxides, but molybdenum sulphide was 
made by passage of hydrogen sulphide over heated molybdic acid. 

Gas Mixture and Circulatory Plant.—Carbon monoxide (1 vol.) and hydrogen (2 vols.) were 
mixed, and compressed into a high-pressure storage vessel. Commercial hydrogen was em- 
ployed, and carbon monoxide was prepared by the action of sulphuric acid on formic acid. 
The gas mixture was passed at the requisite pressure (175—250 atm.) over catalyst heated to 
380—435° in the usual form of high-pressure circulatory plant (Morgan and Taylor, Joc. cit.). 
The space occupied by catalyst was in each case 70 c.c., and the rate of circulation 80—160 1. 
of compressed gas per hour. 

Examination of Synthetic Products.—The liquid product was treated with hydrogen under 
pressure in the presence of a nickel-kieselguhr catalyst (Covert, Connor, and Adkins, J. Amer. 
Chem. Soc., 1932, 54, 1651). The resulting mixture of alcohols was distilled up to 95°, and a 
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Dufton column 3 ft. long was then used to fractionate the distillate, which was collected in a 
“methyl fraction” (b. p. < 72°), an ‘ethyl fraction” (b. p. 72—82°), and a residue of higher 
alcohols. Carbon contents were determined by ultimate analysis at each stage of the 
examination. 

Examination of higher alcohols. From the combined higher alcohols (see p. 1429), water was 
removed as a ternary water-carbon tetrachloride—alcohol azeotrope by distillation with carbon 
tetrachloride in an apparatus designed for the purpose (J. Soc. Chem. Ind., 1934, 53, 1937). 
The dried alcohols were then fractionally distilled, and an electrically heated Dufton column was 
employed for temperatures above 100°. The yields over various ranges were as follows: 


Temp. Wt., g. Temp. 7 g. Temp. Wt., g. Temp. 
88—104° 186: 5 123—127° 138—143° 6° 155—158° 
104—112 12°8 127—131 , 143—147 0° 158—161 
112°6—115 6°7 131—133 , 147—149 2° 161—163 
115—118 45:5 133—136 p 149—-153 0: 163—167 
118—123 75 136—138 ’ 153—155 0: 167—176 


The compositions of the various fractions were determined in the usual manner by pre- 
paration of derivatives and mixed m. p. determinations with authentic specimens. Propyl, 
isobutyl, and »-butyl alcohols were identified by preparation of the 3-nitrophthalates, and 
n-amyl, n-hexyl, and n-heptyl alcohols through the p-xenylcarbamates. The fraction of b. p. 
131—133°, which was expected to contain §-methylbutyl alcohol, gave a p-xenylcarbamate, 
m. p. 78—82°, which was depressed by admixture with an authentic derivative of that alcohol 
(m. p. 82—83°) to 74—75°, and also by that of isoamyl alcohol to 77—80°, but a mixed m. p. 
83-5—88° resulted with n-amyl p-xenylcarbamate (m. p. 97—102°). The fraction of b. p. 
155—158° gave n-heptyl p-xenylcarbamate, m. p. 96—98°, mixed m. p. 101-5—104° with an 
authentic specimen of m. p. 106—107° (Found: C, 77-3; H, 8-8. Calc. for C,gH,,O,.N: C, 
77-1; H, 81%). 

Examination of intermediate fractions failed to yield any evidence for the presence of 6- 
or 7-carbon -substituted alcohols such as were found in products from a manganese—chromium— 
rubidium oxide catalyst (Morgan, Hardy, and Procter, Joc. cit.), and it was concluded that the 
original mixture consisted substantially of all the normal alcohols up to C, together with isobutyl 
and $-methylbuty] alcohol. 

The fraction of b. p. 131—133° was allocated to n-amy] alcohol, and those of b. p. 143—153° 
and 161—167° were omitted owing to uncertain composition, otherwise Young’s “ middle 
point ” method (‘‘ Distillation Principles and Processes,” 1922, Chap. 16, p. 170) was applied 
to the distillation data and led to the following apportionment of alcohols: propyl, 186-5 g. ; 
isobutyl, 12-7 g.; n-butyl, 59-7 g.; @-methylbutyl, 4-7 g.; m-amyl, 24-4 g.; m-hexyl, 6-5 g.; 
n-heptyl, 1-2 g. (total weight, 301 g.). 


Valuable assistance was rendered by Mr. A. J. Bunce in the quantitative examination of 
these alcohols, The author thanks Professor G. T. Morgan, Director of Chemical Research, 
for his interest and advice and for permission to publish these results. 


CHEMICAL RESEARCH LABORATORY, TEDDINGTON. (Received, July 13th, 1934.] 





313, Studies in the Diphenyl Series. Part III. Cain’s supposed 
4” :4'"-Disubstituted Tetranitrobenzerythrenes. 


By HERBERT H. Hopcson and Paut F. Hott. 


Cain, COULTHARD, and MICKLETHWAIT, treating their tetrazotised so-called 3:5’ (now 
3 : 3’)-dinitrobenzidine by Ullmann’s modification of Sandmeyer’s process, obtained what 
they regarded as derivatives of benzerythrene (J., 1913, 108, 2074). Suspicion of the 
structure of these substances was aroused by their relatively low m. p.’s, ¢.g., the alleged 
4" : 4’"-dichlorotetranitrobenzerythrene had m. p. 203°, whereas 4: 4’-dichloro-3 : 3’- 
dinitrodiphenyl has m. p. 237° (Hodgson and Gorowara, J., 1926, 1754), and the correspond- 
ing dibromo-compounds have m. p.’s 184° and 247° respectively. Further, those authors 
emphasised the fact of the simultaneous formation of azo-compounds which affected their 
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nitrogen determinations (on which they seemed to rely almost entirely), and consequently 
impaired the validity of their conclusions. It was also remarkable that the decomposition 
of the above bisdiazonium compound by potassium thiocyanate should yield a benzerythrene 
derivative in the absence of copper, whereas with potassium iodide the normal replacement 
should take place with production of 4 : 4’-di-iodo-3 : 3’-dinitrodiphenyl. 

At first, we thought that the Sandmeyer reaction had brought about the replacement 
of one diazonium group by halogen (or the cyano- or thiocyano-group) and of the other by 
hydrogen, a possibility suggested by molecular-weight determinations, but exhaustive 
purification by recrystallisation, first from acetic acid and subsequently from nitrobenzene, 
raised the m. p.’s of the so-called benzerythrenes to those of the pure 4 : 4’-disubstituted 
3 : 3’-dinitrodiphenyls (where these were known). 

The so-called 4” : 4’”’-dichlorotetranitrobenzerythrene was also reconverted into the 
original 3: 3’-dinitrobenzidine by treatment with alcoholic ammonia under pressure. 
Reduction of the above benzerythrene and of authentic 4: 4’-dichloro-3 : 3’-dinitro- 
diphenyl gave the same product, viz., 4 : 4’-dichloro-3 : 3’-diaminodiphenyl, and elimination 
of the amino-groups left 4 : 4’-dichlorodipheny]l. 

The supposed 4” : 4’”’-disubstituted tetranitrobenzerythrenes are therefore impure 
4: 4’-disubstituted 3: 3’-dinitrodiphenyls, the impurities arising probably from the 
method of tetrazotising the 3 : 3’-dinitrobenzidine; in the cases of the chloro- and bromo- 
derivatives, Hodgson and Walker’s method (J., 1933, 1620) affords very pure products 
owing to the suppression of subsidiary reactions. 


EXPERIMENTAL, 


Molecular-weight determinations were done cryscopically in nitrobenzene (naphthalene in 
one case), Rast’s method being unsuitable. 

General Procedure.—The methods of Cain, Coulthard, and Micklethwait were followed in 
all cases, 10 g. of 3 : 3’-dinitrobenzidine being used. 

Alleged 4” : 4'-Dichlorotetranitrobenzerythrene.—(a) The diazonium solution was poured on 
copper-bronze and hydrochloric acid, the solid removed and extracted with boiling alcohol, 
the extract poured into water, and the precipitate crystallised from 50% aqueous acetic acid. 
The yellow crystals obtained were of poor quality and had m. p. 203° as given by C., C., and M. 
One recrystallisation from glacial acetic acid and five from nitrobenzene afforded pale yellow 
needles, m. p. 237°, identical (mixed m. p.) with authentic 4 : 4’-dichloro-3 : 3’-dinitrodipheny] 
[Found : N, 9-0; Cl, 22-6; M (mean of 3 detmtns.) 310. Calc.: N, 8-9; Cl, 227%; M, 313). 

(b) The supposed benzerythrene (2 g.) was heated with alcohol (2 c.c.) and aqueous ammonia 
(9 c.c.; d@ 0-888) in a sealed tube at 180° for 6 hours; the scarlet reaction product (m. p. 263°) 
crystallised from nitrobenzene in scarlet needles, m. p. 275°, identical (mixed m. p.) with authentic 
3 : 3’- dinitrobenzidine (Found : N, 20-5. Calc.: N, 20-4%). This product (0-3 g.), suspended 
in glacial acetic acid (5 c.c.), was poured into an ice-cooled solution of sodium nitrite (0-2 g.) 
and concentrated sulphuric acid (2 c.c.), and the mixture was stirred for 15 minutes, poured into 
excess of alcohol, and finally heated to the b. p. The precipitate of 3 : 3’-dinitrodiphenyl 
produced by dilution with water crystallised from 50% aqueous acetic acid in orange-yellow 
needles, m. p. 200° (lit. 200°), identical (mixed m. p.) with a specimen prepared from m-nitro- 
aniline (Found: N, 11-6. Calc.: N, 11-5%). 

(c) Both the impure and the authentic product in (a) (10 g.) were separately refluxed for 
2} hours with glacial acetic acid (30 c.c.), water (30 c.c.), and iron filings (12 g.), the mixtures 
made alkaline with aqueous ammonia, and the solids filtered off, dried, and extracted with 
boiling benzene. Passage of dry hydrogen chloride through the extracts gave in each case 
the dihydrochloride of 4: 4'-dichloro-3 : 3'-diaminodiphenyl, which crystallised from hydrochloric 
acid in colourless micro-plates, m. p. 267° (Found: Cl, 43-4. C,,H,)N,Cl,,2HCl requires 
Cl, 43-5%). Addition of aqueous ammonia gave the base, which crystallised from aqueous 
alcohol in white leaflets, m. p. 133-5° (Found: N, 11-2; Cl, 28-0. C,,H,,.N,Cl, requires N, 
11-1; Cl, 28-1%); the diacetyl derivative crystallised from 50% aqueous acetic acid in micro- 
plates, m. p. 254° (Found: N, 8-5; Cl, 20-9. C,,H,,O,N,Cl, requires N, 8-3; Cl, 21-1%), and 
the dibenzoyl derivative also in micro-plates, m. p. 260° (Found: Cl, 15-2. C,,H,,0,N,Cl, 
requires Cl, 15-4%). Deamination of the above base by the usual procedure gave 4: 4’- 
dichlorodiphenyl, which crystallised from 50% aqueous acetic acid in colourless clusters, m. Pp. 
and mixed m. p. 148° (lit. 148°) (Found: Cl, 31-7. Calc.: Cl, 31-8%). 
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Alleged 4'' ; 4'"’-Dibromotetranitrobenzerythrene.—The procedure was as in (a) for the chloro- 
analogue, except that the residue was extracted with glacial acetic acid instead of alcohol, and 
the extract poured into water;. the resulting yellow precipitate crystallised from 50% aqueous 
acetic acid in fine yellow needles, m. p. 250° (C., C., and M. give 247°). Four crystallisations 
from nitrobenzene raised the m. p. to 259°, and the product was identical (mixed m. p.) with 
that prepared by the method of Hodgson and Walker (/oc. cit.) (Found: N, 7-0; Br, 39-6; 
M, 401. Calc.: N, 7-0; Br, 39-8%; M, 402). 

4: 4’-Dicyano-3 : 3'-dinitrodiphenyl.—By the procedure as for the supposed benzerythrene 
compound, this substance was obtained after four crystallisations from nitrobenzene in red 
leaflets, m. p. 280° (C., C., and M. give m. p. 195—198°) (Found: N, 19-1; M, 291. C,,H,O,N, 
requires N, 190%; M, 294). 

4: 4'-Dithiocyano-3 : 3'-dinitrodiphenyl.—The product obtained by C., C., and M.’s procedure, 
followed by three crystallisations from nitrobenzene, formed yellow clusters, m. p. 307° (C., C., 
and M. give m. p. 301°) [Found: N, 15-7; S, 18-0; M (cryoscopic from naphthalene), 350. 
C,,H,O,N,S, requires N, 15-6; S, 17-9%; M, 358]. 


The authors thank the Leicester Education Committee for a research grant to one of them 
(P. F. H.) and the Imperial Chemical Industries, Ltd. (Dyestuffs Group), for various gifts. 
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314. The Direct Nitration of 5-Chloro-3-hydroxy- and of 5-Chloro- 
3-nitro-anisole. 


By HERBERT H. HopGson and WALTER E. Batty. 


NiTRATION of 5-chloro-3-hydroxyanisole in a dilute aqueous medium appears to give first 
5-chloro-4-nitro-3-hydroxyanisole (isolated in small quantity by Hodgson and Wignall, 
J., 1928, 329), which then undergoes further nitration to give 5-chloro-4 : 6-dinitro-3- 


hydroxyanisole. More severe nitration conditions afford the 2 : 4 : 6-trinitro-compound. 

The constitution of the dinitro-compound has been established by the fact that, on 
treatment with diazomethane, it gives 5-chloro-4 : 6-dinitroresorcinol dimethyl ether (m. p. 
216°), not identical with the 2 : 4-dinitro-isomeride (m. p. 110°) prepared by nitration of 
5-chloro-2-nitroresorcinol dimethyl ether. Further, the 5-chloro-4 : 6-dinitroresorcinol 
dimethyl ether is converted by alcoholic potash into the known 5-hydroxy-4 : 6-dinitro- 
resorcinol dimethyl ether, and by ammonia under pressure into the known 4 : 6-dinitro- 
5-aminoresorcinol dimethyl ether (both prepared by Blanksma, Rec. trav. chim., 1908, 
27, 254), the latter product being deaminated to the well-known 4 : 6-dinitroresorcinol 
dimethyl ether. 

5-Chloro-4 : 6-dinitroresorcinol dimethyl ether is also obtained by the dinitration of 
5-chlororesorcinol dimethyl ether and by the action of sodium methoxide under suitable 
conditions upon 1:3: 5-trichloro-2 : 4-dinitrobenzene. It is noteworthy that, though 
all three chlorine atoms are reactive towards sodium methoxide, the two which occupy 
op-positions to both nitro-groups, i.e., the 1- and the 5-chlorine atom, are the more labile. 

Nitration of 5-chloro-3-nitroanisole gives 5-chloro-3 : 4 : 6-trinitroanisole, no dinitro- 
compound having been isolated, and the constitution follows from its conversion into 5- 
chloro-4 : 6-dinitroresorcinol dimethyl ether by means of sodium methoxide. 

When 3: 5-dichloro-2-nitroanisole was heated with alcoholic potash, the 3-chlorine 
atom was displaced to give 5-chloro-2-nitro-3-hydroxyanisole. Under the same conditions, 
the chlorine atom in 3-chloro-2-nitroanisole resists displacement. 


EXPERIMENTAL. 


Nitration of 5-Chlovo-3-hydroxyanisole—The compound (6 g.) was added gradually to a 
well-stirred solution of sodium nitrate (6 g.) in concentrated sulphuric acid (4-2 c.c.) and water 
(15 c.c.) at 30°, the mixture kept over-night, and the separated product washed free from acid 
prior to steam distillation, whereby the volatile 5-chloro-4-nitro-3-hydroxyanisole was removed ; 
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it crystallised from dilute alcohol in almost colourless needles, m. p. 106° (Hodgson and Wignall, 
loc. cit., give m. p. 105°). The non-volatile residue (0-3 g.) of 5-chloro-4 : 6-dinitro-3-hydroxy- 
anisole crystallised from light petroleum in colourless needles, m. p. 126° (Found: N, 11-4; 
Cl, 14:2. C,H,O,N,Cl requires N, 11-3; Cl, 14-:3%). 

5-Chlororesorcinol Dimethyl Ether—5-Chloro-3-hydroxyanisole (5 g.), dissolved in 20% 
aqueous sodium hydroxide (50 c.c.) was stirred for } hour at 30° with methyl sulphate (5 g.). 
The precipitated dimethyl ether crystallised from carbon tetrachloride in stout colourless prisms, 
m. p. 38° (Found : Cl, 20-5. C,H,O,Cl requires Cl, 20-6%). 

Nitration of 5-Chlororesorcinol Dimethyl Ether.—(a) Mononitration. The ether (2-4 g.), 
dissolved in acetic anhydride (8 c.c.), was treated with a solution of nitric acid (1 c.c.; d 1-5) 
in acetic anhydride (4 c.c.) at room temperature, the mixture kept over-night and then poured 
on ice, and the precipitated 5-chloro-4-nitroresorcinol dimethyl] ether crystallised from methyl 
alcohol; it formed light yellow needles, m. p. 123° (Found: Cl, 16-2. Calc.: Cl, 163%), 
identical with an authentic specimen (Hodgson and Wignall, Joc. cit.). 

(b) Dinitration. When the preceding nitration was carried out with 2 c.c. of nitric acid 
in 8 c.c. of acetic anhydride, stellate clusters (m. p. 210°) of 5-chloro-4 : 6-dinitroresorcinol 
dimethyl ether separated after 12 hours; this crystallised from methyl] alcohol in short prisms, 
m. p. 216° (Found: N, 10-7; Cl, 13-3. C,H,O,N,Cl requires N, 10-6; Cl, 13-5%), identical 
with the product obtained from 5-chloro-4 : 6-dinitro-3-hydroxyanisole by treatment with 
diazomethane in ether. ‘ 

Action of Sodium Methoxide on 2: 4: 6-Trichloronitrobenzene.—(a) The nitro-compound 
(2-25 g.) was dissolved in methyl alcohol (35 c.c.) containing sodium (0-3 g.), and the mixture 
refluxed for 4 hours and steam-distilled; unchanged material came over at first, but the later 
fractions contained 3 : 5-dichloro-2-nitroanisole, which crystallised from methyl alcohol in 
colourless needles, m. p. and mixed m. p. with an authentic specimen 75° (Found: Cl, 31-9. 
Calc. : Cl, 32-0%). 

(b) The nitro-compound (2-25 g.), dissolved in methyl alcohol (20 c.c.) containing sodium 
(0-5 g.), was heated in a sealed tube for 14 hours at 120°. After distillation of the alcohol, the 
residue was steam-distilled until 3 : 5-dichloro-2-nitroanisole ceased to come over. The non- 
volatile 5-chloro-2-nitroresorcinol dimethyl ether crystallised from acetic anhydride, to which 
one drop of fuming nitric acid had been added, in short colourless prisms, m. p. 184° (Hodgson 
and Wignall, Joc. cit., give m. p. 171°) (Found: Cl, 16-2. Calc.: Cl, 16-3%). 

(c) The mixture as in (b), but with 0-75 g. of sodium, was heated for 5 hours at 150°; the 
non-volatile product, after steam distillation, was nitrophloroglucinol trimethyl ether, which 
crystallised from methyl alcohol in stout micro-prisms, m. p. 153° (Found : N, 6-7; OMe, 43-5. 
C,H,,0,;N requires N, 6-6; OMe, 43-7%). This product (1 g.), dissolved in acetic anhydride 
(2 c.c.) and treated with a solution of nitric acid (0-3 c.c.; d@ 1-5) in acetic anhydride (1-5 c.c.) 
at room temperature, gave dinitrophloroglucinol trimethyl ether, which was precipitated when 
the reaction mixture was poured on ice; it crystallised from methyl alcohol in colourless needles, 
m. p. 166° (lit. 165°) (Found: N, 10-9. Calc.: N, 10-8%). 

Nitration of 5-Chloro-2-nitroresorcinol Dimethyl Ether.—The ether (2-2 g.) was added to a 
solution of nitric acid (4 c.c.; d 1-5) in acetic anhydride (8 c.c.) and the mixture was heated to 
50°, kept over-night, and poured on ice; the precipitated 5-chloro-2 : 4-dinitroresorcinol dimethyl 
ether crystallised from alcohol in almost colourless needles, m. p. 110° (Found: N, 10-7; Cl, 
13-4. C,H,O,N,Cl requires N, 10-6; Cl, 13-5%). 

Action of Sodium Methoxide on 1 : 3 : 5-Trichloro-2 : 4-dinitrobenzene.—The compound (3 g.), 
dissolved in benzene (5 c.c.) and methyl alcohol (10 c.c.), was treated gradually in the cold with 
a solution of sodium (1 g.) in methyl alcohol (5c.c.). The mixture was kept for 10 days, dinitro- 
phloroglucinol trimethyl ether separating; after crystallisation from methyl alcohol, this had 
m. p. and mixed m. p. with the previous specimen, 166°. The filtrate from the above product 
yielded 5-chloro-4 : 6-dinitroresorcinol dimethyl ether on acidification. 

Nitration of 5-Chloro-3-nitroanisole.—The anisole (3 g.) was boiled for 15 mins. with a 
solution of nitric acid (20 c.c.; d 1-4) in concentrated sulphuric acid (20 c.c.), the cooled mixture 
poured on ice, and the precipitated 5-chloro-3 : 4 : 6-trinitroanisole crystallised from alcohol, 
forming orange-yellow prisms, m. p. 128° (Found: N, 15-3; Cl, 12-6. C,H,O,N,Cl requires 
N, 15-1; Cl, 12-8%). Milder conditions failed to effect nitration. 

Action of Sodium Methoxide on 5-Chloro-3 : 4 : 6-trinitroanisole-——The anisole (1-0 g.), dis- 
solved in methyl alcohol (3 c.c.) and benzene (6 c.c.), was heated on the water-bath for 10 mins. 
with a solution of sodium (0-15 g.) in methyl alcohol (3 c.c.); water was then added, and the 
benzene layer separated and allowed to evaporate slowly; 5-chloro-4 : 6-dinitroresorcinol 
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dimethyl ether crystallised. Recrystallised from methyl] alcohol, it formed colourless prisms, 
m. p. 216° (Found: Cl, 13-4%). 

5-Chloro-2-nitro-3-hydroxyanisole.—3 : 5-Dichloro-2-nitroanisole (1 g.) was heated with 
excess of 20% alcoholic potash in a sealed tube for 2 hours at 130°. The mixture was diluted 
with water, filtered from unchanged material, and acidified with hydrochloric acid; the pre- 
cipitated 5-chloro-2-nitro-3-hydroxyanisole crystallised from methyl alcohol in almost colourless 
needles, m. p. 88° (depressed by the 4-nitro-isomeride) (Found: Cl, 17-2. C,H,O,NCl requires 
Cl, 17-4%), which were volatile in steam. 

5-Chloro-2 : 4 : 6-trinitro-3-hydroxyanisole.—5-Chloro-3-hydroxyanisole (1 g.) was added to 
well-stirred nitric acid (10 c.c. ; -d 1-47) at room temperature during 15 minutes, and the mixture 
then heated slowly to the b. p., cooled, and poured on ice. The precipitated 5-chloro-2 : 4 : 6- 
trinitro-3-hydroxyanisole crystallised from water in almost colourless micro-prisms, m. p. 147° 
(Found: N, 14-4; Cl, 12-0. C,H,O,N,Cl requires N, 14:3; Cl, 12-1%). 


The authors thank Imperial Chemical Industries, Ltd., for various gifts. 
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315. A New Synthesis of Benzopyrylium Salts by Condensation of 
Reactive Phenols with Unsaturated Aldehydes or Ketones in the Pre- 
sence of a Strong Acid and an Oxidising Agent. Part I. Typical 
Cases with Resorcinol as Phenolic Component. 


By ROBERT ROBINSON and JAMES WALKER. 


ANALOGIES naturally exist between the methods available for the synthesis of quinolines 
and benzopyrylium salts from aniline and phenol derivatives respectively ; for instance, the 
direct methods from o-aminobenzaldehydes and o-hydroxybenzaldehydes and reactive 
keto-methylene compounds are closely parallel, and Combes’s synthesis of quinolines finds 
a counterpart in Biilow’s method in the benzopyrylium salt series. In these cases the 
components are in the correct state of oxidation and the condensations require the elimination 
of the elements of water only. 

Some of the more useful general synthetic methods for the preparation of quinoline 
derivatives, however, utilise a component in a lower state of oxidation; e.g., the processes 
of Graebe, Skraup, Doebner, Miller, and Beyer. Somewhat analogous methods have 
been used by Dilthey and his collaborators in the pyrylium series, but reactions of this 
type have not hitherto been employed for the synthesis of benzopyrylium salts. 

Accordingly we made experiments to determine the conditions under which a reactive 
phenol could be condensed with an unsaturated aldehyde or ketone in acid solution and in 
the presence of an oxidising agent so as to yield a benzopyrylium salt. In the first place, 
we used resorcinol and unsaturated ketones of the aromatic series. 

A German patent (D.R.-P. 357,755; Friedlander, 1921—5, XIV, 494) describes the 
condensation of resorcinol with benzylideneacetone but, under the conditions employed, the 
product, obtained in almost theoretical yield, is an amorphous solid which we were unable 
to convert into a benzopyrylium salt. There is no evidence for the improbable constitution 
suggested in this patent. 

Cl 


cn 

OPh O 

=: @ + in aa+0. - ™ + 2H,O 
VA 


CHPh h (1) 

In our own experiments exploratory trials were made with benzylideneacetophenone, 
and eventually a good yield of 7-hydroxy-2 : 4-diphenylbenzopyrylium chloride (I) (prepared 
by Biilow and Sicherer, Ber., 1901, 34, 2373) was obtained by effecting the condensation in 
alcoholic hydrogen chloride solution and in the presence of chloranil. The general character 
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of the reaction has been established under these conditions, but we have found in small- 
scale experiments that many variations are feasible and we are engaged in attempts to find 
a more economical and equally convenient oxidising agent. 

Obviously, this particular example can give no indication of the mechanism of the 
reaction, and, in order to determine whether the unsaturated carbon or the carbon of the 
carbonyl group becomes attached to the carbon of the resorcinol nucleus, we applied the 
method to anisylideneacetophenone and to benzylidene-p-methoxyacetophenone. These 
afforded 7-hydroxy-2-phenyl-4-anisyl- and  7-hydroxy-4-phenyl-2-anisyl-benzopyrylium 
chlorides, (II) and (III), respectively, each in homogeneous condition and possessing 
characteristic properties; this showed that the unsaturated ketones do not orient them- 
selves in both of the possible ways, and also indicated that the method is likely to prove a 
useful accessory synthesis. 

In explanation of the latter point, it may be added that benzoylanisoylmethane and 
resorcinol yield a mixture of salts which is very difficult to separate; even were this not 
the case and only one isomeride were formed, the new method has a clear advantage in that 
it gives us the power to synthesise either of the isomerides at will. 

The constitutions of (II) and (III) follow from the fact that salts having the same 
properties are accessible respectively from 7-hydroxyflavone and anisylmagnesium bromide 
and from 7-hydroxy-4’-methoxyflavone (pratol) and phenylmagneSium bromide; (IIT) 
differs from (II) in showing intense green fluorescence in sulphuric acid solution. 
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On hydrolysis by means of boiling aqueous potassium hydroxide, (IT) gave a mixture of 
acetophenone and #-methoxyacetophenone. This is evidently due to scission at the 
dotted line with formation of resorcinol (isolated) and benzoylanisoylmethane. The 
occurrence of a similar reaction in the case of certain umbelliferone derivatives has been 
established by Baker (J., 1925, 127, 2349). The following examples suffice to illustrate the 
wide scope of the method, and further extensions are being made. 2-Benzylidene-1-keto- 
1 : 2:3: 4-tetrahydronaphthalene yields (IV), dibenzylideneacetone yields (V), dibenzyl- 
idenecyclopentanone yields (VI), diveratrylidenecyclohexanone yields (VII); furthermore, 
small-scale experiments have shown that the reaction succeeds with orcinol, naphthares- 
orcinol, and phloroglucinol as phenolic components, and with unsaturated ketone 
components containing substituted amino-groups with formation of intensely coloured basic 
dyes in suitable cases. 

Betaines of fluorescein type may be obtained by the use of sulphonated or carboxylated 
intermediates. 
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EXPERIMENTAL. 
Condensation of Resorcinol and Benzylideneacetone (G.P. 357,755).—A mixture of benzylidene- 
acetone (5-8 g.) and glacial acetic acid (11 c.c.) was saturated with hydrogen chloride at room 
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temperature, and resorcinol (5-2 g.) added. On gentle heating on the steam-bath, a dark brown 
solution was obtained, and when this was poured into water after 2 hours an orange solid was 
precipitated (yield, 10-9 g.); it could not be crystallised, and attempted oxidation, e.g., with 
bromine water, gave no indications of the formation of a benzopyrylium salt. 

By a similar procedure, benzylideneacetophenone (7-5 g.) furnished a bright red amorphous 
solid (yield, 10-8 g.), the acid filtrate from which was treated with an excess of sodium acetate, 
giving a crimson precipitate, which was collected, washed with water, and dried (0-2 g.). This 
gave a yellow solution with intense green fluorescence in sulphuric acid, and doubtless consisted 
of the anydronium base related to 7-hydroxy-2 : 4-diphenylbenzopyrylium chloride. The main 
product contained only traces of any pyrylium salt. 

Oxidative Condensation of Resorcinol and Benzylideneacetophenone.—(A) A mixture of 
benzylideneacetophenone (4-2 g.), resorcinol (2-2 g.), anhydrous ferric chloride (10 g.), and 
ethyl-alcoholic hydrogen chloride (50 c.c. of 1l—12%) was kept for 4 days and then poured into 
water. A large excess of sodium acetate was added to the solution, which was extracted with a 
mixture of ether and benzene. The extract was shaken with hydrochloric acid, and the 
precipitated pyrylium salt was collected and the solvent again applied to extract more quinone 
base from the deep red ferric acetate solution. This cycle was repeated, and the salt (0-7 g.) 
on examination proved to be crude 7-hydroxy-2 : 4-diphenylbenzopyrylium chloride, but the 
yield was inferior and the product impure. 

(B) A mixture of benzylideneacetophenone (8-4 g.), resorcinol (4-4 g.), chloranil (9-8 g.), and 
ethyl-alcoholic hydrogen chloride (140 c.c. of 12%) was kept for 2 days at room temperature and 
ether (500 c.c.) was then added. The yellow-orange precipitate was well washed with ether, 
dried (yield, 15-5 g. of crude product, >100%), and extracted thoroughly with ether (Soxhlet). 
It was then crystallised twice from ethyl-alcoholic hydrogen chloride (4 vols. of 95% alcohol : 
1 vol. of concentrated acid), separating as well-formed short prisms, which were dried in a 
vacuum over sulphuric acid (Found: Cl, 149%). 

The solid was once more continuously extracted with ether and recrystallised from ethyl- 
alcoholic hydrogen chloride of somewhat lower concentration (7-5 vols. of 95% alcohol: 1-5 vols. 
of water: 1 vol. of 8% hydrochloric acid). The brownish-orange crystals effloresced to a light 
orange powder when dried in a vacuum over sulphuric acid. For analysis, they were dried 
over potassium hydroxide in a vacuum, forming a monohydrate (Found: C, 71-8; H, 5:1; 
Cl, 10-4. C,,H,,0,Cl,H,O requires C, 71-5; H, 4-8; Cl, 10-1%). 

Biilow and Sicherer (Joc. cit.) describe a trihydrate of this salt (air-dried); it evidently loses 
2H,O in a vacuum desiccator. The substance is identical with the product of condensation of 
resorcinol and dibenzoylmethane. Its solution in sulphuric acid is pale greenish-yellow and 
exhibits an intense bluish-green fluorescence; on warming, the colour deepens slightly and the 
fluorescence is diminished (irreversible, see below). The fluorescence is diminished on dilution 
with 2 vols. of acetic acid, and discharged on dilution with water. The characteristic crystalline 
quinone-base was prepared. 

7-Hydroxy-2-phenyl-4-anisylbenzopyrylium Chloride (II).—A heavy precipitate of microscopic 
needles separated from a mixture of anisylideneacetophenone (14-4 g.) (Kohler and Conant, 
J. Amer. Chem. Soc., 1917, 89, 1702), resorcinol (6-6 g.), chloranil (14-7 g.), and ethyl-alcoholic 
hydrogen chloride (250 c.c. of 12%). After 2 days at room temperature the solid was collected, 
washed with a little alcohol and much ether and dried (yield, 24 g. of crude material). After 
thorough extraction with ether (Soxhlet) (yield, 19-7 g.), a portion of the material was crystallised 
from glacial acetic acid—hydrochloric acid (9:1 by vol.), forming orange rectangular prisms ; 
it was recrystallised in the same way and then dried over potassium hydroxide in a vacuum 
(Found: C, 67-1; H, 5-2; Cl, 82%). Again, when this material was recrystallised from 95% 
ge (4 vols.) and concentrated hydrochloric acid (1 vol.), orange needles separated (Found : 

1, 11-7%). 

A portion was recrystallised twice in the same way (Found, in material dried in a vacuum 
over sulphuric acid and again over potassium hydroxide: Cl, 11-4%). These high values for 
chlorine content were at first attributed to chloranil contamination, but this is not the case, for 
they are due to the employment of too high a concentration of hydrogen chloride in the solvents. 
The replacement of a portion of the water of crystallisation by hydrogen chloride is a common 
phenomenon in the related anthocyanin group. Accordingly, the salt was recrystallised from 
75% ethyl alcohol containing only 1% of hydrogen chloride, small orange needles being obtained 
(Found : C, 69-5; H, 5-0; Cl, 9-5. C,,H,,0,Cl,H,O requires C, 69-0; H, 5-0; Cl, 9-3%). The 
benzene solution of the quinone-base is deep bluish-red in colour, The orange solution in acetic 
acid exhibits no fluorescence, and the characteristic behaviour in sulphuric acid is described below. 
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This salt (4 g.) was mixed with potassium hydroxide (7 g.) and water (5 c.c.), and the red 
solution was slowly steam-distilled for 4 hours. The ketones in the distillate were collected by 
ether, fractionated (0-6 g. of amber-coloured oil), and converted into semicarbazones. On 
recrystallisation from 95% alcohol, plates, m. p. 170—173° (softening and partial melting from 
164°), were obtained [acetophenone semicarbazone, m. p. 198—203°; p-acetylanisole semicarb- 
azone, m. p. 181—182° (?) and 195—198°] (Found: C, 59-7; H, 6-3; MeO, 10-3. Calc. for 
acetophenone semicarbazone, C,H,,ON,: C, 61-0; H, 6-2%. Calc. for acetylanisole semi- 
carbazone, C,,H,,;0,N,: C, 58-0; H, 6-3; MeO, 15-0%). 

The steam-distillation still-residue was acidified, and extracted 7 times with ether. The 
extracts contained a substance which sublimed as white crystals (0-8 g.), m. p. 114°, possessing 
the properties of resorcinol (cf. Bilow and Sicherer, Joc. cit., p. 2376). 

7-Hydroxy-4-phenyl-2-anisylbenzopyrylium Chloride (I11).—Benzylidene-p-methoxyaceto- 
phenone (9-6 g.), resorcinol (4-4 g.), and chloranil (9-8 g.) were dissolved in alcohol (150 c.c.) 
containing ca. 12% of hydrogen chloride. After 2 days at room temperature, the salt was 
precipitated with ether (500 c.c.), collected, washed, and dried (yield, 13-1 g. of crude product), 
The bright orange, microcrystalline powder was extracted with ether (Soxhlet) for about 
12 hours and then recrystallised twice from 85% alcohol containing 1% of hydrogen chloride, 
forming reddish-orange needles (Found, in material dried over sulphuric acid in a vacuum and 
then over potassium hydroxide: C, 72-5; H, 5-0; Cl, 9-7. C,,H,,0,Cl requires C, 72-4; H, 
4-7; Cl, 9-7%). The yellow solution in sulphuric acid exhibited an immediate, intense yellow- 
green fluorescence; on heating, the colour was unaltered, but the fluorescence diminished 
and at a certain stage returned quickly and with a bluer shade. On cooling, the blue-green 
fluorescence was even more intense than the original. The fluorescence was not destroyed 
by 7-fold dilution with acetic acid but was hardly perceptible after dilution with 5 vols. of 
water. The yellow solutions in acetic acid or methyl alcohol exhibit a pronounced green 
fluorescence. The quinone-base closely resembles that from 7-hydroxy-2 : 4-diphenylbenzo- 
pyrylium chloride. 

7-Hydroxy-2 : 4-dianisylbenzopyrylium Chloride.—The solution from anisylidene-p-methoxy- 
acetophenone (5-4 g.) and half the quantities of other reagents described above quickly turned 
crimson, and a heavy crimson precipitate had separated after about 2 hours. After 12 hours, 
the salt was precipitated by means of ether (500 c.c.) and the terra-cotta-coloured powder was 
well washed with ether, dried (yield, 7-6 g.), and extracted for 12 hours with ether. Recrystallis- 
ation from absolute methyl] alcohol containing 1% of hydrogen chloride gave fine reddish-orange 
needles (Found, in material dried as before : C, 67-1; H, 5-3; Cl, 8-8. C,3H,0,Cl,H,O requires 
C, 66-9; H, 5-1; Cl, 86%). This salt is sparingly soluble in the usual solvents for the class of 
compound. The orange solution in acetic acid exhibits a weak green fluorescence. The 
orange-yellow solution in sulphuric acid has a weak green fluorescence, which is almost discharged 
on warming, but reappears at its original intensity (but bluer-green in tone) on cooling. The 
quinone-base is bluish-crimson, pink in dilute benzene solution. 

7-H ydroxy-4-phenyl-2-styrylbenzopyrylium Chloride (V).—Distyryl ketone (4-7 g.) was used 
with the quantities of reagents employed in the preceding preparation. The blood-red solution 
gradually became brownish-red, and after 2 days the product was precipitated, collected, washed 
(yield, 4 g.), and extracted as before (3-5 g.). The salt crystallised from 1% aqueous hydrochloric 
acid, in which it was very sparingly soluble, in brownish-orange, prismatic needles (Found : 
C, 69-8; H, 5-3; Cl, 9-2. C,;H,,0,Cl,2H,O requires C, 69-6; H, 5-3; Cl, 8-8%). The intensely 
yellow solution in sulphuric acid exhibits bright yellow-green, and the orange solution in acetic 
acid a dull green, fluorescence. The solution in methyl alcohol is red and becomes yellow on 
addition of a trace of hydrochloric acid ; it is non-fluorescent. The crimson colour-base dissolves 
sparingly in benzene to a permanganate-coloured solution. 

7-Hydroxy-4-phenyl-1'-benzylidene-2 : 3-cyclopenteno(2’ : 3’)-benzopyrylium Chloride (V1I).— 
Dibenzylidenecjclopentanone (5-2 g.) was condensed under the conditions used above. The 
salmon-pink solution gradually became red and then purple, and much solid separated. After 
3 days at room temperature, this was precipitated, washed, dried (6-8 g.), and extracted (Soxhlet ; 
for 10 hours) as before, and then recrystallised from methyl alcohol—concentrated hydrochloric 
acid (7: 3 by vol.) (Found, in a specimen dried in a vacuum over sulphuric acid : C, 74-4; H, 5-6; 
Cl, 8-9. C,;H,,0,CI,H,O requires C, 74-2; H, 5-2; Cl, 88%). The well-developed purple 
needles (green reflex) are very sparingly soluble in the usual solvents. The orange-red solution 
in acetic acid or in methyl alcohol exhibits yellowish-green fluorescence. The solution in 
sulphuric acid is orange-red with intense green fluorescence; on warming, the colour deepens 
and the fluorescence is almost discharged, returning to some extent on cooling. Addition of 
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water diminishes the fluorescence, which is perceptible after 7-fold dilution. The quinorie-base 
has a fine purple colour and is sparingly soluble in benzene. 

6-Hydroxy-9-phenyl-1 : 2-dihydro-3 : 4-benzoxanthylium Chloride (IV).—Benzylidene-a- 
tetralone (4-6 g.) and resorcinol (2-2 g.) were condensed as before. The formation of pyrylium 
salt was detected within a few minutes by means of the fluorescence in sulphuric acid After 
1} days the salt was precipitated with ether (500 c.c.), collected, and dried (yield, 4-2 g. of a 
yellow powder containing chloranil). The powdered solid was extracted with ether (Soxhlet; 
30 hours), dried (yield, 2-0 g.), and crystallised from methyl alcohol containing 1% of hydrogen 
chloride, forming light orange balls of very fine needles (Found, in air-dried material: C, 76-6; 
H, 4-7; Cl, 10-0, 9-6. C,;H,,O,Cl requires C, 76-6; H, 4-7; Cl, 9-8%). 

The orange-red solution in acetic acid exhibits a very feeble green fluorescence. The greenish- 
yellow solution in sulphuric acid has a very intense yellowish-green fluorescence; on heating, 
the solution becomes orange and the fluorescence is greatly weakened. The fluorescence persists 
on 10-fold dilution with acetic acid, but is destroyed on the addition of 2 vols. of water. The 
quinone-base resembles that from 7-hydroxy-2 : 4-diphenylbenzopyrylium chloride, but is a 
little bluer-red. 

6-Hydroxy-9-veratryl-4-veratrylidene-1 : 2: 3: 4-tetrahydroxanthylium Chloride (VII).—A 
mixture of diveratrylidenecyclohexanone (6-4 g.), resorcinol (1-6 g.), chloranil (3-2 g.), and satur- 
ated alcoholic hydrogen chloride (160 c.c.) was kept with frequent shaking for 12 hours, and a 
large volume of ether was then added. The solvent was decanted, the dark crimson residue 
mixed with very dilute hydrochloric acid, and the deep mauve-coloured solid collected, drained, 
and washed with benzene—anisole (1: 1) until chloranil was removed; it was then washed with 
ether. The substance crystallised from a mixture of methyl alcohol (30 c.c.) and concentrated 
hydrochioric acid (4 c.c.) and then from 1% methyl-alcoholic hydrogen chloride in dark 
mauve-violet, microscopic prisms, almost black in mass and exhibiting a dull bronze reflex 
(Found: C, 66-2; H, 5-8; MeO, 22-4; Cl, 6-0. C,,H,,O,Cl,1-5H,O requires C, 65-8; H, 5-3; 
4MeO, 22-7; Cl, 6-4%). The aqueous acid solutions of this salt, which is very sparingly 
soluble, are dull bluish-crimson and the alcoholic solutions are permanganate-coloured. The 
solution in sulphuric acid is mauve-red and non-fluorescent; on keeping, the shade becomes 
redder. 

The colour-base forms a dark red-violet precipitate, and is sparingly soluble in the usual neutral 
organic solvents to intense dull mauve-crimson solutions. 

Independent Syntheses of (11) and (II1).—As already explained (p. 1436), the strikingly different 
properties of the two isomerides enabled us to determine their constitutions by qualitative 
synthesis. 

Pure 7-hydroxyflavone was boiled with dry benzene (ca. 120 c.c.) (it is extremely sparingly 
soluble), and a large excess of anisylmagnesium bromide in ether (ca, 50 c.c.) was added, 
producing a light buff-coloured gelatinous precipitate. The mixture was heated on the steam- 
bath for about 4 minute, and then decomposed with water; the red (quinone) colour passed 
into the benzene layer, which was separated and filtered. The aqueous layer was washed several 
times with ether, and the washings were filtered and added to the benzene extract. The 
solution of the quinone-base was shaken with 5% hydrochloric acid, and a yellow chloride was 
precipitated. The organic solvent was decanted, and the aqueous acid layer filtered through a 
small sintered-glass funnel. The pyrylium salt was extracted from the filter with boiling acetic 
acid (1 c.c.), and reprecipitated by the addition of ethereal hydrogen chloride. The salt was 
collected and its behaviour compared with that of the benzopyrylium salt from anisylidene- 
acetophenone and resorcinol (see p. 1437). Both substances dissolved in sulphuric acid to pale 
yellowish-green solutions without any initial fluorescence. On keeping, however, both solutions 
gradually developed green fluorescences at exactly the same rate and of precisely the same colour 
and intensity, the fluorescence ultimately becoming intense bluish-green. 

Dilution with water destroyed the fluorescence. When an excess of sodium acetate was 
added, a pale yellowish-brown solution resulted, and no colour passed into benzene on extraction 
of this solution (due to sulphonation ?). 

Dilution with acetic acid weakened the fluorescence, which was hardly perceptible after the 
addition of 4 vols. When the yellow fluorescent solutions were simultaneously strongly heated, 
the fluorescences disappeared at the same rate from both solutions, and on cooling, the 
fluorescences returned but not to the same extent as in the initial solutions; this alternation 
could be repeated. 

In the above and other tests the specimens showed full identity of behaviour. 

Similarly, 7-hydroxy-4’-methoxyflavone (pratol) and phenylmagnesium bromide furnished, 
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after analogous treatment, an orange-yellow benzopyrylium salt, the behaviour of which in 
sulphuric acid tallied exactly with that of 7-hydroxy-4-phenyl-2-anisylbenzopyrylium chloride 
from benzylidene-p-methoxyacetophenone and resorcinol. 
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316. A Potentiometric Investigation of Electrolytic Dissociation. 
Parts II and III. 


Part II. Copper and Cadmium Carboxylic Salts. 
By EpDNA FERRELL, J. M. Ripcion, and H. L. RILEy. 


THE feeble electrolytic dissociation of certain salts, ¢.g., mercuric cyanide, thiocyanate, 
and chloride, copper and nickel malonates, etc., is probably due to.two factors, viz., the 
tendency of the kations and of the anions of these salts to act as electron acceptors and 
donors respectively—a property demonstrated by the number and stability of the complex 
ions formed by each type ofion. It is proposed, for brevity, to refer to these two tendencies 
as the “ aniophilic ” and the “ katiophilic ” properties of kations and anions respectively. 
A salt consisting of a highly aniophilic kation and a highly katiophilic anion will be only 
feebly dissociated in aqueous solution. The aniophilic property of a kation is in some way 
connected with its basicity, for the strongly basic alkali-metal ions form salts which are 
completely dissociated in dilute aqueous solution; only very few co-ordination compounds 
of these metals are known. The katiophilic property of an anion is in some way connected 
with the strength of the corresponding acid. The anions of many weak acids, e.g., CN’, 
CNS’, NO,’, etc., form stable complex ions with many kations. These two connexions are, 
however, obscure. Little is known of the extent of the electrolytic dissociation of metallic 
salts other than those of the strongly basic metals. There are instances where the anions 
of strong acids form feebly dissociated salts and complex salts, ¢.g., Cl’. To avoid con- 
fusion, the word “ protophilic ” will be used to refer to the affinity of an anion for the 
hydrion, “ katiophilic ’’ being restricted to its affinity for metallic ions. 

The present investigation is concerned with three important questions. (i) Are the 
katiophilic and aniophilic natures of ions invariable characteristic properties, or may the 
extent of electrolytic dissociation of a salt be determined by something mutually accom- 
modating in the electronic structures of anion and kation? In other words, if we have two 
salts, XA and YA (X and Y representing two different kations, and A a common anion), 
and if XA is more highly dissociated in aqueous solution than YA, then will XB, XC, XD, 
etc. (B, C, and D representing other anions) be more highly dissociated than YB, YC, YD, 
etc., respectively? (ii) What are the constitutive factors which govern the katiophilic 
properties of anions? (iii) What is the relationship between (a) the katiophilic and the 
protophilic properties of anions, and between (b) the aniophilic natures and the basicities 
of kations ? 

The problem of elucidating the electrolytic behaviour of a salt containing both ions 
of this type is a complex one, for not only does autocomplex formation occur, but highly 
aniophilic kations are usually multivalent, and this introduces the possibility of dissociation 
occurring in more than one stage. It has been shown (Part I, J., 1932, 514) that an ap- 
proximate idea of the electrolytic behaviour of salts of this type can be obtained by a 
potentiometric method, which has now been extended to some 40 salts of cadmium and 
copper. 

EXPERIMENTAL. 

The method employed was essentially the same as that described in Part I (loc. cit.), The 

potentials of the concentration cells were measured at room temperature by means of a 
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“Cambridge ’’ potentiometer. Oxidation of the electrodes was prevented by using water 
boiled out in a current of hydrogen, and by carrying out the titrations in an atmosphere of 
hydrogen (cf. Riley, J., 1930, 1642). Connexion between the half-elements and the buffer 
solution was made by glass tubes containing a jelly of gelatin and potassium nitrate. The 
sodium salts employed were either purchased or prepared from the acids. Their purity was 
checked by analysis. Because of its ready preparation in the pure crystalline condition, 
lithium lactate was used instead of the sodium salt. Where it was not possible to isolate the 
pure sodium salt, the standard solution was prepared by adding an equivalent quantity of accur- 
ately standardised sodium hydroxide solution to the pure acid. This was necessary with glycine 
and sarcosine. All the titrations were repeated several times, and the results recorded are 
means of concordant values. Hydrolysis or sparingly solubility in many instances prevented 
titrations being carried out with both cadmium and copper electrodes. 
The results are given in Tables I—VI. The potentials (in millivolts) are of the cell : 


E | 0-01M-ESO, | Satd. KNO, | 0-01M-ESO, + *M-NaX | E 


where E is either cadmium or copper and #M represents the molarity (shown in millimols. /1.) 
of the particular sodium salt. The experimental results were subjected to the analytical 
treatment already described in Part I (loc. cit.). The concentrations of the free metallic ions 
in the right-hand half-element of the cell were calculated from the potentials on the assumption 
that [Cd] in 0-01M-cadmium sulphate = 0-00614 and [Cu] in 0-01M-copper sulphate = 0-00629 
(Noyes and Falk, J. Amer. Chem. Scc., 1912, 34, 475). Values of K, were calculated from the 
expression : 
K, = (E]{X — n(0-01 — [E})}*/(0-01 — [E}) 

where [E] is the copper- or the cadmium-ion concentration, X the total concentration of added 
anion, and ” a positive integer. It was not possible through lack of data to include an activity 
correction in the above expression. When the values of K, showed a pronounced decrease, 
values of K, were also calculated. These are only given in the tables when they passed through 
amaximum value. Values of K, and K, which pass through a maximum are also shown. 

When the concentration of metal ion is small and that of the added anion relatively large, 
the departure from constancy of K, is largely determined by the denominator of the above ex- 
pression. When % is made equal to I, it is tacitly assumed that the only undissociated species 
in solution is EX, and the rate at which K, decreases as the concentration of X increases gives 
some idea of the rate at which (0-01 — [E)) becomes progressively larger than EX owing to 
the formation of more complex undissociated units EX,, EX;, etc. If the metal kation has a 
relatively great tendency to form undissociated units, EX;, EX,, etc., then A, will show a 
maximum value at relatively low concentrations of the added anion. In the general case, K, 
will pass through a maximum value as the concentration of the anion increases if there is any 
appreciable formation of more complex undissociated units, ¢.g., EX, 41, EX, + 2, etc. 

In those titrations where only small potentials were registered, the value of K, shows a 
progressive increase, and in some cases only passes through a maximum at relatively high 
concentrations of X. This is due in part to the omission of the activity correction and the 
neglect of the sulphate-ion concentration. When the concentration of metal ions was 
relatively large, an appreciable amount of undissociated metal sulphate must have been present. 
Small amounts of complex ions of the type E,X might also have been present, but the approx- 
imate nature of the analysis does not allow of any definite conclusion on this point. Constant 
errors are also introduced by the use of metal-ion concentrations calculated from conductivity 
data on the assumption that « = A/Ag. 

DIscussIoN. 


Formate.—The addition of formate caused only a relatively small decrease in the 
cadmium-ion concentration; K, rises and does not pass through a maximum, indicating 
that the formation of undissociated cadmium formate or formato-complex ions does not 
occur to any great extent, even in the presence of a relatively large excess of formate ions. 
The formate ion is only weakly katiophilic. 

Acetate—The results show that the acetate ion is decidedly more katiophilic than the 
formate, and indicate the formation of an appreciable amount of undissociated cadmium 
acetate. 

Propionate.—The katiophilic property here shows a further increase, and K, a similar 
variation to that for the acetate. 
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Butyrate, isoButyrate, and isoValerate—These anions behave in a similar manner to 
the acetate. It is interesting to compare the potentiometric behaviour of these fatty-acid 
anions with the conductometric behaviour of their acids. The dissociation constants of 
the acids are given at the foot of the columns in Tables I and II. A rough parallelism can 
be traced. 

Phenylacetate.—These results are very similar to those of the isobutyrate ion, and yet 
the dissociation constant of phenylacetic acid is approximately three times greater than that 
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of isobutyric acid. Although other instances will be cited later, in which there is lack of 
parallelism between the katiophilic and protophilic properties of anions, this case is interesting 
because there is no possibility of chelation, apart from that of the carboxyl group itself. This 
discrepancy is therefore not merely due to the difference in the ionic diameters of hydrogen 
and cadmium.: Possibly, it is caused by the greater polarisability of the phenylacetate 
ion, the consequences of which will be greater in the presence of the doubly charged 
cadmium ion than in that of the singly charged hydrogen ion. 

Chloro-, Bromo-, and Iodo-acetate.—The introduction of a chlorine atom into the acetate 
ion brings about a pronounced decrease in the katiophilic nature of the ion, a result in accord 
with the strong inductive effect _ I) of the chlorine atom. The replacement of chlorine 
by bromine causes a pronounced increase in the katiophilic property, a result in agreement 
with the weaker inductive effect of bromine. If chelation occurs, then a factor contributing 
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Copper Salts. 

Todoacetate. Glycollate. 
P.D 


~ 

Bb 
& 

i 


GoORoaRROAAWM IEE - 
oe 
Se 


ZH seasrawecmawem & 
e 


100K;. nv. 10*K,. 105K,. 


ge 


ees 
38x 
2 
ee 
on 
= Go 
ze 
Sz 


a 


Seassace 
om 


wm GO BS OD et 
SeHASCSHOHmRBOID 


BSeBSSASIVSRSE vr 


ono 
SARK CHE OHASHI 


PSP RS SM OD WS Ore 
WCWUINWADMWAPwWKRODO 


SSeoneo we 


SEBS SA SS IIm mee ots 
RoGgkanwsrawnkkndansa? 


x 
~ 


Lankicanwwmodardwwsd 
IA SDH wWAIIdS&eSA>A dH 
bL2Be 
KASwsosweradrranraeanas: 
Rp RD AD AD RD AD AD AD RD HHS 
Se mhArAAweIarnada 
SSBSevrsegees 

Snr wemaI| 

Ge oo oh Gri HS 

Pitt rie OSSS 
SarAwedSdwaasa 
BVSSSoRSSVread 

wes 

SSSr ere LeEReERaaaa 
PAIIVIIVIPIW"PEwOMMSsos 
wWAGCHaDweOmOm ALS 


eee 
HAMM MOO WIRD MTR mo OOD 


eo 
a“ 


0-71 x 10-* 1-49 x 10-+ 1-36 x 10-+ 


Pyruvate. N-Methylaminoacetate. N-Phenylaminoacetate. Salicylate.* 
A r A eee 

P.D., P.D., 
107K,. 10°K,. 10%K,. 10"K,. mv. 10'°K,. 10'*K,;.10°K,. mv. 10K, 10K. 
5-8 3590 
12-7 2530 
21-0 1100 
36-3 363 
51-0 136 
77-4 
92-0 
107-5 
114-0 
121-0 
129-5 


& SP G2 G2 G2 GORD RD ND ED Hat hs at ats 
SESS ee re ra as as 


pos Be OD BD BD bat bat et 


x 
ae 
| 





5 


D., 
v. 10°K,. 


) 


MEVtd 
SSZ1 11 
| 


saeeee 


> 
J 


a 
a 


PLT ttid 


ee em ame wIS 
AVA ASeA 


wo 
SBEVSworBeyHrss 


PARAPPRARVLSIPSD 

Om OAAWADaAROOCKaD 
RO 2 09 CO He He He He He G9 C9 69 I Oe Go 
Qe ROH HK DwkrOODSCOaD 


BeAwomooowm 
SaAkRASORG I 


a 
SSSTOROS 
oan 


. 
edhe cakm 
Sas 

met tomMm OS 
Oe er 
2 > I Go to S 
3353 
RO 
pROM RoR Rh 
bo to DR 


SoSH ew 
to 
lcoconHmewod 


7-8 
3-3 
15 
0-63 
0-30 
0-20 


7 8 


oo 
be 
x 
i 
~_ 
~ 
x 
— 
oS 

L 


* In this titration the molarity of the sodium salt solution was twice that employed in the other titrations. 


to the above result will be the more highly deformable nature of the bromine atom compared 
with the chlorine. The replacement of bromine by iodine causes a pronounced decrease 
in the katiophilic property. This is surprising in view of the stronger protophilic nature 
of the iodoacetate ion than of the bromo- and the chloro-acetate ion, and of the more 
highly deformable nature of the iodide ion than of the other halide ions. Accurate results 
could not be obtained with the cadmium electrode owing to precipitate formation with 
sodium bromoacetate, and unsteady potentials with sodium iodoacetate. Indications 
were also obtained, in these titrations, that the iodoacetate was only weakly katiophilic. 
ben cause of this apparently anomalous behaviour of the iodoacetate ion is discussed 
low. 

Cyanoacetate.—The results obtained with the copper electrode were somewhat unsteady 
and are not recorded, but they definitely showed that the cyanoacetate ion is only weakly 
katiophilic. The cadmium titrations confirm this. In view of the similar result obtained 
with the iodoacetate ion and of the similarity of the iodide and the cyanide ion, this result 
is particularly interesting. Both the latter ions are highly deformable, both reduce cupric 
salts, and both form a large number of stable complex ions. The large decrease of electron- 
sharing tendencies when these ions are in the combined state in the acetate ion is probably 


‘™ 
due to the same cause, viz., a predominating electromeric (+ 7) effect: I—-CH,—COO’, 


(™ 
N==C—CH,—COO’. 

In order to explain the m-directing power of the cyano-group in aromatic substitution 
and the acidic character of hydrogen cyanide, Baker, Cooper, and Ingold (J., 1928, 426) 
suggested that it acts as an electron-attracting group by virtue of the tendency of the sextet 
of electrons in the triple bond to appropriate 2 or 4 electrons to form a stable octet or decet. 
Many — are also known in which the electromeric (+ T) effect of iodine has a pre- 

fy) 
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dominating influence upon the behaviour of an organic compound (see “ Substitution in 
Organic Compounds,” J., 1933, 1112). There can be little doubt that the katiophilic 
behaviour of the iodoacetate and the cyanoacetate ion is intimately connected with these 
phenomena. The cyanoacetate ion is also less protophilic than the acetate. 

Glycollate and Lactate——The substitution of the hydroxyl group in the acetate ion to 
form the glycollate brings about a slight increase in the katiophilic, and a considerable 
reduction in the protophilic, property. The similar change from propionate to lactate 
causes a slight decrease in the katiophilic property and a large decrease in the protophilic. 
This difference in the effects of hydroxyl substitution on the katiophilic properties of 
these ions can be accounted for by the formation of an intra-ionically co-ordinated lactate 
ion (I). The formation of a similarly co-ordinated anion would not occur to the same 
extent in an aqueous solution of sodium glycollate owing to the absence of the methyl 


2 


C 
rs: Ae 


, 
4 I, en 


group and a consequent greater distance between the hydroxyl hydrogen and the carboxyl 
oxygen. 

The K,, values indicate the formation of appreciable amounts of CdX, and CuX, and 
CuX,’ with both the glycollate and the lactate ion. 

Pyruvate.—The striking features of these results are (a) the relatively great katiophilic 
nature of this anion in spite of its relatively weak protophilic nature, and (d) the pro- 
nounced tendency for both copper and cadmium to form complex ions with the pyruvate 
anion. The K,, values clearly indicate the formation of CdX,’ andCuX,”. Using a copper 
electrode, a more extended titration was carried out to determine whether or not there was 
any evidence of the formation of more complex ions, ¢g., CuX,’”. The value of K, 
remained approximately constant until the pyruvate-ion concentration reached 0-5M; 
at greater concentrations the value diminished, but it would be unwise to draw conclusions 
from results in such concentrated solutions. There can, however, be little doubt that 
complex ions of the type CuX,” are formed in solution. If each of the pyruvate ions is 
chelated as in (II), then the copper atom is displaying a co-ordination number of 8, which 
is contrary to Sidgwick’s covalency rule (‘‘ Electronic Theory of Valency,” 1927, 152). 
There is a possibility, however, that some or all of the pyruvate ions are attached to the 
copper by only one valency linkage. This appears to be probable when the results obtained 
with the aminoacetate ion are considered. 

Aminoacetate—Maximum co-ordination numbers of copper and cadmium. The 
aminoacetate ion possesses very highly developed katiophilic properties (Riley and 
Gallafent, J., 1931, 2029) and the above method offered a means of determining whether 
or not copper and cadmium have any decided preference for the 6- and 8-covalent states 
respectively, as would be anticipated from Sidgwick’s covalency rule (op. cit.). The 
results of extended titrations are shown in Table III. Cadmium gives a rapidly decreasing 
value for K,, very sharp maxima for K, and Kg, and a value of K, which is approximately 
constant over a considerable range of aminoacetate-ion concentration, viz., 0-07—2M. 
The slight decrease in the value of K, towards the end of the titration may possibly be due 
to an increase in the activity coefficient of the aminoacetate at such concentrations. 
Although the potentials show that copper has a much greater affinity than cadmium for 
the aminoacetate ion, the trends of the K, values show very important differences. With 
copper, K, and K, diminish rapidly, whilst K, remains approximately constant over a sur- 
prisingly long range of aminoacetate-ion concentration, vzz., 0-08—1-5M. A comparison 
of the cadmium and copper K,, values brings out a striking similarity between the K, of the 
former and the K; of the latter. If all the aminoacetate ions in the complexes are chelated, 
this result indicates that, whereas copper has a decided preference for the 6-covalent state, 
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TABLE III. 


Cadmium _aminoacetate. Copper aminoacetate. 
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under similar conditions cadmium similarly prefers the 8-covalent state, a result which 
is in accord with the covalency rule. This increase in the covalency maximum with 
cadmium is not merely a volume effect, for the ionic diameters of copper and cadmium are 
not greatly different, viz., 1-0 and 1-03 A. respectively. The greater affinity of copper for 
the aminoacetate ion, from which one might expect it to co-ordinate with a greater number 
of aminoacetate ions than cadmium, makes it clear that we must look for an explanation 
of this difference in the behaviour of copper and cadmium in their electronic structures. 

N-Methyl- and N-Phenyl-aminoacetate——It has already been shown that a-alkyl sub- 
stitution makes little or no difference to the katiophilic nature of the aminoacetate ion 
(Riley and Gallafent, /oc. cit.), but the results obtained with sarcosine and phenylglycine show 
that N-substitution brings about a pronounced decrease in this property. The K, values 
show that there is a pronounced tendency for no more than three N-methylaminoacetate . 
ions to co-ordinate with copper, a result similar to that obtained with the aminoacetate 
ion. The N-phenylaminoacetate ion, however, gives a steady value for K, over a long 
range, indicating a preference for the formation of CuX,. This difference may be due 
to the larger volume of the latter ion. 

_ Salicylate —The salicylate K, results are remarkably constant over a long range and 
indicate that the katiophilic properties of this ion are not highly developed, nor is there 
any great tendency for two salicylate ions to combine with the cupric ion. 

Malonate, Succinate, and Adipate——The results with these ions (see Tables IV and V; 
also J., 1930, 1642), especially for the malonate, indicate fairly strongly developed 
katiophilic properties, probably due to the mutual effect of the two carboxyl groups. 
The K, values in each case indicate the formation of appreciable quantities of CdX,”. 
The decrease of the tendency in the succinate ion is probably due to the buffering action of 
the additional methylene group and also to the greater strain in the cadmium succinate 
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chelate ring, whereas the increase in the adipate ion indicates that the cadmium adipate 
chelate ring is buckled. 

Malate, d-Tartrate, and mesoT artrate.—The introduction of a hydroxyl group into the 
succinate ion brings about a decided increase in the katiophilic property; that this effect 
follows that observed in the glycollate, and not that in the lactate, can readily be explained 
by the valency-deflexion theory. It would be anticipated that a second «’-hydroxy-group 
would still further increase the katiophilic property ; with copper, however, the d-tartrate 


TABLE IV. 


Cadmium Salts. 
Malonate. Succinate. Adipate. Malate. 
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TABLE V. 
Copper Salts. 
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ion is decidedly less katiophilic than that of the malate (see Table V). The mesotartrate 
is decidedly more katiophilic than the d-tartrate and slightly more than the malate. The 
behaviour of the d-tartrate and the mesotartrate ions suggests the existence of the following 
equilibrium in solution : 


O>H 
Ho-c¥ ~ So 


a OH 
of \cu\x i Ge “\cH\g CH 


or 
< H 
ae oN m/f ~c-oH 
OH OH H<0O 
(III.) (IV.) 


Although it is possible that both (ITI) and (IV) are present, the stronger katiophilic nature 
of the mesotartrate ion indicates that (ITI) is present in predominating amount; were 
this not so, there is no apparent reason why the mesotartrate should be more katiophilic 
than the d-tartrate ion. The existence of (III) explains this behaviour, for in the position 
of minimum potential energy, the «-carboxyl and hydroxyl groups are much nearer to the 
«'-hydroxyl and carboxyl groups respectively in the d-tartrate ion than in the mesotartrate. 

The above view is supported by the work of Wolf (Trans. Faraday Soc., 1930, 26, 315, 
351; “‘ The Structure of Molecules,” Blackie, 1932), who has shown that ethyl mesotartrate 
has a greater dipole moment (3-66 x 107* e.s.u.) than ethyl d-tartrate (3-10 x 107%), 
which he explains by the restriction of free rotation, due to intramolecular forces. 

It is of interest that Lowry and Austin (Nature, 1924, 114, 430) suggested the existence 
of (III) or (IV) in order to explain the anomalous rotatory dispersion of tartaric acid 
and the fact that this is not removed on esterification but is on _ etherification 
(os in Hyco GE COat 

2 ‘O—CH—CO,H 
788) on the grounds that this type of co-ordination is impossible in such derivatives as 
diacetyltartaric esters, which also display anomalous rotatory dispersion. Whatever be 
the ultimate explanation of these phenomena, it appears probable that all three, anomalous 
rotatory dispersion, dipole moment, and katiophilic properties, are intimately connected. 

Maleate.—The introduction of a double bond into the succinate ion brings about a very 
decided increase in the katiophilic property, in spite of the carboxyl groups being further 
apart, indicating a very pronounced polar effect. Unfortunately, the sparing solubility 
of cadmium fumarate prevented a very interesting comparison. This, however, proved 
possible with the higher homologues. 

Citraconate and Mesaconate.—That the citraconate ion is more katiophilic than the 
maleate can be explained by valency deflexion. The very pronounced difference in the 
katiophilic properties of the citraconate and the mesaconate ion is interesting; in fact, 
provided suitably soluble compounds were available, this method could be adapted for 
the determination of the configuration of cis- and trans-isomerides. The katiophilic 
property of the mesaconate ion is only slightly greater than that of the acetate ion. This 
is noteworthy, in view of the presence of an additional carboxyl group and a double bond 
in the mesaconate ion. 

Phthalate—The copper phthalate titration shows that the phthalate ion has a strong 
— nature, and provides evidence of the formation of complex ions of the type 

u. * 

Citrate—The citrate ion co-ordinates with copper much more readily than with cadmium, 
but the latter shows a very pronounced maximum value of K, at a citrate-ion concentration 
of 005M, whereas no such maximum value of K, is shown with copper over the whole 
Tange of citrate-ion concentration, 7.¢., up to 0-18M. This indicates that, although copper 
has a much greater affinity than cadmium for the citrate ion, yet it shows little tendency 
to co-ordinate with more than two citrate ions, whereas the cadmium ion gives evidence 
of combining with three citrate ions. These observations are interesting in view of the 
covalency rule, and should be compared with the aminoacetate results (vide supra). 


). This view, however, was recently modified (Jones, J., 1933, 
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Part III. Copper Halides. 
By H. L. Ritey and H. C. Sirus. 


Before drawing any conclusions as to the relative magnitude of the aniophilic properties 
of copper and cadmium ions, it appeared desirable to extend these studies to other types of 
anion; those employed in Part II were all carboxylic, and the halides of cadmium were 
described in Part I, so it was decided to carry out similar copper halide measurements. 

Attempts to carry out titrations in the above manner gave extremely discordant results 
owing to the rapid formation of cuprous chloride and bromide during the titrations. This 
difficulty was overcome as follows. The condition of the electrodes was checked before 
the titration by using 0-01M-copper sulphate in each half-element. The halide-copper 
sulphate was then run into the right-hand half-element of the concentration cell, the 
electrolyte being stirred by bubbling hydrogen through it, and the P. D. of the two electrodes 
then measured. Only two potentials were measured at each titration, and the con- 
centration range was covered by carrying out several titrations. The values obtained 
were checked by preparing a copper halide solution of a particular concentration and 
measuring the potential of a freshly plated copper electrode when dipped into this solution. 
Curves were drawn from approximately 70 readings in each case. The results recorded in 
Table VI are the smoothed values obtained from these curves. Values of K,, were also 


TABLE VI. 
Copper Chloride. Copper Bromide. 


P.D., 

10K, 10*K,. 10’Ks. 10°K,,. mv. 10°K,. 10°K,. 10°K;. 
0°62 _ 440 420 

, 69°0 130 
82-2 71 
94:7 38 
107°7 20 
117-2 
123-9 
133-2 
141-7 
149-0 
160°6 
171°8 
185°3 
200°6 
223°1 
244°7 
264°4 
281-0 
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determined in the manner already described, the activity correction being included in the 
calculation. An attempt was made, by a method similar to that described in Part I, to 
evaluate the dissociation constants of the various undissociated species in solution. The 
nature of the experimental results permitted only a very approximate computation. The 
results are given below : 
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CuCl. CuCl,. CuCl,’. CuCl,”. 
K= 16x 10° 40 x 10° 1-3 x 10° 2-4 x 10-* 

CuBr’. CuBr,. CuBr,’. CuBr,”. 
K= 21x 10° 57 x 10°° 1-2 x 10° 5-1 x 10°° 


CONCLUSION. 


It is now possible to compare the affinities of ten anions for the cupric ion with their 
affinities for the cadmium ion. .The Fig. shows the anions arranged in descending order of 
their affinityf or the cupric ion plotted against the potential of the cell shown on p. 1441 
(E =Cu; x=0-1). The corresponding potentials observed when cadmium is used 
instead of copper are plotted in the same order. The copper concentration cells give 
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consistently higher potentials than the cadmium. Apart from small discrepancies in the 
position of the chloride and bromide results, which is not surprising in view of the 
difficulties encountered in carrying out the copper halide measurements, both sets of 
potentials show very similar trends. Although it is not possible to generalise, this result 
does indicate that the cupric and the 
cadmium ion possess characteristic, in- 400 = 
variable (or only slightly variable) © Copper 
aniophilic properties. There is a widely © Cadmium. 
held belief, based presumably on the %? 
behaviour of cadmium iodide solution 
in the transport-number apparatus, that 
cadmium possesses an exceptionally high 
tendency to form complex ions in aqueous 
solution (cf. Sidgwick, op. cit., p. 264: 
cadmium salts form complexes in water 
with “unparalleled ease”). We can, 
however, safely conclude from the above 
results that the aniophilic property of the 
cupric ion is considerably greater than 
that of the cadmium ion. What is the 
reason for this pronounced difference in 
the properties of these two ions? Their 
diameters are not greatly different, so 
this behaviour is not merely a volume 
effect. It has been suggested that certain 
metallic ions possess localised charges at 
their surfaces, due to the imperfect 
screening of the excess positive charge 
on the nucleus (Riley and Fisher, J., 1929, 
2006). (Is it possible that the localisation 
is a manifestation of a non-uniform field of force due to a discrete structure of the 
nucleus?) It is in some such direction that we must look for an explanation of these 
differences in the behaviour of copper and cadmium ions. 

The above results also show that there are very pronounced and fundamental differences 
between the protophilic and the katiophilic natures of anions. 


ARMSTRONG COLLEGE, UNIVERSITY OF DURHAM. 
NEWCASTLE-UPON-TYNE. [Received, July 28th, 1934.} 
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317. The Heats of Crystallisation of the Ethyl Esters of the 
Monobasic Aliphatic Acids. 


By Annie M. Kine and Wi11am E. GARNER. 


TuE heats of crystallisation and transition and the specific heats of some of the members of 
the homologous series of monobasic fatty acids and hydrocarbons have already been deter- 
mined, and the bearing of the data on the melting points of these series has been discussed 
(Garner and Randall, J., 1924, 125, 881; Garner, Madden, and Rushbrooke, J., 1926, 
2491; Garner and Rushbrooke, J., 1927, 1351; Garner and King, J., 1929, 1849; King 
and Garner, J., 1931, 578; Garner, van Bibber, and King, J., 1931, 1533). In this paper 
are reported the corresponding values for the ethyl esters of the monobasic fatty acids. 

A summary of the thermal data now available is given in Table I, together with other 
information which is relevant to the problem in hand, viz., that of the interpretation of the 
melting-point phenomena of homologous series. From this table, the effect of variations 
in the tilt of the hydrocarbon chains in the solids on the thermal properties of long-chain 
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TABLE I. 


No. of ; Heat of i. Heat of Con- 

C atoms Spacing and angle crystn. Sp. heat crystn.of vergence 
Homologous in of tilt of chain. per CH, (aver.) terminal groups temp. 
series. chain. Spacing. Angle. (Cals.). (cals. /g.). (Cals.). (calc.). 


Acids. 
Even 6—26 Cc 59° 12’ 1-03 0°48 Above Cy, —1°55 115°5° 


Odd, a 7—25 Cc’ 59° 12’ 0°97 0°44 » Cy, —2°56 1122 
s 59° 12’ 0°44 
74° 36’ 
90° for low 
members. 


(See Garner and King, J., 1929, 1856). 


Hydrocarbons. 
Even, a 22—34 90° * 0- 
- B va 72° 48’ * 1: 
61° 30’ * 


Ethyl esters. 
Even, a 18—30 90° * 0-708 0°71 
wo -F 64° 26’ * 1-04 0°43 
67° 30’ ¢ 
0°763 0°42 
* S. H. Piper, private communication. 
t Malkin (J., 1931, 2796). 


compounds can be clearly seen. If the chain be tilted with respect to the planes holding 
the terminal groups, then the heat of crystallisation per methylene group is about 1 kg.-cal., 
and the specific heats of the solids about 0-45 cal./g. at room temperatures. When the 
chains are vertical, as in the a-forms of the esters and hydrocarbons, the heat of crystallisa- 
tion per methylene group is much lower and the specific heats much higher than for the 
tilted forms. The reason for these differences was made evident by the investigation of 
Buckingham (Trans. Faraday Soc., 1933, 30, 377) into the dielectric constants and densities 
of ethyl behenate in the solid state, which has shown that the dipole possesses a greater 
freedom of movement and the hydrocarbon chains occupy a larger volume in the vertical 
than in the tilted form. The movement which occurs in the vertical form most probably 
consists in an oscillation of the hydrocarbon chain about its long axis (cf. Pauling, Physical 
Rev., 1930, 36, 443). The energy involved in the oscillation is evidently greater for the 
hydrocarbons than for the esters, since the specific heats are greater, viz., 1-05 as compared 
with 0-71. Consequently, the energy required to separate the hydrocarbon chains in 
melting is less for hydrocarbons (0-61 kg.-cal. per methylene group) than for the esters 
(0-71 kg.-cal.), and in general, less for the vertical than for the tilted forms. 

The relationship between the m. p.’s of homologous series and their thermal properties 
can best be brought out by reference to a simple theory of the melting process which has, 
in part, been developed in the earlier papers. The theory is not applicable to the first few 
members of a series because of abnormal effects due to the terminal groups. [If it be 
assumed, in the first place, that the molecules in the liquid have the same shape as in the 
solid, 7.e., consist of rods with the carbon atoms arranged in a zig-zag pattern, then the 
melting process can be described relatively simply. The probability that a rod molecule 
will collide with the surface of the solid in the right place to form a unit of the solid iattice 
will vary inversely with its length, and can be represented as a first approximation by 
p’ = k'/n, where k’ is a constant and » the number of atoms in the chain. The reverse 
process, the removal of a molecule from the surface, requires an activation energy equal to 
the heat of crystallisation, and the probability in this case is p’” = ve~®/"7, where Q is the 
heat of crystallisation and v the rate at which the energy is supplied by the lattice and from 
the liquid. At the m. p., p’= 9”, and (1) k/n = ve~@”?m, or (2) log, m + const. = 
Q/RT,,, if we assume that log, k/v does not vary very much from one member to another 
and is practically independent of temperature; (2) is not in accord with the facts, for it 
has been shown that Q/7,, varies linearly with m for all of the homologous series yet 


investigated. 


609 1-05 
0 0°44 





a ee. ak. Of eh ee ae oh oe. Cn. 


Ethyl Esters of the Monobasic Aliphatic Acids. 1451 


Our assumption that all of the molecules in the liquid state are in the form of rods must 
be in error, since rotation can occur about the C-C linking, and hence a correction must be 
made to (2) by multiplying the term on the left by the fraction of molecules which actually 
exist in the linear form in the neighbourhood of the solid surface. The probability that a 
molecule will occur in the linear form will evidently decrease with increase in nm. Consider 
the shortest possible unit with two methylene groups, and let 7 be the probability of the 
linear form in this case; then the probability of the linear form for a molecule with m atoms 
in the chain will evidently be r*~1, and p’ = k’'r"~1/n, and the equation for the 
equilibrium at the m. p. becomes 


(3) log.n — (n — 1)log,r + const. = Q/RT» 


This is in agreement with the experimental results, for since log, » and the constant are 
small compared with (m — 1)log. +r, Q/T,, varies linearly with n. Also, calculation of + 
from successive members of the homologous series (Table IT) gives values of the right order 
for the probability of the linear form. For the acids, within experimental error, 7 is a 
constant along the chain down to ” = 10, but below this it increases owing to the action 
of the terminal groups on the nearby methylene groups. 7 varies for different series 
between 0-25 and 0-5 for one chemical link, and this variation may be taken to indicate 
that the straightening of the chain actually occurs in contact with the solid surface, and 
possibly in a unimolecular film on the surface. It would be expected that + would be a 
constant for all series if the straightening occurred in the body of the liquid. 


TABLE II. 


Values of r for different homologous series. 
24 


6 8 10 12 14 16 18 20 
07509 0°390 0°376 0°265 0°286 0°246 0:295 0:295 0°364 0:218 
26 30 34 


4 
0-507 0-489 0°443 
20 22 


18 24 26 30 
0398 0399 0°430 0°430 0°442 
n thy esters, 8) 12 14 16 18 
0°458 0444 0°398 
11 13 15 


21 23 25 
0°420 0261 0°229 0:307 0341 0°341 0:223 


The value of + increases in the order, acids<ethyl esters<hydrocarbons, and this is 
the order of the m. p.’s of compounds in these series with an equal number of carbon atoms 
in the molecule. It must be borne in mind, however, that the acids exist as double and the 
esters as single molecules in the solid state, and this is also very probably true of the liquid 
state, for in non-dissociating solvents, the acids undoubtedly exist as double molecules. 
For chain compounds 22 carbon atoms long, the following data summarise the position, 
temperatures being on the absolute scale. 


Q (Cals./ = q, terminal q, methylene Convergent 
Homologous series. ; g.-mol.). group (cals.). group (Cals.). tT. temp., calc. 
Odd acids : 11-98 —5:12 0°97 0°272 385°2° 
Even acids * , 15°44 —3:10 1:03 0:279 388°5 
Ethyl esters, a ; 10°93 — 1-86 0°71 0-420 394:2 
Hydrocarbons, a 316°8 11-70 —0°53 0°61 0°479 408-0 


* Mean of twice 10th and 12th members. 


The values of the heat of crystallisation give little clue to the order of the m. p.’s or the 
convergence limits, but this order is in line with the values of 7. The general run of the 
melting-point curves above » = 10 is mainly determined by the value of r. Now r varies 
inversely as the heat of crystallisation of the methylene groups and directly as the looseness 
of packing and the amplitude of the oscillation of the methylene chains. Thus the attach- 
ment of a long-chain molecule to the surface of the solid occurs the more readily the greater the 
oscillation of the chain. This appears to be the most important factor determining the order 
of the melting points. 
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The ethyl esters give two melting-point curves which cut in the neighbourhood of n = 20 
The equations to the curves are : 

(4) Tm = (0-7630n +- 0-63) /(0-00179n% + 0-01475) up to n = 20° 

(5) Tm = (0-7081n — 3-28) /(0-001796” — 0-0012) above n = 20, 
and these curves, together with the experimentally determined setting points, are given in 
Fig. 1. On the same diagram are recorded the heats of crystallisation at the setting points 
of the two solid forms, (C) being that for the «- or vertical form, and B that for the 8- or 
tilted form. The $-forms are stable at the m. p. for members below n = 20, and the «-forms 
stable above. The point of intersection cannot be determined exactly, since there is 
hysteresis in the conversion of one form into the other similar to that observed with quartz 
(see Table III, and Fig. 2). 

The tilted forms of the esters are very complex, and this complexity is mainly due to 
rearrangements occurring about the ester group. They undergo a phase change of the first 
order, which is recognisable by changes occurring in the slopes of the dielectric-constant 
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curves, in the coefficient of expansion, and in the specific heats of the solid phase, but is 
not accompanied by changes in the long X-ray spacings or in the tilt of the chains. The 
magnitude of the effects observed at the phase-change point decreases progressively as the 
chain shortens, until at » = 20 it is not observable on the heat-content curve. On curve B 
are recorded the heats of crystallisation of the tilted forms stable below the phase change 
point. Above = 18 the slope of curve B is the same as that of the acids and the B-forms 
of the hydrocarbons, the heat per methylene group being 1 kg.-cal. Below » = 20, there is 
a change of slope at X, curve B now becoming parallel to curve C. There is no marked 
change in the specific heats on passing through X, so that there can be little change in the 
energy Of oscillation of the chains. Also, the long X-ray spacings, although only measured 
down to ethyl palmitate (Malkin, Joc. cit.), vary linearly with n, so there is no change of 
tilt of the chains at X. It must therefore be concluded that the change at X is due to some 
rearrangement occurring about the ester group. In order to throw further light on this 
point, Buckingham has measured the dielectric constants of ethyl palmitate in the solid 
state, and finds that the dipole possesses a much higher mobility than in the 6-forms of ethyl 
behenate. Hence, all the experimental evidence points to the same explanation of the 
change in slope at X, viz., that it is due to a change in the mode of packing the ester group. 
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In accordance with the argument advanced earlier, the 6-forms which possess non- 
oscillating chains should melt lower than the a-forms, and this is probably true down to 
n = 20, where the esters begin to behave in an anomalous manner. The rearrangement 
occurring in the packing of the ester group alters the relative stability of the a- and 6-forms 
and brings about the crossing of the melting-point curves. The rearrangement must be 
of such a character as to increase the probability of adhesion of the molecule at the solid 
surface. 

As we have seen, the terminal groups decide the mode of packing of the hydrocarbon 
chains even though the chains be 34 carbon atoms long. There is, however, a more specific 
action of the terminal groups which extends for 8 atoms along the chain. This shows itself 
in a departure of Q and Q/T from the linear relationships found to hold for the 
higher members, and in the case of the acids it is found to increase the value of + for the 
methylene groups near the end of the chain. The experimental data available for the lower 
members of homologous series are, however, so scanty that it would serve no useful purpose 
to discuss these effects at any length at this stage. 


EXPERIMENTAL. 


The ethyl esters of palmitic and stearic acids were obtained by esterification of Kahlbaum’s 
purest acids with sulphuric acid and ethyl alcohol, and purified by fractional distillation and 
crystallisation from ethyl alcohol until a constant setting point was reached. Ethyl laurate 
was prepared in the same way from pure lauric acid, setting point = 43-75°, and purified by 
fractional distillation. Ethyl behenate was prepared from Kahlbaum’s erucic acid which had 
been esterified and fractionally distilled, and afterwards reduced with hydrogen to the behenate. 
The ethyl behenate was fractionally distilled, and crystallised from ethyl alcohol to a constant 
setting point. The esters of the Cys, Cyg, and C9 acids were very kindly supplied to us in a 
high state of purity by Professor Francis. They had been synthesised from very pure behenate. 
The ester of the Cy, acid was very kindiy prepared by Dr. Malkin from recrystallised and fraction- 
ally distilled ethyl stearate prepared from Kahlbaum’s pure stearic acid. The setting points of 
these and other esters are given in Table III, together with those calculated from equations (4) 
and (5). 

TABLE III. 


Calculated and Observed Setting Points of Even Ethyl Esters. 
Setting point. Setting point. 
No. of Calc. No. of Calc. 

Catoms froma Catoms from Bs 

inchain. curve. Obs. curve. Obs. A. 
341°0° 341-°3° 305°9° 306°4° * +0°5° 
332-4 332°6 295°9 296-2 +0°3 
327°1 327°2 284°1 284:0 —0°1 
321-0 320°8 270°1 271°3 +1-2 
313°4 313°4 253 253°1* +01 
304°2 304-1 231-6 229 * —2°6 


292-3 292-3 
204°4 205°5* +1°1 
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* Indicates m. p. 
t Indicates values quoted by Phillips and Mumford (Rec. trav. chim., 1933, 52, 183). 
Sm. = Smith (J., 1931, 802). 
K. & G. = King and Garner, present research. 
. & R. = Garner and Rushbrooke (/oc. cit.). 
. & M. = Phillips and Mumford (/oc. cit.). 
= Deffet (Bull. Soc. chim, Belg., 1981, 40, 385). 
= Timmermans (ibid., 1923, 31, 389). 
= Simon (ibid., 1929, 38, 47). 


Purity of the Esters.—The physical properties of homologous series are not all equally sensitive 
to the presence of impurity. X-Rays will detect homologous impurities in amount exceeding 
1—2%, but the setting points are more sensitive than this, viz., to about 0-1%. One of the 
best criteria is the specific heat, for this shows an increase near the m. p. if impurity is present. 
Of the esters used, those of » = 14 and m = 30 do not attain the standard set by the rest. 
The specific heat of » = 14 in the solid state shows that some impurity is probably present. 
Ethyl behenate is probably the purest, for in tests made within 0-04° of the m. p. it appeared to 
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be completely solid. It is the ester most easily prepared in the pure state. The esters of 
n = 16, 18, 20, 24, and 26 showed no signs of the presence of impurity in the course of the 
investigation, but they were not subjected to the same test as the behenate. Fortunately, the 
heats of crystallisation of the «-forms are not very sensitive to impurities, so that there is little 
difficulty in determining these values. The properties of the $-forms are, however, more 
sensitive. 

Procedure.—The determinations of the specific heats and heats of crystallisation of the esters 
were carried out in the same apparatus and in a manner identical with that used previously for 
the acids and hydrocarbons (loc. cit.). The water-equivalent of the calorimeter remained 
unchanged throughout the series of experiments. 
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The low setting point of ethyl palmitate made it necessary for the crystallisation experiments 
to be carried out at 10°, but in all other cases, except that of ethyl laurate, the calorimeter 
temperature was approximately 18°. For this ester the calorimeter temperature was maintained 
at approximately 21°, and a cryostat in which liquid sulphur dioxide and liquid ammonia could 
be boiled under reduced pressure was used to give the low temperature necessary for the 
solidification of this ester. 

Experimental Data.—Only the experimental data essential for the calculation of specific 
heats and heats of crystallisation are given below. The complete experimental data, except 
those for ethyl laurate, are shown graphically in Fig. 2. 


Ethyl laurate (setting point = —1-70°). 
(Wt. of ester, 5°195 g.; glass, 5-873 g.; platinum, 0°1333 g.) 

Expt. Initialtemp. Fallin Rise in Expt. Initialtemp. Fallin Rise in 
No. of ester. temp. temp. No. of ester. temp. temp. 
1—3 30°597° 10°229° = =0110,° 7—9 — 920° —30°790° —0-970,° 
4—6 4°250 —15°837 —0°171, 12—14 — 32-876 —54:085 —1°'165, 
oy = 0°4825 cal./g.; ogg = 0°3378 cal. /g.; Og = 9°745 Cals. /g.-mol. 
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Ethyl palmitate (setting point = 23°2°). 
(Wt. of ester, 5°205 g.; glass, 5°631 g.; platinum, 0°1246 g.) 
Expt. Initialtemp. Fallin Rise in Expt. Initial temp. Fall in 
No. of ester. temp. temp. No. of ester. temp. 
1 20°11° 10°85° 0°108,° 5, 8, 9 54°32° 44:11° 
2 18-22 7°26 0068, 6, 10, 11, 13 28°42 18°66 
3 16°50 6°50 0°060; 
sg = 0°3931 cal./g.; of = 0°4979 cal./g.; Og = 12-68 Cals. /g.-mol. 


Ethyl stearate (setting point = 31°05°). 
(Wt. of ester, 5-370 g.; glass, 5-846 g.; platinum, 0-1358 g.) 

1 27-98 10-54 0-111, 22 30-097 12-27 0-368, 
13 28°91 11°57 0°356, 23 28°92 10°82 0°349, 
18 28°59 10°67 0°343, 6—9 36°13 17°96 0-920, 
20 29°53 11-06 0-351, 10—12 60°953 43°369 1-218, 


Osg = 0°4504 cal./g.; ag, = 0°9227 cal./g.; o, = 0°4994 cal./g.; Qg = 14°31 Cals. /g.-mol. ; 
Qa = 9°436 Cals. /g.-mol. 
Heat of transition a——>f = 4°874 Cals. /g.-mol. 


Ethyl ester of Cy acid (setting point = 40°36°). 
(Wt. of ester, 5°224 g.; glass, 5903 g.; platinum, 0°1358 g.) 
37°42 19°36 0°197, 38°05 20°95 0°447, 
36°43 18°19 0-409, 24°10 15°95 0-381, 
35°08 16°61 0°386, 45°72 27°79 1-034, 
34°11 15°84 0°378, 70°70 52°63 1°325, 
37°16 19°04 0°421, 
sg = 0°4383 cal./g.; o3, = 0°7209 cal./g.; o, = 0°5271 cal./g.; Qa = 10°93 Cals. /g.-mol.; 
Qp = 16°39 Cals. /g.-mol. 
Heat of transition a —-> B = 5°46 Cals./g.-mol. 


Ethyl behenate (setting point = 47°8°). 
(Wt. of ester, 5°838 g.; glass, 6°253 g.; platinum, 0°1249 g.) 
38°80 20°67 0°235, 19 46°01 27°25 0°581, 
25°70 7°72 0°086, 8, 16, 17 53°53 35°08 1267, 
40°02 21°91 0°499, 22—25 76°77 58°02 1-570, 


o5,, = 0°4422 cal./g.; Osg, = 0°4477 cal./g.; og, = 0°6512 cal./g.; o1 = 0°5450 cal. /g.; 
Qa = 12°42 Cals. /g.-mol.; Qg = 18°63 Cals. /g.-mol. 
Heat of transition a—->B = 6°21 Cals./g.-mol. 


Ethyl ester of Cy, acid (setting point = 54°2°). 
(Wt. of ester, 4°935 g.; glass, 5°800 g.; platinum, 0°1218 g.) 
27°64 9°49 0-089, 10 45:00 26°18 0°454, 
42°58 23°53 0°232, 12—15 60°36 41°62 1-162, 
31°39 13°81 0°133, 17—19 84°65 65°81 1-436, 
52°02 33°43 0°555, 


sg, = 0°418 cal. /g.; os, = 0°4613 cal./g.; og, = 0°7238 cal./g.; or = 0°5325 cal. /g.; 
Qa = 13°82 Cals./g.-mol.; Qg = 20°57 Cals. /g.-mol. 
Heat of transition a —-—> B = 6°75 Cals./g.-mol. 
Ethyl ester of Cy, acid (setting point = 59°6°). 
(Wt. of ester, 4°876 g.; glass, 5°704 g ; platinum, 0°1208 g.) 
29°93 12°80 07121, 15 56°93 38°26 0°594, 
36°26 18°18 0°177, 4,5,7 64°74 46°51 1-210, 
47°66 29°72 0°295, 10, 11, 13 88°43 69°79 1-471, 
Ogg, = 0°4271 cal. /g.; osg = 0°4798 cal./g.; og, = 0°7343 cal./g.; o, = 0°5332 cal. /g.; 
a = 15°22 Cals./g.-mol.; Qg = 22°66 Cals. /g.-mol. 
Heat of transition a —->f = 7°44 Cals. /g.-mol. 
Ethyl ester of Cy, acid (setting point = 68°3°). 
(Wt. of ester, 4°749 g.; glass, 5-869 g.; platinum, 0°1358 g.) 
33°80 16°59 0°160, 8 67°11 48:99 0°704, 
57°01 39°87 0°425, 9, 10, 11, 15 73°30 54°81 1-297, 
45°36 29-01 0.287, 17, 18, 28 91-30 73-46 1-507, 
Ogg, = 0-4447 cal. /g.; 08g, = 90-6389 cal. /g.; og, =0-7884 cal. /g.; o1 = 0°5461 cal. /g. ; 
Qa = 17-93 Cals. /g.-mol. ; Qg = 25-98 Cals./g.-mol. 
Heat of transition a —->f = 8-05 Cals. /g.-mol. 
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The heat content of the esters is shown in Fig. 2, in which, following the convention used in 
the earlier papers, points obtained by cooling the solid to its initial temperature from above the 
m. p. are indicated by A, and points obtained by heating the solid ester from room temperature 
to its initial temperature are indicated by ©. Circumstances to be noticed in connexion with 
Fig. 2 are: (1) the greater slope of the curves for the a-forms, (2) the change of slope in the 
8-forms of the long-chain esters, which occurs in the case of ethyl behenate at the point (*) 
where this ester undergoes a phase change of the first order (cf. Buckingham, Joc. cit.), and 
(3) the hysteresis in the conversion « ——-> 8, which becomes less pronounced as the chain length 
increases. It will be observed that the phase change in the B-forms decreases as the chain 
shortens, and disappears at about m = 18, The recorded heats of crystallisation of the B-forms 
are those obtained by extrapolating the lower straight line (called B,) back to the m. p., and the 
heats of transition « —-> 8 are those for the change at the m. p. The heats of crystallisation 
and transition, the specific heats, and temperatures of transition, are summarised in Table IV. 


TABLE IV. 


Heats of Crystallisation and Transition, Specific Heats, and Transition Temperatures of 
Ethyl Esters. 
Heat of Specific heats Sa 
No. of Heat of crystn. maser (cals. /g.). Transition 
C atoms (Cals. /g.-mol.). a—->f, at s.p. Solid. temps. Setting 
in chain. a. B. (Cals./g.-mol.). Liquid. a. By; a—>p. B—>«. point. 
12 9°745 0°48 0°34 —1:7° 
14* 11°17 0°50 (0°50) 11°0 
16 12°68 0°50 0°39 23:2 
18 9°436 14°31 4°874 0°50 (0°92t) 0°45 27° 31°05 
20 10°93 16°39 5°46 0°53 0°72 0°44 33°5 40°36 
22 12°42 18°63 6°21 055 O65 0°44 39 47°8 
24 13°82 20°57 6°75 0°53 0°72 0°42 , 54:2 
26 15°22 22°66 7°44 053 O73 0°43 49°5 59°6 
30 17°93 25°98 8°05 055 O79 0°45 61°5 i 68°3 
* Garner and Rushbrooke, Joc. cit. 
t This high value is caused by difficulties in measuring accurately the specific heat of ethyl stearate, 
owing to the instability of the a-form of this ester (cf. Fig. 2). 


SUMMARY. 


The thermal data for the ethyl esters of the monobasic acids between m = 14 and 
n = 30 have been determined. These esters exist in two main forms, one with a vertical 
and the other with a tilted chain. The form stable at the melting point possesses a vertical 
chain when > 20 and a tilted chain when » < 20. The heats of crystallisation of the 
vertical forms vary linearly with , but there is a change of slope for the tilted forms at 
n = 20. This is attributed to a change in the mode of orientation of the ester group in 
the lattice. 

On comparing these data with those available for other homologous series, it is seen that 
the vertical forms possess a much higher specific heat and a much lower heat of crystallisa- 
tion of the methylene groups than the tilted forms. This is due to a greater amplitude of 
oscillation of the chain about its main axis. The vertical forms possess, in general, the 
highest melting point, and this is ascribed to a greater rate of attachment of the chain to 
the surface of the solid. 
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318. Primary Photochemical Reactions. Part V. The Spectroscopy 
and Photochemical Decomposition of Acetone. 
By Ronatp G. W, Norrisu, H. Gorpon Crone, and OLIvE D. SALTMARSH. 


THE photochemical decomposition of ketones is known to occur when the dry vapour is 
irradiated with light corresponding to the absorption band of the carbonyl group (ca. 
AA 3200—2200 A.). Simple unsymmetrical ketones yield a mixture of hydrocarbons and 
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carbon monoxide: ¢.g., methyl ethyl ketone decomposes approximately according to the 
equation (Part IV; Norrish and Appleyard, this vol., p. 874) CH,-CO-C,H, —> CO + 
1(C,H, + CsH, + C,H,). For acetone, Damon and Daniels (J. Amer. Chem. Soc., 
1933, 55, 2363) find quantum efficiencies of 0-2, increasing to 0-4 between 24 3130 and 
2650 A. This has been confirmed in the present paper. These simple results may be 
explained by either of the following mechanisms : 


CH CH, 


3*SCO* followed by : 
5 


Cisco + Cs>cos = 200 + GHe + Gls + Citta) 


CH, + C,H, = 3(C,H, + C,H, + CH 49) 


i.e., either by the postulation of molecular activation, or by assuming the primary pro- 
duction of free radicals which combine to give a mixture of hydrocarbons. 

The former explanation has been suggested by Damon and Daniels (loc. cit.) and 
accepted by Noyes (Rev. Mod. Physics, 1933, 5, 280). The latter, first suggested by one 
of us (Norrish, Trans. Faraday Soc., 1934, 30, 103), represents our view. 

To explain the low quantum efficiency, Damon and Daniels assume that some collisions 
of excited molecules are unreactive and lead to the degradation of the energy of excitation 
to heat. “We have concluded, on the other hand, that the primary dissociation process 
itself is inefficient, and that a proportion of molecules which absorb quanta are not dis- 
sociated, their energy being degraded to heat by an internal process. 

It is not possible to choose between these two mechanisms without further experimental 
data. If the first theory is correct, we should expect the ketone to have an absorption 
spectrum showing discrete structure of vibration and rotation; for the upper level is 
regarded as stable and unreactive except on collision. For the same reason, it should also 
show fluorescence at reduced pressures. So far as was known at the time of their work, 
acetone did show fluorescence, but the spectrum was believed to be continuous. Spectro- 
scopic indications were therefore conflicting, for a true continuous spectrum is a sure 
indication of molecular dissociation. In the present paper we have therefore studied the 
problem from this point of view, and have made a careful examination of the absorption 
and fluorescence of acetone, as well as of its photochemical decomposition. From all our 
results we have concluded that the mechanism involving primary dissociation into radicals 
is the correct one. This raises an issue of fundamental importance to the problem of the 
decomposition of polyatomic molecules in general, viz., the mechanism by which those 
molecules which give a diffuse spectrum and no fluorescence lose their energy without 
dissociating. We discuss this matter on p. 1463, 


EXPERIMENTAL. 


Preparation of Acetone.—The whole of the acetone used in this work was purified by the 
method of Shipsey and Werner (J., 1913, 103, 1255). The acetone was distilled from its sodium 
iodide compound on a steam-bath, dried for 24 hours over calcium chloride, and distilled, first 
and last fractions being rejected. The whole process was then repeated; at the final distilla- 
tion the b. p. was constant to 0-1°, and within 0-3° of the b. p. for the existing atmospheric 
pressure given in the international critical tables. 

The Ultra-violet Absorption Band of Acetone.—Acetone, in common with all ketones and 
aldehydes, has an absorption region in the near ultra-violet lying between 3300 and 2200 A., 
and characteristic of the carbonyl group. This band has frequently been observed and described 
as continuous, showing a maximum at 2800 A. Damon and Daniels (loc. cit.) agreed with other 
workers in describing it as structureless. This statement, however, was at variance with the 
observation of fluorescence, since this can only be produced by absorption in a region of discrete 
structure, and it seemed probable that part at least of the acetone absorption band should 
Show fine structure. This has been fully verified by our photographs. Using a column of 
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1 m., and vapour pressures from 0-2 mm. to 140 mm., a region of discrete structure on the 
long-wave side of the continuous absorption band has been observed. The spectrum was photo- 
graphed by means of a Rowland’s concave grating of 3 m. focal length, and giving a dispersion 
of 5-3 A. per mm. in the first order. The source of ultra-violet radiation was a water-cooled 
hydrogen lamp of the Bay and Steiner type, yielding a continuous emission from 3800 to 2000 A. 
The absorption tube was of quartz, 1 m. long, with plane end plates fused on; it was connected 
by a ground joint to a reservoir of pure acetone and to a Hyvac pump. The vapour pressure 
of acetone could be controlled by freezing-mixtures of solid carbon dioxide—ether, ice—hydro- 
chloric acid, ice, etc. 

The absorption spectrum obtained consisted of two parts partially overlapping. First 
came a discontinuous region extending from 3326 to 2945 A.; then from 2945 to 2200 A., 
where it died out, the absorption was continuous and structureless. The transition did not 
appear completely sharp, the former region appearing to overlie the latter for a short distance 
of about 200 A., between 3100 and 2900 A. This overlap was greatest at the higher pressures. 
One of our photographs is reproduced in Fig. 1. The discrete part of the spectrum is very 
complicated and crowded, and may consist of the unresolved rotational structure of a single 
complex band, or alternatively of a set of bands, fairly close together and completely overlapping 
each other. A photograph of this region using the second order of a 6 m. grating would probably 
be worthy of study. For our present purpose, it is sufficient to have resolved the absorption 
band into this region of discrete structure. 

In order to confirm the continuous structure of the absorption band beyond about 3000 A., 
further photographs were taken on a Hilger small quartz and a Hilger E 1 (dispersion 6-7 A/mm. 
at 3300, and 2-6 A./mm. at 2500) spectrograph. Tubes 1 m. and 5 m. long were employed, and 
the pressure of acetone varied from 0-1 to 160 mm. These photographs completely verified 
those obtained with the grating. With the exception of the region of discrete structure 
between 3300 and 3000 A. described above, the absorption spectrum was quite continuous. 

Snow and Eastwood (Nature, 1934, 133, 908), on photographing the spectrum of acetone 
with low dispersion, found three or four faint maxima of absorption in the continuous spectrum. 
These we have confirmed; they are separated by about 1100 wave-numbers, in agreement 
with a characteristic Raman frequency of the carbonyl group. 

The Fluorescence of Acetone Vapour.—The fluorescence was observed in a quartz tube, 
5 cm. long and 4 cm. in diameter, with quartz end plates fused on, and with a side limb attached 
to act as a reservoir for the acetone. The whole apparatus was first evacuated by means of 
a mercury-diffusion pump. Pure acetone was then distilled into the reservoir, which was kept 
cool in liquid air. The observation chamber and reservoir were then sealed off from the distilla- 
tion and pumping system. The pressure of acetone in the tube was controlled by various 
freezing mixtures. 

The fluorescence was excited by light from a horizontal mercury arc, which was focused 
from outside the dark room by means of a large-aperture quartz lens fixed in a hole in the wall. 
The light was filtered through a plate of Chance’s glass, so that only light of wave-length 
2A 3800—3300 A. entered the room, and the fluorescence could be examined in darkness. 
When the sharply focused beam of ultra-violet light was allowed to fall into the cell, its path 
was shown up by a brilliant band of greenish fluorescence, the intensity of which diminished 
with diminution of the pressure of acetone, and disappeared when the side arm was cooled in 
liquid air. In agreement with the work of Damon and Daniels, it was found that the addition 
of a few mm. of oxygen to the acetone reduced the intensity and changed the colour of the 
emitted light from greenish to bluish. After a period of illumination, the original fluorescence 
reappeared. Addition of nitrogen, however, had no effect on the character of the fluorescence. 
These results are explained if we assume that, while unaffected by inert gases, the fluorescence 
is specifically quenched by the chemical action of oxygen with the excited molecules of acetone. 
In course of time, the oxygen is removed by this reaction and the original fluorescence reappears. 
The transient fluorescence must be ascribed to some intermediate product. 

The fluorescence was photographed and examined visually in a constant-deviation flint-glass 
spectroscope giving a dispersion of 93 A./mm. at 4 = 5000 A. and 200 A./mm. at 4 = 6100A. 
The mercury and the neon spectra were used for comparison. Both visually and photograph- 
ically, it was found to consist of three diffuse bands devoid of structure. The frequency 
separation of these bands was 1500—1600 wave-numbers and is of the same order as the 
Raman frequency characteristic for the carbonyl group (1700). Measurements are given 
below. 











(To face p. 1458. 
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Wave-length, A. Int. Wave-no., in vac. dv. 
Edge of band 5034 
Maximum 5117 10 19,540 
Edge of band 5244 1600 


Edge of band 5458 
Maximum 5572 17,940 


Edge of band 5699 


Edge of band cons 


Maximum 6095 16,410 


Edge of band 6303 


The discrete fluorescence in the ultra-violet region referred to in a preliminary account of this 
work (Nature, 1933, 182, 241) has not been confirmed. Unfortunately, a number of weak lines 
from the anode of the mercury lamp in the region 3300—3800 A. were transmitted by the colour 
filter and scattered into the spectrograph. Owing to difficulty with this scattering, we have 
not yet been able to make certain whether the fluorescent emission of acetone extends down to 
the exciting line or not. 

The Infra-red Absorption of Acetone-—By comparison of the magnitudes of the absorbed 
and the emitted quanta, it may be inferred that the fluorescence of acetone is associated with 
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levels corresponding to absorption in the infra-red and lying between 7100 and 10,000 A. (Fig. 2). 
The existence of such an absorption region in acetone had not hitherto been suspected. We 
have, however, detected it by photographic means, using a small-grating spectroscope giving a 
dispersion of 41 A./mm., in the first order, and either a carbon arc or Pointolite lamp as source. 
Eastman mesocyanin (Type III P) and xenocyanin (Type III Q) plates, both sensitised in dilute 
ammonia and developed to maximum contrast with metol—hydroquinone developer, were 
employed. First-order iron-arc standards were photographed on the plates before and after 
exposure. . 

With a column of vapour 1 m. long, no absorption was observable, but with a column of 
pure liquid acetone 0-6 m. long, a set of absorption bands, all diffuse and of varying intensities, 
was obtained. The wave-lengths were measured, and are recorded below. 
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New Infra-red Absorption of Acetone. 
; 7,205 (1) 7,346 (2) 7,488(2) 8,737(1) 8,851 (10), 9,166 9,807(2) 9,987 (10) 
Wave-number, 
IN VAC. cccece 13,879 13,613 13,355 11,450 11,300 10,190 10,010 


This infra-red absorptien of acetone is far removed from the absorption lying between 
3-42. and 13-1 measured by Coblenz (‘‘ Investigations of Infra-red Spectra,” Carnegie 
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Institution, No. 905, p. 200). It is in precisely the position indicated by the fluorescence 
measurements recorded above. 

The Relation between the Fluorescence and the Ulira-violet Absorption Band.—lIt is to be 
expected that fluorescence will only be produced by absorption in that part of the spectrum 
showing discrete structure. In order to test this point, use was made of a large-aperture 
quartz monochromator, and a powerful hydrogen lamp consuming 2 amps. at 4000 volts, 
kindly put at our disposal by Dr. Schulman of the Department of Colloid Science. The lamp 
gave a continuous spectrum of nearly uniform intensity over a wide range. Used in conjunction 
with the monochromator, it afforded beams of ultra-violet radiation, approximately mono- 
chromatic in character, the wave-length range in any given beam being regulated by the slit of 
the instrument. Since these beams were of approximately the same intensity, they could be 
used to compare the variation of the fluorescence of acetone with the wave-length of the 
stimulating light. The same observation cell as was used in the photography of the fluorescence 
was employed. It was interposed in the path of the beam, and the fluorescence observed at 
right angles to the beam through the plane end plates. The following observations were made : 


Wave-length of exciting Character of Wave-length of exciting Character of 
radiation, A. fluorescence. radiation, A. ; fluorescence. 
2500—2600 None 2900—3100 Strong 
2650—2750 None 3000—3200 Strong 
2700—2900 Just visible 3100—3300 Moderate 
2800—3000 Moderate 3150—3400 Faint 





These results are plotted in Fig. 3 in comparison with the ultra-violet absorption of acetone 
vapour as measured spectrophotometrically by Porter and Iddings (J. Amer. Chem. Soc., 1926, 
48, 40). For this purpose an arbitrary scale of intensity of fluorescence based on our visual 
observations was employed, viz., faint = 1, moderaté = 4, strong = 16. It will be seen that 
the fluorescence is stimulated by the absorption of light exactly corresponding in wave-length 
to the region of sharp discrete structure observed in the absorption spectrum. 

The maximum intensity of fluorescence is stimulated by light of wave-length 3050 A.; on 
the other hand, that of absorption is at 2700 A in the region of continuous absorption which 
produces no fluorescence at all. The correlation between the discrete character of the absorption 
and the incidence of fluorescence is thus complete. 

The Photochemical Decomposition of Acetone.—There are two points of major importance to 
be decided in this chemical aspect of the problem: (1) The nature and proportions of the 
products of decomposition, the latter determination being necessary in order to find which is the 
main reaction and which secondary. (2) The relative effects of various wave-lengths in the 
decomposition of acetone vapour, and especially a comparison of those falling within the discrete 
and the continuous part of the ultra-violet absorption spectrum. This may be achieved by the 
measurement of the quantum efficiency of decomposition in monochromatic light. 

The products of photodecomposition of acetone, and the nature of the primary reaction. Purified 
acetone was refluxed in a vacuum in a quartz flask under illumination from a quartz—mercury 
lamp. The apparatus has been fully described (Part IV, Joc. cit.), After the illumination had 
continued for some 30 hours, the products of decomposition were pumped off by the Toepler 
pump, and collected in three fractions. The first fraction was pumped off through a liquid-air 
trap, the quartz flask being similarly cooled ; it contained mainly carbon monoxide, but also some 
methane; it would have contained any hydrogen if present. The second fraction was pumped 
off through a liquid-nitrogen—pentane bath at — 145° to — 150°, and would contain any ethyl- 
ene, together with small quantities of ethane, which has a small vapour pressure at this 
temperature. The third fraction was pumped off at — 110°, using a cooling bath of alcohol 
and liquid air, and would contain ethane, higher hydrocarbons, and carbon dioxide. The 
analysis of the three fractions was as follows: (i) (25-4 c.c. at N.T.P.) 21-2 c.c. carbon monoxide 
(by absorption in ammoniacal cuprous chloride), 4-2 c.c. methane (by explosion), no oxygen; 
(ii) (3-5 c.c. at N.T.P.) all ethane (by explosion), no unsaturated hydrocarbons or carbon dioxide; 
(iii) (16-4 c.c. at N.T.P.) all ethane, no carbon dioxide or unsaturated hydrocarbons. 

From these results, the following composition may be calculated for the gaseous products of 
decomposition ; CO, 46-6; CH,, 9-2; C,H,, 44:2%. Damon and Daniels, however, obtained 
the following : CO, 47; CH,, 13-2; C,H,, 27-9; H,, 4:2; CO,, 3-6%. With this result we are 
unable to agree, for the following reasons : 

(1) We have carried out many decompositions of ketones homologous with acetone by the 
method described above, and have never obtained either carbon dioxide or hydrogen among the 
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products, except in cases where the ketone could be shown to contain a carboxylic acid as an 
impurity, or when air was allowed to leak into the apparatus. With acetone itself in the presence 
of air, carbon dioxide was readily obtained. Berthelot and Gaudechon (Compt. rend., 1910, 
151, 478; 1912, 155, 207) similarly reported only the formation of carbon monoxide, ethane, 
and methane from acetone, and would have surely detected carbon dioxide and hydrogen had 
they been formed. 

(2) The percentages of ethane and methane recorded by Damon and Daniels were obtained 
by indirect combustion of the mixture, a method which cannot give results comparable in 
accuracy with the fractionation method used above. 

We believe that the source of the hydrogen and carbon dioxide recorded by Damon and Daniels 
is either the secondary decomposition of some intermediate compound formed as a side issue in 
the direct illumination of the liquid acetone, or the chance entry of air into their apparatus. 

It will be seen that the carbon monoxide and ethane in our analysis are nearly equivalent 
toeach other. It is clear, however, that small quantities of less volatile substances accumulate 
in the acetone during prolonged irradiation, for the liquid turns slightly yellow. If the liquid 
be screened as far as possible from the light, however, this effect is reduced to a minimum and 
would appear to be the result of photochemical reaction induced in the liquid itself. It seems 
probable that the methane results from the decomposition of some compound produced in this 
way, for, when using filtered light and weaker intensities in the measurements of quantum yield 
described in the next section, we were unable to obtain any methane, and found that carbon 
monoxide and ethane constituted the whole of the reaction products. 

In view of the equivalence of the ethane and carbon monoxide and of the above consider- 
ations, we conclude that decomposition in the gas phase is practically quantitative according to 
the stoicheiometric equation CH,*CO*CH, = C,H, + CO. It therefore becomes pertinent to 
inquire whether the ethane molecule has its origin in a single molecule of acetone or whether 
some other mechanism is operative. Since, however, the analogous decomposition of methyl 
ethyl ketone (Part IV, /oc. cit.) affords a mixture of ethane, propane, and butane, the change 
cannot take place in this simple way; but the analytical results are suitably explained if the 
reaction follows one of the two courses indicated on p. 1457, which are criticised later. 

The quantum yield of the photodecomposition of acetone. Damon and Daniels (loc. cit.), 
using a mercury lamp and a monochromator, found y = 0-2—0°3 at 3130 A. and 0-3—0-4 at 
2650 A. It will be observed that while the first wave-length falls within the region of the 
spectrum showing discrete structure and fluorescence, the second corresponds to the apparent 
continuum where fluorescence is absent. In this region, our previous experience with nitrogen 
peroxide would have led us to expect a value of unity, and it seemed worth while to repeat the 
measurements by a different method to check this interesting anomaly, but we too found low 
values. 

The decomposition was carried out at constant vapour pressure of acetone at 60° in identical 
sealed quartz bulbs of 200 c.c. capacity; each bulb had a short stem of quill tubing about 5 cm. 
in length, and a second tube through which it could be filled and sealed off at a constriction. 

After they had been thoroughly baked out under high vacuum, about 1 c.c. of pure acetone 
was distilled into the stem of each bulb by the use of liquid air, and the bulb was sealed from 
the distillation apparatus. Two of these bulbs were mounted side by side in an oven, carefully 
regulated to 60°, with their stems vertically downward. Through suitable quartz windows, 
two beams of light from a horizontal mercury-vapour lamp traversed the oven, and passed 
diametrically through the bulbs. One beam was of wave-length 3130 A. the other of 2750— 
2480 A.; they were focused alternately by identical optical systems on to a sodium photo- 
electric cell, which had been calibrated for each wave-length against a thermopile previously 
standardised against an N.P.L. standard lamp. 

The mercury lamp was of the horizontal type, and was run from a battery of cells at a constant 
voltage of 135 and a current of 3-0 amps. [Irradiation was maintained for 15 or more hours, 
the incident and transmitted radiation being determined from time to time and found to remain 
constant. At the end of this period, the bulbs were inverted, and opened over mercury by 
nipping the end of the constriction. The mercury entered and compressed the gaseous products 
into the closed stem where their volume was measured under atmospheric pressure, allowance 
being made for the vapour pressure of acetone. The gas was then introduced into a micro- 
gas burette and analysed for carbon monoxide. This was found to be always about 50%. The 
residual gas exploded as pure ethane; a small quantity of ethane dissolved in the acetone. No 
evidence of methane or carbon dioxide was found, and it seems probable that with monochromatic 
light of low intensity in the absence of any liquid, the decomposition occurs quantitatively to 
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carbon monoxide and ethane. The quantum efficiency was then calculated from the carbon 
monoxide produced and the number of quanta absorbed, as described by Norrish and Kirkbride 
(J., 1932, 1518). Corrections for light losses by reflexion were determined directly, and amounted 
to about 20%. 

Similar experiments were carried out with light of wave-length 3650 A., and also a blank 
experiment to prove the absence of any thermal decomposition. 

Colour filters as described by Bowen (J., 1932, 2236) were used to isolate the various wave- 
lengths. They were contained in quartz cells of 5 cm. diameter with plane end-plates fused 
on. These filters transmitted varying amounts of visible light in addition to their specific 








































ultra-violet regions. Since, however, the photoelectric cell was nearly insensitive to these visible 
wave-lengths, only a small correction was needed. This was determined directly as previously i 
described by Norrish and Kirkbride (/oc. cit.). c 
The following results were obtained : a 
(1) Calibration of photoelectric cell-galvanometer system, giving erg sensitivity and quantum a 
sensitivity per cm. deflexton of the galvanometer. q 
P.D. on cell, Volts ..ssssssesseeseseenes 93 112 ' 215 : 
y — . - I 
Wave-length, A. .........ssecresrereees 2480—2770 3130 3650 2480—2770 3130 di 
Ergs|SC. ....crcrscccscesccccseccsceverees 1660 650 591 655 256 h 
Quanta/sec. X 10 .......eeeeeeeeees 2°25 1-04 1-10 0°885 0°41 : 
(2) Measurement of quantum yield. ha 
Temp. 60°; pressure of acetone, 860 mm. Hg. tic 
a. 2480—2770. 3130. 3650. (Dark.) cal 
(1). (2). (1). (2). to 
PD Gee COT, CONS cevvsccscccsvescessssevsces 93 215 93 215 112 — Th 
Incident intensity, cm. defin. ............ 12°25 8°55 22-6 35°6 18°5 ae 
Transmitted do., cm. defin. ............+++ 2°32 1°76 3°12 4:8 17°8 -- ace 
Time of irradiation, hrs. .........0..++++ 15 15 15 15 76 15 doe 
Quanta absorbed 1071 ...........eceeees 4°75 3°25 43 6°82 0-2 — r 
Vol. CO formed, c.c.at N.T.P. ......... 0°73 0°57 0°38 0°47 0-0 0-0 ", 
Mols. decomp. X 10 — ...cseeceeeseseeee 1°98 1°5 1:04 1:27 0-0 0°0 atic 
CoeeREER DEED... scvenseinnnpesettenbeomeneses 0°42 0°46 0-24 0-19 0-0 _ tak 
Our results are in good agreement with those recorded by Damon and Daniels, and it is thus Tote 
established : (1) that acetone is decomposed photochemically within the region of fluorescence mol 
and fine structure with a quantum yield of 0-2; (2) that the quantum yield in the diffuse part of the the 
spectrum where fluorescence is absent is greater than that in the region of discrete structure but diss 
considerably less than unity. ener 
DISCUSSION OF RESULTS. This 
From the varied spectroscopic and chemical results just described, it is possible to con- mole 
struct a tolerably complete picture of the photochemistry of acetone vapour. In the first diag 
place, one can now distinguish between the two hypotheses of activation and dissociation by tl 
referred to on p. 1457. The absence of any structure in that part of the absorption spectrum the ¢ 
lying between 2900 and 2200 A. is in agreement with the inability to excite fluorescence in etthei 
CD t 





this region, and confirms the view that the primary photochemical effect is a molecular 
disruption. Such a disruption must give free hydrocarbon radicals for reasons which 
have already been made clear (Part IV, /oc. cit.). In the region of the absorption spectrum 
between 3300 and 3000 A. there is discrete structure and fluorescence is readily excited; 
in this region, therefore, we have excited molecules which do not decompose but lose some 
of their energy as fluorescence. It is unlikely, however, that any of these excited molecules 
of acetone react with other molecules of acetone, as suggested by Damon and Daniels 
(loc. cit.), for the fluorescence is not diminished but increased as the pressure of acetone 
is increased, at least as far as 180 mm., the limit of our observations. The fact that the 
fluorescence is also visible in liquid acetone lends further support to this view. 
Photochemical reaction, however, occurs in the region of discrete as well as in that 
of continuous absorption, but with diminished efficiency. It is evident that at about 
3000 A. there exists a threshold, signalised by the cessation of fluorescence, and the loss 
of discrete structure in the spectrum, and it is significant that the energy of the quantum 
at this point (94,500 cals.) corresponds approximately to the energy of the C-C link. 
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The probability of molecular decomposition increases as we pass through the threshold, 
but even in the region of continuous absorption, where there is no fluorescence, it is not 
unity; ¢.g., at 2650 A. only 40% of the molecules which absorb light actually decompose. 
We are thus presented with a problem fundamental to the photochemistry and spectro- 
scopy of polyatomic molecules, viz., the fate of those molecules which absorb light in a 
continuous region of the spectrum, but neither fluoresce nor decompose. 

The answer to this question involves a perfectly logical extension of our ideas of pre- 
dissociation, When two atoms of a simple gas such as sulphur come together, they are 
unable to combine unless a third body is present to remove the energy of recombination. 
Conversely, if a molecule of sulphur absorbs a quantum of light greater than 100 kg.-cals. 
it will dissociate by the familar process of predissociation, unless the energy is removed by a 
collision within the space of 10-1 sec. The chance of this happening is virtually nil at 
atmospheric pressure. Thus, inside the region of diffuse absorption, where there is no 
fluorescence, every molecule of sulphur which absorbs a quantum must dissociate, and the 
quantum efficiency is unity. If we 
translate these ideas to the recom- 
bination of free radicals and the pre- 
dissociation of polyatomic molecules, 
however, the situation is modified by 
the fact that the polyatomic molecule i tl 
has many internal degrees of (vibra- : y=) 
tional and rotational) freedom which ——9 
can exert a stabilising effect similar 
to that of a third body in collision. 

Thus if a methyl radical and an 

acetyl group come into collision, it 

does not follow that a third body is 

required to stabilise their combin- 

ation. The excess energy may be 

taken up by the other vibrational and EE Seer 

rotational degrees of freedom of the /eye/s of CO group. Vibration of C-C link, 

molecule, and the larger the molecule, : 

the greater is the probability that this will occur. Similarly, in the reverse process, the pre- 
dissociation of such a molecule, it does not follow that rupture will always occur when an 
energy quantum of the right magnitude is absorbed in the region of continuous absorption. 
This will only occur if the internal condition of the molecule is favourable. Otherwise the 
molecule will be stabilised by the loss of some of the energy to other degrees of freedom. A 
diagrammatic representation of this is shown in Fig. 4. The quantum of light is absorbed 
by the carbonyl group along AB. Along BC an energy switch (predissociation) occurs from 
the carbonyl group to the C-C link, via the common carbon atom. At C, the molecule may 
either decompose by the rupture of the C-C link, or it may be “ internally ” stabilised along 
CD by partial absorption of energy into other degrees of freedom as described above. 

It is thus apparent that with a polyatomic molecule, light may be absorbed in a region 
of continuous absorption without disruption, the net effect being an internal degradation 
of the energy to heat. It is probable that many examples will come to light of polyatomic 
molecules with diffuse spectra which show only low photochemical efficiency. 

When a quantum of light is absorbed in the long-wave region of the absorption band, 
the acetone molecule will persist for an interval in the excited state, and at the end of about 
10* sec. will, if nothing else happens, remit the energy as fluorescence. Even in the region 
of discrete absorption there is, however, a finite probability of a radiationless transition to 
the unstable C-C level, and this will increase with the magnitude of the absorbed quantum. 
As we have seen, molecules undergoing this transition may or may not ultimately de- 
compose, but the possibility of fluorescence is lost. The chance of decomposition further 
increases with the energy of the quantum, since in these circumstances stabilisation becomes 
Increasingly more and more difficult. 

With acetone in the spectral region of discrete structure, it is apparent that while some 
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molecules fluoresce, others decompose: there is thus a dual probability, which must 
be conditioned by the internal state of the molecule, after the manner suggested by Franck, 
Sponer, and Teller (Z. physikal. Chem., 1932, 188, 88). In the continuous region, however, 
the predissociation switch occurs in all cases, within the period of a free vibration (10 
sec.), and there is no fluorescence. The two regions merge slowly into one another, result- 
ing in a region of overlap, or “ diffuse ” threshold of photochemical activity. In view of 
the process of internal thermal degradation which we described above, it is now clear why 
Damon and Daniels, in spite of the low quantum efficiency of 0-4, were only able to account 
for 3% of the absorbed energy in the fluorescence radiation. The deficiency represents 
the energy which is degraded internally to heat. 

Conclusion.—Coupled with the evidence yielded by the photodecomposition of the 
unsymmetrical ketone, methyl ethyl ketone, we may therefore conclude, on the basis of 
the above evidence, that the primary decomposition of acetone occurs by way of free 
radicals : CO(CH;), = CO + 2CH, — 80kg.-cals. As has been previously observed, it 
is impossible to state whether these radicals are detached simultaneously, or the one 
followed rapidly by the other. The radicals then combine to give the ethane which is 
found as a principal product of the decomposition. We have seen that, even in the region 
of continuous absorption, this process is not completely efficient, but that often molecules 
in a state of predissociation may degrade their energy to heat instead, through a process 


of internal stabilisation. 
SUMMARY. 


(1) The absorption spectrum of acetone has been shown to consist of two parts: (a) a 
region of discrete absorption extending from 3340 to ca. 2950 A., and (0) a region of con- 
tinuous absorption, completely devoid of structure, extending from ca. 3000 to 2200 A. 
These two regions overlap somewhat. 

(2) The fluorescence of acetone vapour has been studied by visual and photographic 
means. It increases in intensity as the pressure of acetone is increased up to 180 mm., 
and is not appreciably affected by inert gases. Its intensity is diminished and its colour 
changed by oxygen, as recorded by Damon and Daniels. This is probably due to the 
specific reaction of excited acetone molecules with oxygen, and to the production of a second 
(transient) fluorescent substance. 

(3) A region of infra-red absorption lying between 7000 and 10,000 A., inferred from 
the measurements on the fluorescence, has been verified. 

(4) It has been shown that fluorescence is stimulated only by absorption in that part 
of the spectrum showing discrete structure. Absorption in the continuous part of the 
spectrum gives no fluorescence at all. 

(5) The main products of photodecomposition of acetone are carbon monoxide and 
ethane, together with a small amount of methane. 

(6) Photodecomposition occurs both in the region of fine structure and in the continuum. 
The quantum efficiency at A = 3150 is 0-2, and at A = 2650 it is 0-4, in agreement with the 
results of Damon and Daniels. 

(7) It is inferred that the decomposition does not involve the bimolecular reaction of 
excited molecules, but that primary dissociation occurs to give free hydrocarbon radicals 
and carbon monoxide. The radicals combine to give ethane. 

(8) Even in the region of continuous absorption this process is quite inefficient, and it 
is shown that a polyatomic molecule in a state of predissociation may degrade its energy 
to heat instead of decomposing. This occurs through a process of ‘“‘ internal” 
stabilisation. 


We are indebted to the Royal Society and the Chemical Society for grants for apparatus, 
to the Department of Scientific and Industrial Research for an assistantship, and to the 
Governing Body of Girton College for the award of a Yarrow Studentship to one of us 


(O. D. S.). 
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CAMBRIDGE UNIVERSITY. (Received, May 29th, 1934.] 
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The ‘‘ Cannizzaro Reaction”’ of Hydrastinine. By (Miss) SARAH N, McGegocu and 
THoMAS S, STEVENS. 


THE conversion by alkali, of hydrastinine (I or II) into oxy- (III) and hydro-hydrastinine 
(V) (Freund and Will, Ber., 1887, 20, 2400), is usually represented by the scheme (I—V). 
Such a ring closure of the amino-alcohol (IV) appeared improbable, and we therefore 
prepared this substance with a view to study its stability towards caustic alkali. 


a CH, 
H,C nab 2 
aoe: NHMe XX iatne + ‘a “kt 
| —_ -OH 


r 


CH, 
“NCH, 
\N Me 


CH-OH 
(II.) 


Tiffeneau and Fuhrer (Bull. Soc. chim., 1914, 15, 172) have shown that fission on heating 
with acetic anhydride is a specific reaction of tertiary benzylamines, not shared by 6- 
phenylethylamines (e.g., _CH,Ph*NMe, —> CH,Ph:OAc + NMe,Ac). Hydrohydra- 
stinine was similarly converted into the diacetyl derivative of (IV), and when this substance 
was hydrolysed by alkali under conditions similar to those used by Freund and Will, the 
product was the free amino-alcohol (IV) and not hydrohydrastinine. 

This observation does not, however, prove that hydrastinine reacts in the form (II) in 
Freund and Will’s experiment, the isoquinoline ring remaining intact throughout, for if 
Tischtschenko’s interpretation (J. pr. Chem., 1912, 86, 322) of the Cannizzaro reaction 
be correct (e.g., 2Ph*CHO—> Ph-CO,-CH,Ph —> Ph-CO,K + CH,Ph-OH), hydra- 
stinine (I) would yield, as intermediate product, the ester (VI), which then might undergo 
ring closure to hydrohydrastinine. A successful synthesis of this ester is unlikely, on 
account of the tendency of O-acyl derivatives of amino-alcohols to pass into their N-acyl 
isomerides. Such a difficulty would not arise in a study of the Cannizzaro dismutation in 
an O-pseudo-base (lactole). Hessert’s method (Ber., 1877, 10, 1445) for the preparation 


H,c<? 


; 
of “hydrophthalide”” [VII; CH,(OH)-C,H,CHO == O-CH,°C,H,-CH-OH], a most 
suitable example, yielded in our hands a product which agreed with his description, but 
was essentially impure phthalide. Attempts to prepare the methyl ether of (VII) from 
0-bromobenzyl methyl ether or from o-methoxymethylbenzoic acid failed, as the former 
substance did not react with magnesium, and the latter gave only phthalide even with 
cold thionyl chloride. 

It would be easy to test the possible intermediate formation of an ester if this type of 
dismutation could be effected in an amino-alcohol in which the reactive group did not 
form part of a ring, ¢.g., C5Hy>N-CH,OH == C;H,NH + CH,O —> H-CO,Me + 
HN<C;H,, —> MeN <C,;H,9—but this was not achieved in any of several cases, including 
the above example. 


8-(6-Hydroxymethylpiperonyl)ethylmethylamine (IV).—Hydrohydrastinine (4 g.) was boiled 
for 4 hours with acetic anhydride (30 c.c.), the excess of anhydride removed in a vacuum, and 
the residue boiled with charcoal in benzene. From the filtered and concentrated solution, 
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ligroin precipitated the diacetyl derivative as a resin, which crystallised from the same solvent 
in needles, m. p. 77—78° (Found: N, 4-8. C,;H,,0,N requires N, 4:8%). This was boiled 
with excess of 15% sodium hydroxide solution for an hour, the solution extracted with benzene, 
and the base precipitated as picrate, which formed long, deep yellow laminz from alcohol, 
m. p. 195—197°, and depressed the m. p., 174—176°, of hydrohydrastinine picrate (Found : 
C, 46-5; H, 4:1. C,,H,,0,;N,C,H,O,N, requires C, 46-6; H, 4:1%). The free base could not 
be obtained crystalline. 

o-Methoxymethylbenzoic Acid.—Methyl sulphate (15 g.) was graduaily added to phthalide 
(5 g.) dissolved in sodium hydroxide solution (70 c.c. of 10%) at 40° with stirring, which was 
continued for } hour at 70°. The cooled mixture was extracted with ether, acidified with sul- 
phuric acid, and again extracted. The second extract was washed with sodium carbonate 
solution, from which the acid was precipitated by sulphuric acid. It formed needles, m. p. 
116—118°, from chloroform, and depressed the m. p., 118°, of o-hydroxymethylbenzoic acid 
(Found: M, by titration, 167. C,H,.O, requires M, 166). The acid dissolved sparingly in 
water or alcohol, readily in chloroform, benzene, or ether, and slowly reverted to phthalide on 
keeping.—Tue University, Grascow. [Received, July 18th, 1934.] 





The Preparation of Some Fluoro-aromatic Acids. By J. FREDERICK J. Dippy and 
FRANK R. WILLIAMS. 


THE introduction of fluorine into the aromatic nucleus has been greatly facilitated by Balz and 
Schiemann’s method (Ber., 1927, 60, 1186); ethyl p-fluorobenzoate has thus been obtained 
from ethyl ~-aminobenzoate by Schiemann and Winkelmiiller (‘‘ Organic Syntheses,” Vol. 
13, p. 52), who describe the product as a liquid. This preparation has now been repeated, 
and the ester obtained as a solid, crystallising at 0° from light petroleum (b. p. 40—60°) (Found : 
C, 64-1; H, 5-4. Calc. for C,H,O,F: C, 64:3; H, 5-4%), m. p. 26°, in agreement with that 
recorded by Holleman and Slothouwer (Chem. Zenir., 1911, i, 74). 

An attempt to prepare p-fluorobenzoic acid directly from p-aminobenzoic acid was unsuccess- 
ful, but o- and m-fluorobenzoic acids have been obtained from the corresponding amino-acids. 

o-Fluorobenzoic Acid.—Hydrochloric acid (60 c.c.; 10%) was added to o-aminobenzoic 
acid (15 g.) in warm water (50 ¢.c.), and the solution cooled and filtered. Sodium nitrite 
(7-5 g.) in water was slowly stirred in at 0°, followed after 5 minutes by 40% aqueous hydro- 
fluoboric acid (24 g.; 1 mol.; excess caused poorer yields); the bulky precipitate of diazonium 
borofluoride which was deposited after a few minutes was washed with a little cold water, 
dried (10 g.), and decomposed at 125°; a sublimate and violet vapour arose, which disappeared 
after prolonged heating. The product was extracted with sodium carbonate solution, and 
the extract filtered and acidified, whereupon o-fluorobenzoic acid was deposited, m. p. 126-5° 
(1-1 g.) on recrystallisation from water (charcoal) (Kuhn and Wassermann, Helv. Chim. Acta, 
1928, 11, 31, give m. p. 125-5°, uncorr.). 

m-Fluorobenzoic Acid.—By a similar procedure, 15 g. of m-aminobenzoic acid yielded 
8-5 g. of diazonium borofluoride, which decomposed at 155° to give 0-8 g. of m-fluorobenzoic 
acid, m. p. 124° (Holleman, Rec. trav. chim., 1906, 25, 330, gives m. p. 124°). 

Notwithstanding the thorough drying of both diazonium borofluorides, much tarry matter 
was produced in their thermal decomposition. 

Similar attempts to prepare p-fluorophenylacetic acid and its ethyl ester failed; in each case 
a brown amorphous solid was produced, containing a negligible amount of diazonium boro- 
fluoride. This acid was, however, obtained as follows. Sodium cyanide (1 g.) in water (1 g.) 
was refluxed with p-fluorobenzyl chloride (2 g.) in alcohol (3 c.c.) for 3 hours, and then heated 
with water on the steam-bath; the oil which separated was washed, and then boiled with 10 c.c. 
of 10% hydrochloric acid. The p-fluorophenylacetic acid (ca. 1 g.) obtained on cooling 
crystallised from water (charcoal) in colourless diamond-shaped leaves, m. p. 86° (Found : 
C, 61-7; H, 4-55. C,H,O,F requires C, 62-3; H, 4-5%). 


The authors thank Imperial Chemical Industries for a grant, and Dr. B. Jones of the Uni- 
versity of Sheffield for the gift of a specimen of p-fluorobenzyl chloride.—TuHr TEcHNICAL 
CoLLEGE, CarpiFF. [Received, July 19th, 1934.] 
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The Vector Analysis of Dipole Moments. By FRANK R. Goss. 


Ir has been supposed that the dipole moment of a sufficiently complex molecule should be 
capable of resolution by the method of vector analysis into two or more link moments, each 
associated with a special electric doublet within the molecule. The dipole moments hitherto 
employed for liquids, however, are entirely dependent on the assumed validity of the Clausius— 
Mosotti expression, which makes no allowance for the effect of anisotropy and requires modi- 
fication accordingly (Goss, this vol., p. 696). As the modified formula for the liquid state has 
provided a method by which accurate dipole moment values can be calculated, it is of interest 
to re-examine the validity of the method of vector analysis. A series of compounds has been 
chosen, whose dipole moments can be resolved into the link moments of electric doublets 
separated by valency angles, already measured by other physical methods. The angles between 
the C-Cl bonds of the chlorinated methanes have been measured by Bewilogua (Physikal. Z., 
1931, 32, 265) by X-ray diffraction experiments on the vapours, and the moments of methyl 
chloride and chloroform have been recalculated (Goss, this vol., p. 698) by using the temperature 
variation of the true polarisation (,P) from recorded values of the observed polarisation in the 
liquid state (P,). The data for methylene chloride have now been similarly recalculated from 
the recorded observations of Morgan and Lowry (J. Physical Chem., 1930, 34, 2385), and are 
given below, p being the volume polarisation of the solvent, 7.e., (¢ — 1)/(¢ — 2). 


Methylene chloride. 
In carbon tetrachloride. In methylene chloride. 








4 —, ~~ 
TZ. , 

263° 7 
283 7 
303 6 


oo €. p- P- . . rP. rP acted ak. 
3°4 2°303 0°3028 46°7 10°51 0°7602 91-1 32°7 
0-0 2-262 0°2961 46°8 9°58 0°7410 85°4 33°3 
7°3 2-221 0°2893 46°7 8-71 0°7199 81-1 33°3 


w= 178D; Pei ag = 167 0.c.; Pg= 158 c.c. 


€ 


If it is assumed, with Bewilogua (Joc. cit.), that the moment due to the electric doublet 
associated with the C-Cl link is the same for all the chlorinated methanes, it is possible, by using 
Bewilogua’s valency angles, to calculate by the vector-analysis method the moments of chloro- 
form and methylene chloride. The following table shows that the values so obtained are 
identical with those now recalculated by the author’s method from polarisation data : 


CH;,Cl. CH,Cl,. CHC];. CCl. 
Valency angle (Bewilogua *) 124° + 6° 116° + 3° 109°5° 
p, calculated (Bewilogua ') 1-74 + 0°17 1-2 + 0°4 0 
p, accepted value (Debye *) 1 1°56 1-11 0 
p, true value (Goss %) . 1:78 1:20 0 


1 Loe. cit. 2 *‘ Polaré Molekeln,’’ 1929, appendix and supplements, 
8 This vol., p. 696; and this paper. 


The new values may have to be modified slightly when more accurate data become available 
from a wider temperature range.—THE University, LEEps. [Received, June 20th, 1934.) 





Correction to “‘ The Synthesis of Substances analogous to Bile Acid Degradation Products. 
Part II.” By Joun W. Baker. 


In the removal of hydrogen bromide from methyl a-bromo-n-propane-aa$-tricarboxylate by 
means of pyridine (Baker, J., 1933, 811), it has now been found that the reagent evidently 
catalyses a three-carbon prototropic change in the Ae-propene ester (which must be the initial 
product), and the resulting unsaturated ester consists mainly of the Af-ester. Hence the solid 
bromo-ester, m. p. 68°, obtained by the subsequent addition of hydrogen bromide, is not the 
8-bromo-compound, as previously supposed, but methyl y-bromo-n-propane-aa$-tricarboxylate. 
The experimental data have suggested that further study of the isomerisation of the propene 
ester would be of interest, and hence fuller discussion is reserved. Meanwhile, it should be 
noted that the new structure of the bromo-ester affects the constitutions assigned to all the com- 
pounds which were derived from it—THE UNIvErsiIty, LEEps. [Received, August 3rd, 1934.] 
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OBITUARY NOTICES. 


ROBERT ADDIE. 
1870-1934. 


RosBertT ApDIE was born in Uddingston, near Glasgow, 64 years ago. His father was 
James Addie, of the firm of Robert Addie and Sons, for a long period well-known coal- 
masters at Langloan, Coatbridge, about 10 miles east of Glasgow. 

Addie, in 1888, entered as a student in the laboratory of R. R. Tatlock and Readman, 
and made good progress in the study of theoretical and practical analytical chemistry. 
Those who knew him at that time remember him as an amiable and cultured young man, 
always on friendly terms with his colleagues. In the laboratory, a society known as The 
City Analyst’s Society was constituted, and to it Addie read a paper on the “ Recovery of 
Ammonia and Tar from Blast Furnace Gases,” as practised at the Langloan Iron Works. 
The recovery of these by-products was comparatively new at that period and the sulphate 
of ammonia produced was crude compared with the present-day article. 

Addie’s bent was, however, in the direction of a more active life than that in a chemical 
laboratory. He left Tatlock and Readman’s laboratory, learned the manufacture of steel 
with the Steel Company of Scotland, and later became manager at Ellesmere Port of the 
Smelting Corporation. He was there for several years, but the Works were ultimately 
closed down. He next set up as a consultant, and was engaged by a London syndicate 
to go to the United States of America to report on a mineral property. Then for some 
years he was Managing Director of The Zafra and Huelva Railways and afterwards Director 


of the same Company. 
R. T. THomson. 





WILLIAM DALRYMPLE BORLAND. 
1863—1934. 


WILLIAM DALRYMPLE BORLAND was born in London in 1863. He was educated privately 
and at University College, London, studying under Professor A. W. Williamson. In 1879, 
he entered the laboratory of Mr. Otto Hehner, where he worked for two years, and for a 
short period thereafter was Demonstrator at the Royal Veterinary College, Camden Town, 
under Professor Tuson. 

Borland then joined the staff of the Explosives Co., Ltd., Stowmarket, and engaged in 
research and, under Mr. W. F. Reid, in the development of smokeless propellant powders. 
A little later, this work was taken over by the “‘ E.C.”” Powder Co., Ltd., of which Borland 
became Consulting Chemist in 1887 and Managing Director in 1896. 

In 1896, Borland was responsible for the production of ‘ E.C. No. 3,” an improved form 
of the smokeless powder devised by him in 1888. During the War he designed special works 
for the manufacture of guncotton for cordite. 

In 1918, the “‘ E.C.” Powder Co. was amalgamated with Imperial Chemical Industries, 
Ltd., and Borland became Technical Expert in Sporting Powders and Ammunition, a 
position he occupied until the time of his death, on May 20th, 1934. 

During the whole of his career, Borland devoted particular attention to the acquisition 
of knowledge of the manufacture and testing of propellant explosives, both at home and 
abroad, and much of his work was necessarily of a confidential nature and could not be 
published. His knowledge has been of great service to Imperial Chemical Industries, Ltd. 

Apart from his scientific work, Borland was interested in architecture, music, and 
photography. He had a charming personality and was highly esteemed both as a man and 
as a technician. 

Borland was elected a Fellow of the Chemical Society in April, 1884. He was a Fellow 
of the Institute of Chemistry and an Original Member of the Society of Chemical Industry. 
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RICHARD ARTHUR BUSH. 
1863—1933. 


RICHARD ARTHUR Busu was born at Hackney on June 12th, 1863, second son of William 
James Bush, founder of W. J. Bush & Company (makers of essential oils and flavours), 
at that time at Bishopsgate St. Within. He attended a boarding school at Margate and, at 
the age of seventeen, a finishing school in Germany. Leaving this, he at once joined his 
father’s business, working there during the day and studying chemistry under Professor 
Dunstan at night. 

On the death of W. J. Bush the business was inherited by five brothers, including 
Richard. Under their guidance it developed more along chemical lines and increased 
materially. In 1896, at the age of only thirty-three, Bush found himself in a position to 
retire from the business, which at about that time was incorporated into a Limited Company. 
Of his accomplishments in a scientific way during his active business career, little is known. 
He spent much time at the Mitcham branch-factory of the Company and was known as an 
assiduous worker, keeping extraordinarily long hours. The writer knows only that the 
subject produced the first essential oil of elder flower made. Up to that time the distilled 
odour was known only as the “ water.” It is probable that much of Bush’s other work was 
original, but it was, unfortunately, performed during a period in which publication was 
considered to be bad policy by industrial concerns. 

On his retirement Bush worked fully as hard as he had during his business career. He 
became a local secretary for the National Society for the Prevention of Cruelty to Children, 
he took over the Rock Terrace Mission (attached to the Mitcham Parish Church), and he 
commenced a thorough investigation of the subject of spiritualism. His interest in this 
led him, years later, to found and guide the destinies of the Wimbledon Spiritualist Church. 
He wrote four books which are-known in spiritualist circles, namely, ‘‘ Whence have I 
Come,” “‘ The Larger Spiritualism,”’ “ Jesus Christ at Work,” and ‘“‘ Sweet Corn from 
Heaven.” 

At the age of twenty-one Bush married Maude Rosamund Simmonds, daughter of 
G. R. Simmonds of Belsize Grove, Hampstead. He is survived by his wife, three daughters, 
and two sons. His eldest daughter predeceased him. 

Bush, before his death, left an interesting message on his desk, to be broadcast to his 
relatives and friends on his demise: “ As a Spiritualist who neither fears nor regrets death 
but rather welcomes it in due course as a step onward in the life eternal, I do not wish for 
any mourning either inward or ceremonial and I trust that no one will grieve me by dis- 
regarding this my wish. Let all bid me God-Speed and pray for a blessing upon my new 
life.” 

W. A. Bus. 





ROBERT MARTIN CAVEN. 
1870—1934. 


By his sudden death at the age of 64 on July 16th, 1934, a month after he had completed 
his course of lectures, the Royal Technical College, Glasgow, lost its highly esteemed and 
distinguished Professor of Inorganic and Analytical Chemistry, Robert Martin Caven, who 
had held the Chair since 1920. 

Caven was born at Southampton in 1870 and received his early education from his 
father, the Rev. Robert Caven, B.A., and at Wyggeston Grammar School, Leicester, and 
later at University College, Nottingham, a period of four years’ service with a wholesale 
chemist intervening between his school and college career. When he left college after 
graduating B.Sc. of London in 1892, he served for about three years as assistant to Dr. Hill, 
City Analyst of Birmingham, with whom he gained a valuable experience of which he often 
spoke in later years. In 1895 he returned to his old college, first as assistant lecturer in 
chemistry under Professor Frank Clowes and later as senior lecturer under Professor F. S. 
Kipping, F.R.S. This position he filled until the end of 1918 when he was appointed 





1470 Obituary Notices. 


Principal of the Technical College, Darlington. Although he was on the happiest terms 
there with all concerned, the constant administrative duties made little appeal and he 
welcomed the return to purely chemical work in Glasgow. In 1906 he married Ethel Mary, 
daughter of Stephen Willson, a pharmacist of Peterborough, by whom, with one daughter, 
he is survived. In all his interests both inside and outside the College he had the most loyal 
support of both wife and daughter. 

Caven was beyond military age during the greater part of the War, but was glad to 
devote himself to chemical war work. He took some part in the preparation of large 
quantities of ethylene dibromide, the first stage in the preparation of a certain drug required 
by the army, and carried out an investigation on the manufacture of concentrated hydrogen 
peroxide. He also rendered gratuitous help to the City Analyst of Nottingham, who was 
devoting himself to the training of cadets. 

Caven will be remembered chiefly for his contributions to the literature of his subject. 
To the teaching of chemistry he was sincerely devoted. As a result of a ripe experience in 
Nottingham he conceived the idea of systematising the subject on what appeared to be 
untraversed lines and in conjunction with Dr. G. D. Lander, then his colléague, he published 
in 1906 his first text-book, “‘ Systematic Inorganic Chemistry from the Standpoint of the 
Periodic Law” (Blackie). In 1909 he gathered together his ideas on the teaching of 
qualitative analysis in his “‘ Systematic Qualitative Analysis for Students of Inorganic 
Chemistry ”’ (Blackie). His purpose was to build up qualitative analysis on thoroughly 
scientific foundations and to construct the analytical tables directly from the student’s 
practical experience, a method which appeared seldom to have been adopted in English 
text-books. The remarkable success which met these efforts encouraged him further and 
several other text-books followed at regular intervals, amongst which may be mentioned : 
“A Short System of Qualitative Analysis” (1917) (Blackie); ‘‘ Carbon and its Allies ”’— 
Vol. V of ‘ A Text-book of Inorganic Chemistry ” edited by Dr. J. Newton Friend (1918) 
(Griffin); ‘‘ The Foundations of Chemical Theory” (1920) (Blackie); ‘“‘ Quantitative 
Chemical Analysis ”—Part I (1923), Part IT (1925) (Blackie); “‘ Gas and Gases” (1926) 
(Williams and Norgate); “ Atoms and Molecules” (1927) (Blackie); “Symbols and 
Formule in Chemistry ” with Dr. J. A. Cranston (1928) (Blackie). At the end of 1933 he 
revised his ‘‘ Short Course of Qualitative Chemical Analysis ’’ and early this year completed 
the revision of Part I of his “‘ Quantitative Chemical Analysis ” as well as his ‘‘ Qualitative 
Chemical Analysis.” He acted as General Editor of “Manuals of Pure and Applied 
Chemistry ” (Blackie) and himself contributed some volumes to this excellent series. 

All his books bear the stamp of a great teacher and possess that literary charm which 
characterised everything that came from Caven’s pen. He held very definite views on the 
education of the chemist and these appeared in the Journal of the Society of Chemical 
Industry during the war years. He wrote widely on a large variety of topics—travel, 
religion, popular science. He was an enthusiastic supporter of and a very frequent con- 
tributor to the series of popular articles on scientific subjects which appeared regularly in 
the Glasgow Herald over a period of five years, a scheme which had as its aim the enlighten- 
ment of the general public on the services rendered to the community by chemists and 
chemistry. 

Caven’s earlier research work was published in the Journal of the Society of Chemical 
Industry (1897—1900) and concerned qualitative and analytical work. In 1909, in the same 
Journal, he published a method of detecting and estimating chloride, bromide, and iodide in 
mixed solution. His work on “ The Molecular Configurations of Phosphoryl Chloride and 
its Derivatives ’* and “ Phosphoric Amidines,” published in the Journal of the Chemical 
Society (1902—1903), earned for him the D.Sc. of London in 1902. There followed work on 
the dissociation pressures of alkali bicarbonates, the first paper in collaboration with Dr. H. 
Sand. In conjunction with Dr. E. B. R. Prideaux he published some work relating to the 
employment of ammonium nitrate in the manufacture of the explosive Ammonal. Two 
interesting Patents Nos. 106,247 and 108,372 (1917) bearing his name made a contribution 
to the problem of solution in water of “ soluble glass,” an account of this work appearing in 
the Journal of the Society of Chemical Industry in the following year. 

Shortly after taking up his Glasgow appointment, Caven started a study of double salts 
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and published with colleagues in the Journal of the Chemical Society a series of papers on 
equilibria in systems of double sulphates, an investigation which he had purposed extending 
to other double salts. An interesting paper in 1932 describes the isolation of a new type of 
double salt in which a double sulphate is formed by combination of a bivalent and a quad- 
rivalent sulphate—manganese and thorium. This work would doubtless have led to other 
equally interesting results. All his work on double sulphates is summarised, along with a 
theory of double salts, in the Journal of the Royal Technical College, Glasgow (1933 and 1934), 
which he himself was largely responsible for inaugurating. During the last two years he 
had been investigating the existence of double perchlorates, and published his first paper on 
this subject in the Journal of the Chemical Society this year. 

During the tenure of his posts in Nottingham and Glasgow, Caven took an active part 
in promoting the interests of local chemical societies. For two years (1916—1918) he held 
the Chairmanship of the Nottingham Section of the Society of Chemical Industry 
and in Glasgow the Chairmanship of the Glasgow and West of Scotland local section of 
the Institute of Chemistry, an office which he held at the time of his death. He served 
on the Council of both organisations. In Darlington, while his work was largely adminis- 
trative in a college chiefly devoted to engineering, he lectured to apprentices on iron and 
steel manufacture and metallography and to master painters on the chemistry of their 
trade. His popular lectures on experimental chemistry drew large audiences and were 
highly appreciated. It was because he regarded the teaching of chemistry as his life-work 
that he broke a happy connection in Darlington to come to the Chair in Glasgow. 

Caven had outstanding gifts as a lecturer and public speaker. He was much in demand 
as a lecturer on scientific topics and many a worthy cause outside of chemistry found in him 
a most ardent supporter, in particular, the League of Nations. In March of last year he 
delivered before the Institute of Chemistry a lecture on Joseph Priestley, reflecting his 
special interest in the historical aspects of his subject. The son of a Baptist minister, he 
always took a warm interest in that denomination, having held many offices within the 
church, including the Presidency of the Glasgow Baptist Association. 

The dominant characteristic of the man was a noble dignity, graciousness and courtesy. 
Of humble demeanour, he possessed fearless honesty and an unswerving devotion to the 
truth. He was keenly devoted to the highest interests of the College and of the Chemistry 
department as a whole. He spared not himself in the interests of his staff or his students. 
In the social life of the College he took a prominent part and has left his mark on many of 
its activities. His life was an active one from first to last and profound regret has been 
expressed on all sides that he was cut off only a few months before the rigour of the law 
compelled a retirement, which, though well-earned, was quite unsought. 

W. M. CumMING. 





JUAN PEDIGE CHARLES CHANDRASENA. 
1887—1934. 


CHANDRASENA was born in Colombo on March 27th, 1887. Having passed the Intermediate 
Examination of the University of London, which at that time was the highest scientific 
examination held in Ceylon, he was appointed Demonstrator in Chemistry at the Ceylon 
Medical College on January Ist, 1914, Dr. A. F. Joseph at that time being the Professor of 
Chemistry. Shortly after his appointment the first examinations for the London Pass 
degree were instituted and Chandrasena was one of the first to pass this examination in the 
island. In 1920 he received a Government Scholarship and came to London, and worked 
for two years with Professor Thorpe and Dr. Ingold, receiving the Ph.D. degree and the 
Diploma of the Imperial College. On his return to the island he was appointed Lecturer 
in Chemistry at the then recently inaugurated Ceylon University College, and this post he 
held to within a year of his death, when, on the resignation of the writer, he was appointed 
Professor of Chemistry. He was interested in the economic and medicinal plants of Ceylon 
and when on leave in 1928 he visited Europe and worked for nearly a year in Germany with 
Staudinger and Schmidt. He had completed, but had not yet published, a book on the 
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medicinal plants of Ceylon. Asa chemist he was painstaking and thorough, more interested 
in the work he was doing than in the publication of results, although he had several papers 
to his credit in the Journal of the Chemical Society and the Biochemical Journal. He was 
an excellent teacher and was always able to interest his students in investigation. Asa 
colleague and friend he was admirable. A man of simple tastes, he was a Buddhist who 
lived up to the high tenets of his faith. He was interested in social work and did much to 
help the unfortunate classes. By his untimely death Ceylon loses one of the best men it 
has produced. He leaves a widow, a son, and a daughter, to whom will be extended the 


sympathy of all who knew him. 
N. Rae. 





ROBERT ENGLISH. 
1870—1934. 


RoBErRT ENGLISH acquired the elementary principles of gas manufacture at the Beckton 
Works of the Gas Light and Coke Co., where he was employed for about 10 years, doing 
a considerable amount of experimental testing on the Dibden and Harcourt pentane 
standards under the direction of Mr. W. Grafton. Subsequently he gave evidence before 
the Select Committee on the Standard of Light and Sulphur Clauses. 

In 1901 he obtained the position of assistant to Mr. Shoubridge, the then engineer to 
the Crystal Palace (now the South Suburban) Gas Co., and in association with the late 
Prof. V. B. Lewes conducted experiments on the admission of water-gas to inclined retorts. 
In 1902 he went to New Zealand as chief engineer and manager to the Christchurch Gas Co., 
retaining this position for some years. In 1933 he came to England in company with 
Mr. H. R. Young in the interests of Coal Distillation and By-Products (N.Z.) Ltd., with a 
view to preparing a scheme for the manufacture of free-burning coke and by-products 
from the Westport coals (0-2°% ash), which scheme was well advanced at the time of his 
death. He was an Associate Member of the Institute of Mechanical Engineers, and a 
prominent Freemason in the Dominion, being a past Master of the St. Albans Lodge, 
Christchurch, and a past District Grand Warden of the District Grand Lodge, Canterbury. 

He passed away at the Masonic Hospital, Fulham, on 29th May, 1934, aged 64. 


A. 





MORRIS BROAD FOWLER. 
1870—1934. 


Morris Broap FowLer was born on July 19th, 1870. He was the elder son of George 
Cupit Fowler, a wax-refiner and night-light manufacturer whose business entailed several 
changes of residence with consequent changes of school for his children. After leaving 
school, Morris Fowler matriculated at London University, studying chemistry and attending 
classes at the Royal School of Mines, South Kensington. 

For some years he assisted his father in work on a patented process for making night- 
lights. During this period, in 1898, he married Miss Geertruida Eduarda Verkade, daughter 
of Ericus Gerhardus Verkade, an oil refiner of Amsterdam. Their three daughters survive 
him. 
In 1900 Fowler joined the firm of Capper Pass & Son, Tin and Lead Smelters of Bristol, 
with whom and their successors, Capper Pass & Son, Ltd., he remained for the rest of his 
life. His powers of organisation and his appreciation of the possibilities of new develop- 
ments in engineering and metallurgy proved of great value to his firm, of which he became 
Works Manager in 1906 and a Director in 1917. 

Fowler’s temperament and training were such as to fit him eminently for the position he 
filled. Not only was he himself a master of experimental technique, but he was always 
ready to encourage and help others, whether engaged in the investigation of scientific 
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problems or in the application of scientific discoveries and principles to industrial processes. 
Fairness, sympathy and devotion to duty endeared him to his co-directors, staff and work 
people alike, and he will also be remembered with respect and gratitude by many members 
of the printing trade for his dissemination of metallurgical knowledge in relation to the alloys 
used as type-metals. His lectures and booklets for printers did much to abolish mystery 
and rule-of-thumb methods from the type-casting shops of the world. 

The exigencies of a strenuous business life did not leave much time for social activities 
or such public work as brings fame, though in early life he achieved great success as an 
amateur racing cyclist. In 1892 he was the first man in England to beat Zimmerman, the 
famous American champion, and among other records, in 1894 he created a world’s record 
by doing 180 miles in under 12 hours. In later life he kept himself fit by strenuous work in 
his garden and woods, which were to him a continual source of pleasure, while a love of music 
and the hobbies of photography and radio-reception gave him recreations well suited to his 
somewhat retiring disposition. He could not claim a large circle of acquaintances, but his 
was the happier lot of making lasting and devoted friendships. Those of us who had the 
privilege of knowing him intimately and working with him are all poorer for his loss, but far 
richer for the long years of our happy association together. He died on February 8th, 1934. 

P. G. J. GUETERBOCK. 





GEORGE FRY. 
1843—1934. 


GEORGE Fry—who died at his home at Berwick-on-Tweed on June 29th at the age of 
92—though known to comparatively few, was in several respects a remarkable man. 
He was born at Arundel (Sussex) in 1843, the son of a timber merchant there, the first to 
take up the importing of wood in sailing ships which came up the river Arun. 

Fry himself passed to London, becoming agent for Swedish and Russian owners of 
forests, and was at one time the delegate of the London Timber Trade to the London 


Chamber of Commerce. Asa business man he was very successful, and he was also a good 
linguist. But his real interest was in science and, though he had had no regular training in 
chemistry and was neither a College nor a University man, he showed a decided leaning to 
research in chemical, botanical, and other directions. Although purely self-taught, he 
became a well-read man, able to speak on a wide range of scientific subiects and carry out 
experimental enquiry in his own somewhat isolated sphere. In his business he introduced 
the Ekman-—Fry process, one of the earliest processes for the treatment of wood-pulp for 
paper-making. 

Taking up farming, largely as a recreation, at Chobham (Surrey), he became known, 
about 1882, as the introducer of the system of “‘ sweet silage,”’ in contradistinction to the 
“sour silage’ produced by the rapid filling of silos with fresh grass, etc., and the immediate 
application of pressure to the mass. Fry drew attention to the fact that, if the green food 
was inserted in smaller lots and allowed to heat to 125—150° F. before pressure was applied, 
it passed through a different fermentation which produced a silage almost free from acidity 
and possessing a sweet aromatic flavour. The late Dr. Voelcker, in writing of Fry’s work 
(Journal of the Royal Agricultural Society of England, 1884), describes his experiments as 
“ being the first accurate observations of the changes which grass and similar green produce 
undergo under the influence of temperature.” 

Leaving the south shortly afterwards, Fry became Managing Director of the firm of 
Allan Bros., Ltd., the well-known timber merchants of Berwick-on-Tweed. Here his zeal 
for investigation asserted itself and he applied it to the building and ventilation—on his 
own principles—of his house, attached to which, on the sloping banks of the Tweed, was a 
rock garden of more than ordinary horticultural interest. 

Being attached to music, and himself a good violinist, Fry devoted much enquiry to the 
composition of the varnishes used for the instruments of Stradivari and other famous makers. 
The account of his researches on this subject, in which he dealt extensively with the chemical 
composition and properties of varnishes, old and new, and with their influence on tone, is 
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embraced in his book entitled “‘ Italian Varnishes ” (Stevens & Sons, Ltd., London, 1904). 
All this work was carried out in the laboratory in his own house, where he worked unaided 
and, indeed, but little noticed by those around him. Fry was, however, to those who knew 
him, a most interesting man to meet and his conversation showed the thorough grip he 
had obtained of the principles underlying several different branches of science. After 
retiring from business, he lived a very secluded life, but was interested in scientific enquiry 
until quite near the close of his days, he suffering only from deafness. 
He became a Fellow of the Chemical Society in 1904. 
J. A. VOELCKER. 





GEORGE GRAY. 
1848—1934. 


GEORGE GRAY, for 32 years lecturer on Agricultural Chemistry at Canterbury Agricultural 
College, Lincoln, New Zealand, died on February 23rd, 1934, at his New Zealand home, in 
his 85th year. 

Gray was born in 1848 near Southampton, where he afterwards became teacher of 
chemistry at the Hartley Institution (now Hartley College). He held this position until 
1874 and was then selected as assistant to Professor Bickerton, who was about to leave 
England to become first Professor of Chemistry and Physics at Canterbury College, Christ- 
church, New Zealand. At this College Gray stayed from 1874 to 1883, when he was 
appointed to his position at Lincoln, which he held until his retirement in 1915. From 
that date until his death he lived quietly in the village of Lincoln (N.Z.) 

Gray took little part in public life, but was secretary of the Canterbury (N.Z.) Philosophi- 
cal Institute from 1881 to 1883. His scientific writings were chiefly concerned with the 
analyses of rain water, carried on for a number of years. He also wrote on the analyses of 
stock foods and manures and especially on the reactions between superphosphate and lime. 

He was of a quiet and retiring disposition, an exceedingly conscientious worker, and 


a loyal and disinterested friend. 
H. G. DENHAM. 





JOHN HAWORTH. 
1869—1934, 


Joun Hawortu was born at Mirfield, Yorkshire, in 1869, and died suddenly at his home, 
Grove Road, Sheffield, on 20th January, 1934. Haworth received his early education at 
Mirfield Grammar School, and at the age of sixteen he became a junior assistant to Mr. 
Frank Scudder, who was at that time Chemist and Works Manager to the Whitwood 
Chemical Company, Normanton. Towards the end of 1887, Scudder returned to Manchester 
as a consulting chemist, taking Haworth with him as his private assistant. While at 
Manchester, Haworth availed himself of opportunities of studying chemistry at Owen's 
College under the late Sir Henry Roscoe, but it was the training and experience obtained in 
Scudder’s laboratory which developed in Haworth that keen interest in the chemistry and 
biology of the purification of sewage, water and trades waste which he put to such good 
service in later years. 

In 1892, Haworth went to Tiverton as science master at Blundell’s School, and the 
following year he was appointed public analyst to the Borough of Tiverton. 

In 1899 he was appointed chemist at the Sheffield sewage works, when the Corporation 
were considering the adoption of Dibdin’s contact-bed system of sewage purification. He 
was responsible, with the then City Engineer, for the design and construction of the neces- 
sary works. In 1914, Haworth was made directly responsible for the sewage purification 
of the city, being appointed general manager of the department and chemist to the Cor- 
poration. In the latter respect he was Water Examiner, while his training as a public 
analyst enabled him to undertake the testing of a great variety of materials used by other 
departments of the Corporation. 

Faced with the necessity for improving the Sheffield main sewage works, owing to the 
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greatly increased volume of sewage and the more exacting requirements of the rivers 
authority, Haworth turned his whole attention to evolving a more intensified process of 
biological oxidation. The war years were spent in patient study and experiments in 
several directions. His first efforts were directed towards increasing the efficiency of con- 
tact beds and percolating filters by forced aeration, but, although he met with considerable 
success, he was led to commence investigations on quite different lines. In this decision, 
Haworth was no doubt influenced by the work of Fowler and his collaborators at Manchester, 
on the purification of sewage by aeration without the use of biological filters. He conceived 
the idea that it ought to be possible in sewage purification to reproduce conditions similar 
to those natural or self-purification processes which occur in streams not polluted beyond 
their power of recovery. His main contention was that, as streams derive the oxygen 
necessary for their self-purification from the atmosphere by solution at a continually 
changing interface, it should be possible to construct a kind of artificial stream with mechani- 
cal means for ensuring a sufficiently lengthy and turbulent flow to enable enough atmos- 
pheric oxygen to be dissolved for effecting the biological purification of a continuous and 
controlled flow of sewage liquid through the system. How this pioneer work proceeded 
from small-scale experiments to the complete reconstruction of the Sheffield sewage works, 
now dealing successfully with a dry-weather flow of twenty million gallons of sewage daily, 
has been faithfully and modestly described by him in papers published in various scientific 
and technical journals. Haworth’s process, to which he gave the name “ bio-aeration,” 
has since been adopted at a number of towns in this country, and in some places abroad. 

It is typical of Haworth that he refused to consider patent rights in connexion with 
his bio-aeration process. He took the view that, as a municipal servant, the benefits of 
any discovery he made during the course of his duties should be available for the community 
generally without restriction. 

Side by side with the reconstruction of the Sheffield main sewage works, Haworth’s 
energies were directed towards bringing all the seven works under his control into the 
highest state of efficiency. With the official opening of the last of these works recon- 
structed, in July, 1933, his great effort was brought to a successful issue. He died leaving 
his department in excellent condition, creditable both to himself and to the City of Sheffield, 
which he served so faithfully and well. 

Haworth’s valuable work for the community and his eminence in an important depart- 
ment of the public service were recognised in 1929, when he was awarded the M.B.E. 

In the particular branch of science in which he was engaged Haworth’s reputation was 
international; he was a recognised authority on all matters relating to sewage disposal 
and rivers pollution prevention. He gave valuable evidence on these matters before the 
last Royal Commission on Sewage Disposal. Frequently he had given evidence before 
Parliamentary Committees and he had served upon an Advisory Committee of the Ministry 
of Health. He was one of the representatives of the Institution of Municipal and County 
Engineers on the British Standards Institution Committee on bitumen, asphalts, tar and 
building materials, and also attended several meetings of the Sub-Committee engaged in 
the preparation of standard methods of testing aggregates for road construction. 

For three years Haworth was President of the Association of Managers of Sewage 
Disposal Works, and took a leading part in the incorporation of this Association as the 
Institute of Sewage Purification, in 1932. He was President of that Institute at the time 
of his death. 

Of John Haworth it may be said that, as a public servant, he possessed an idealistic 
conception of his duties towards the community he loved to serve. He was modest in the 
extreme; always ready to listen to appeals and willing to render what help he could to his 
fellow men; and generous in his appreciation of the work of others. He possessed a 
shrewd insight into human nature and a quiet sense of humour. He displayed almost a 
fatherly interest towards those who worked under his supervision, which won for him their 
great loyalty, respect and esteem. Haworth’s quiet nature and lovable character will 
not be forgotten by those whose good fortune it is to have known him. 

J. H. GARNER. 
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ANDREW NORMAN MELDRUM. 
1876—1934. 


ANDREW NorRMAN MELDRUM was born at Alloa on 19th March, 1876, received his early 
education at Gordon’s College, Aberdeen, proceeded to the Royal College of Science, 
London, in 1893, and gained the associateship three years later. He then entered the 
University of Aberdeen, graduated B.Sc. with first class honours (chemistry) and the 
Neill Arnott prize for experimental physics in 1899, served as research assistant to Professor 
Japp until 1902, and then became a demonstrator at Liverpool with Professor Campbell 
Brown. In 1904 he rejoined the staff at Aberdeen University, and in that year, while 
chief demonstrator, graduated D.Sc., his thesis being a first-rate monograph entitled 
““ Avogadro and Dalton: the Standing in Chemistry of their Hypotheses ” (published by 
James Thin, 1906). From this emerges evidence of a profound interest in the historical 
aspect of chemistry, coupled with an alert faculty for criticism ; these influences remaining 
through life predominant in his outlook on science and rendering his contributions to 
chemical history notably luminous and exact. In the doctorate year he joined the staff 
of Professor Wynne, Sheffield University; in 1907 became Carnegie Research Fellow at 
Manchester, and finally entered the Indian Education Service, 1912. His first appointment 
therein was the chair of chemistry at the Madhavlal Ranchodal Science Institute, Ahmedabad, 
whence he proceeded in 1918 to Bombay as professor of chemistry at the new Royal In- 
stitute of Science (University of Bombay), where he was also principal from 1925 until 
his retirement to Edinburgh in 1931. 

A survey of Professor Meldrum’s published work reveals an unusual pursuit of two 
parallel paths in chemistry, organic and historical. These held his attention permanently, 
and were complementary while distinct, each serving as an intellectual refreshment to 
the claims of the other. Viewing them in that order, it appears that his introduction to 
organic chemistry was made by Japp, whose earlier work on the ammoniacal condensation 
of ketones he continued in Aberdeen, describing the results in three collaborative papers. 
On joining W. H. Perkin in 1907, Meldrum found the Manchester laboratories actively 
occupied with synthetic work on terpenes, to which he contributed usefully by careful 
standardisation of 2-hydroxy-p-toluic acid production as a step in preparing the 1-methyl- 
cyclohexan-2-ol-4-carboxylic acid required for 1-methyl-A1-cyclohexene-4-carboxylic acid 
(Meldrum and Perkin, J., 1908, 98, 1416; 1909, 95, 1896). Concurrently he studied the 
B-lactone arising from acetone and malonic acid when condensed by acetic anhydride, 
reporting thereon in his first independent paper (J., 1908, 93, 598). 

Before he left Manchester, Meldrum’s experimental work led him to the class of sub- 
stances that retained his interest whenever facilities for their study became available. 
Liebermann and Voswinckel (Ber., 1897, 30, 688, 1733) had shown that heated cochenillic 
acid (I) yields three acids; 5-hydroxy-m-toluic, m-hydroxyuvitic («-coccinic, IT), and 
hydroxymethylphthalic ($-coccinic, III) acids. The isomeride (IV) of (II) and (III) 


CO.H CO,H CO,H 
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was designated y-coccinic acid by Meldrum, and applying to 5-methoxy-m-toluic acid 
the Fritsch method of synthesis (Annalen, 1897, 296, 358; 1898, 301, 360), in which the 
relevant aromatic acid is condensed with chloral, he produced a mixture of (ITI) and (IV) 
as methyl ethers, the preparation of 5-hydroxy-m-toluic acid itself having been previously 
studied in conjunction with his work on 2-hydroxy-#-toluic acid mentioned above. Owing 
to disruption of a carboxyl group, the methyl ether of (ITI) could not be converted into the 
parent acid; but its derivation from 6-coccinic acid was established by identification 
with the methylated product of (III) from cochenillic acid (J., 1911, 99, 1712). 
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The foregoing substantial work was marked by that careful procedure which character- 
ised Meldrum’s activities elsewhere, and the interruption it suffered in 1912 was due to his 
recognising the prior claim of administration following appointment to the new post at 
Ahmedabad, where also the laboratory facilities were then inferior to those of Bombay. 
In the latter city, however, he was able to resume its thread, assisted by some excellent 
collaborators, including R. L. Alimchandani, with whom he applied the chloral condensation 
to a varied range of aromatic acids, and thus arrived at a new synthesis of m-hydroxyuvitic 
(«-coccinic) acid (II). The product (VI) obtained by the combination of m-cresotinic 
acid methyl ether (V) with chloral was found to yield m-hydroxyuvitic acid methyl ether 
(VII) by (a) oxidation with potassium permanganate, or (b) conversion into the dibasic 


CH(OH):CCl, CO,H CH(OH):CO,H 
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acid (VIII) with baryta, followed by (1) oxidation to the keto-acid, (2) disruption of the 
carboxyl group, and (3) oxidation of the resultant aldehyde. The methyl ether (VII) 
obtained by routes a and b, when demethylated by hydrogen iodide, gave m-hydroxyuvitic 
acid (II), the «-coccinic acid found by Liebermann and Voswinckel among the products 
of heating cochenillic acid (J. Indian Chem. Soc., 1925, 2,1; 1929, 6, 253). Several other 
communications issued from the Bombay laboratory in conjunction with R. L. Alimchan- 
dani, R. C. Shah, N. W. Hervé, M. M. Patel, and Miss B. N. Katrak, supplementing the 
main line of Meldrum’s research by observations on the bromination of aromatic sulphonic 
acids and the nitration of salicylic derivatives. The considerable volume of work re- 
maining unpublished at his death, but available in thesis-form at the Bombay University 
library, included a new synthesis of cochenillic acid. 

Meldrum had opened his doctorate thesis (1904) by the following quotation from 
J. S. Mill: “ Truth on these subjects is militant and can only establish itself by means of 
conflict.’’ So closely did the author embrace this principle that in the guise of a chemical 
David he attacked several contemporary Goliaths. For the fate of these monsters the 
monograph should be consulted, when it will be found that news from the front makes 
pungent reading even thirty years after the encounter. Controversial aspects disregarded, 
the essay submits to rigid and always interesting scrutiny (1) the relation of Avogadro’s 
hypothesis to Gay-Lussac’s law, (2) molecules and atoms, (3) Dalton’s attitude thereto, 
(4) the atomic weight systems of Berzelius and of Gmelin, (5) the systems of Gerhardt and 
Laurent, and of Cannizzaro, concluding with (6) the relative standing of Dalton’s atomic 
theory and Avogadro’s hypothesis. Absorbing also is a pamphlet entitled ‘‘ The Develop- 
ment of the Atomic Theory ” printed (1920) in India, condensing matter presented to the 
Literary and Philosophical Society of Manchester during 1909—11, and criticising a 
Chemical Society presidential address : the argument is directed to showing that the work 
of Priestley and Lavoisier, preceded by that of many earlier users of the balance, was the 
logical forerunner of Dalton’s theory; and although it is not suggested that Dalton was 
already aware of William Higgins, nevertheless the doctrine of chemical combination in 
multiple proportions was actually embodied in the atomic theory published by the last- 
named in 1789. 

Smoother ground was covered by Meldrum in his later works, of which “ The Eighteenth 
Century Revolution in Science—The First Phase ”’ (1930) treats of Lavoisier’s work during 
1772—75 and is based on an intensive study of his memoirs and journals along with pub- 
lications of Bayen and of Priestley. Still happier was his contribution to the bicentenary 
commemoration of Joseph Priestley (J., 1933, 902), exhibiting Priestley’s unique addition 
to chemical knowledge and including a brief survey of the earlier pneumatists. His 
latest publications (Isis, 1933, 19, 330; 1934, 20, 396) dealt with Lavoisier’s early work, 
and it is known that he was then comprehensively re-examining the discoveries of Black. 

An estimation of Professor Meldrum’s very high character would be diminished in 
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accuracy by ignoring his interpretation of the above-quoted introduction to his doctorate 
thesis. So truth-conscious was he that a fanciful imagination might envisage him con- 
genially occupied confronting Saladin, in twelfth-century Palestine: and this tempera- 
mental quality was an obstacle to friendship in its more conventional forms. Nevertheless, 
it gave a misleading impression of his nature. My own slender association with Meldrum 
began with a few months’ companionship in 1896, and thereafter we met so seldom that by 
1922 I had overlooked his passage to India having been pre-War: consequently, his 
unaffected welcome on the morning I landed in Bombay was a happy surprise, and remains 
a cherished recollection. Even during the nine years we shared in that country our 
meetings were rare, but they sufficed to establish my profound respect for his tenacious and 
conscientious adherence to principle, and single-minded attachment to duty; linked with 
a sensitive loyalty. In the Manchester days he had begun to assemble material for a 
comprehensive history of chemistry, and it cannot be doubted that, if circumstances had 
freed him to exercise untrammelled the scholarly propensity disclosed so soon, an extra- 
ordinarily sound and critical history would have been written. He‘mistrusted other 
histories until he had checked their conclusions by reference to original sources. 

The smiles of Destiny are often sardonic, but it seems an exaggeration of mockery, 
grim and impish, to detach a heaven-directed historian five thousand miles from the re- 
quisite archives during nineteen years of his mature judgment. Had Meldrum been less 
loyal, less conscientious, this mockery would have reflected itself in the conduct of his 
duties; but the testimony of his Indian students and colleagues establishes the contrary 
beyond question, and led to the Meldrum Memorial Prize being founded at his retirement. 
He was a valued member of the Bombay University senate and syndicate, becoming 
dean of the faculty of science in 1930. The Government of India nominated him a trustee 
of the Prince of Wales Museum of Western India, and a member of the provincial council 
for agricultural research. For a time he edited the Journal of the Indian Chemical Society, 
and in 1923 he was president of the chemistry section, Indian Science Congress, meeting 
at Lucknow. His teaching methods were most thorough, and attractive to beginners, who 
were not subjected to the terror of complicated formule, and were consistently treated 
with disciplined sympathy. More mature students also benefited by his logical procedure 
in the conduct of research, which is regarded by his Indian associates as having laid the 
foundation of advanced scientific study in the Bombay Presidency. During the last two 
years of his principalship he was much occupied with the work of a committee appointed to 
organise a department of chemical technology within the university. 

Tragedy overwhelmed the last year of Meldrum’s life. The untimely death of his 
only son in 1933 was a calamity which could not be withstood, and he died on 12th March, 


1934. His widow survives him, with two daughters. 
M. O. FORSTER. 





WILLIAM F. SANDROCK. 
1909—1933. 


Witt1aM F. SANDROCK, in whom is lost a young organic chemist of high promise, was born 
in London on 25th September, 1909. After completing his general education at the Central 
Foundation School, London, he spent a year at Birkbeck College, and then entered East 
London College in 1927 as an Honours student in Chemistry, where, after a distinguished 
undergraduate career, he graduated B.Sc., London, with Ist Class Honours in 1930. Sand- 
rock then embarked on research work in the Division of Biochemistry of the London School 
of Hygiene and Tropical Medicine, and from the beginning displayed a rare aptitude for 
original work. His first problem dealt with the synthesis of hydroxy-carbonyl compounds, 
and was the subject of two communications to the Journal (1931, 2426; 1932, 1180); 
then, utilising the experience gained in this work, he proceeded to a synthetical investigation 
of the constituents of the important anthelmintic drug, Felix-mas, on which he was actively 
engaged at the onset of the illness to which he succumbed on 8th May, 1933. The results 
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of his preliminary work on the constituents of this drug have been recorded in two papers 
(J., 1933, 819, 1617). 

Although fully alive to the risk of falling a victim to the heart lesion which developed 
during his early school days, Sandrock maintained a cheerful outlook and took an active 
part in the sport and social life of his College. In addition to being a first class cricketer, 
he played association football and golf. His enthusiasm and gaiety which remained to 
support him during a long and insidious illness endeared him alike to his teachers and 
fellow students and won him many friends. 

A. ROBERTSON. 





B. D. STEELE. 


THE death occurred at Brisbane on 12th April, 1934, of Professor B. D. Steele, F.R.S. 
He was forced through ill health to relinquish active teaching in 1928 and retired from 
the Chair of Chemistry in the University of Queensland with the title of Emeritus Professor 
in 1930. 

Professor Steele was brought up in England, but came to Australia with his family in 
early youth. First qualifying as a pharmacist, he later took his Science Degree in the 
University of Melbourne. He returned to Europe in 1899 with an 1851 Exhibition Scholar- 
ship. Following this, he held posts in McGill University, Montreal, and Heriot-Watt 
College, Edinburgh. He returned to the University of Melbourne as Lecturer in Chemistry 
in 1905. In 1910 he was appointed as first holder of the Chair of Chemistry, University 
of Queensland. His scientific work in connexion with the determination of transport 
numbers of electrolytes and the electrochemistry of non-aqueous solutions was carried out 
before his return to Australia. After his return to Melbourne, he designed in conjunction 
with Kerr Grant the very sensitive micro-balance later used by Ramsay and Gray for 
determining the density of radon. The duties associated with a Chair in a New University 
left him little time for scientific work in his later life. He acted as first President of the 
Board of Faculties of the University, which was largely responsible for the organisation of 
the Institution. 

Perhaps his most valuable contribution to public welfare in Queensland was his associa- 
tion as Chairman with Government Commissions for the control of prickly pear. As a 
result of the activities of a Royal Commission, the pear which was formerly encroaching on 
hundreds of thousands of acres of good land annually is now actually being driven back- 
wards. 

During the War Professor Steele proceeded to England on leave from his University 
and entered the service of the Ministry of Munitions. He was responsible, among other 
activities, for the design and successful running of a Synthetic Phenol Factory at Ellesmere 
Port. 

L. S. BAGSTER. 





BERTRAM VINCENT STORR. 
1878—1934. 


BERTRAM VINCENT STORR, who died on 5th April, 1934, the third son of Rev. T. Storr, 
was born at Scunthorpe in Lincolnshire in 1878. He received his preparatory education at 
schools in .Tetney, Tadcaster and Malton. Winning a scholarship, he attended the Leeds 
Higher Grade School until 1895, when he entered the Yorkshire College of Victoria Univer- 
sity at Leeds. He chose chemistry as his main subject and worked under Professor A. 
Smithells. At the University he became noted for conscientious hard work and his passion 
for accuracy. Graduating with the degree of Master of Science in 1898, he was awarded 
a Priestley Research Scholarship at Mason College, Birmingham, where he worked for a 
year under Professor P. F. Frankland. His bent was towards industrial chemistry and in 
1899 he joined Mr. F. F. Renwick in the Research Laboratory of Ilford Ltd., Manufacturers 
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of Photographie Materials. The remainder of his life was spent with the same Company 
and in 1922 he became Chief Chemist in their plate factory at Ilford, a position which he 
held until 1930; he then took charge of much of the Company’s business relating to patents 
and inventions, being responsible also for scientific publications. In 1924 he was made a 
director of the Company’s Film Factory at Warley. From 1918 until 1930 he was a member 
of the Council of the British Photographic Research Association. 

It is only comparatively recently that much work on photographic research has been 
published. When Storr entered the industry, the results of research were for the most 
part kept secret; thus it is that he published very little. 

In 1918 he was associated with F. F. Renwick and H. J. Channon in a paper on the 
‘‘ Behaviour of scattering media in fully diffused light ” (Proc. Roy. Soc., 1918, A, 94, 222). 
Two further papers on ‘‘ White-light development ” and “ The photographic uses of the 
Osglim lamp ” respectively were published in his own name (Phot. J., 1921, 61, 126; 1922, 
62, 271). He patented several inventions, of which the most notable covered a very 
successful method for the recovery of silver from photographic waste. — 

His contribution to photographic science was not, however, confined to the laboratory. 
In 1916 he wrote the first of the Annual Reports on Photographic Materials published by 
the Society of Chemical Industry and continued this work for two more years. These 
admirable reports paved the way to what was, perhaps, his greatest labour in this field. 
In 1921 the Royal Photographic Society, through its Scientific and Technical Group, 
published the first number of Photographic Abstracts. This was issued quarterly, and 
Storr, for the first ten years of publication, acted as its Honorary Editor. The editorial 
work was extremely onerous and he carried it out with the same meticulous care that 
marked his other work. He once said that it absorbed about two-thirds of his leisure. 
On his retirement from the editorship in 1930 he was awarded the somewhat rare dis- 
tinction of Honorary Fellow of the Royal Photographic Society; surely few honours have 
been more thoroughly earned. 

Outside his work he was distinguished by his friendly personality and his eagerness to 
assist any who needed help. His interest in social problems was keen and for many years 
he was secretary and treasurer of a large Allotment Association. During the War he 
acted for some years as honorary radiographer in the Ilford Hospital. 

Although his early years were beset with all the difficulties caused by limited means 
and the frequent uprootings experienced by the family of a Methodist minister, yet some 
great compensating influence must have been at work within him, for in spite of these 
difficulties, he arrived at the University ‘“‘ with a good schooling,” possessing “‘ sterling 
personal characteristics which were very evident, enduring and endearing in him.’”’ Such 
is the description given by one of the University staff. Throughout his life the same 
characteristics persisted. To his widow and his two sons, to his friends and colleagues he 


leaves the memory of a gallant and high-hearted man. 
S. O. RAWLING. 





GEORGE TATE. 
1858—1933. 


THE death of Dr. George Tate, F.I.C., in his seventy-sixth year at Prenton, Birkenhead, 
on 24th November last year, removed a noble figure from the scientific life of Merseyside. 
Tate was a Southerner, and the son of Thomas Tate, a well-known educationist of his day 
and mathematics master at the National Society’s Training College, Battersea. Leaving 
his native Hastings, Tate proceeded to the City of London School, where he met W. H. 
Perkin, jun., who was a year or so younger, and then went to Germany, where he studied 
chemistry under Will at Giessen and Wislicenus at Wiirzburg, graduating at the latter 
university, the subject of his thesis being “‘ Non-symmetrical Dimethylsuccinic Acids, and 
Propyl- and isoPropyl-malonic Acids.” This represents only the moiety of his reading as 
an undergraduate, for he spread his net wide and became almost as well equipped in geology, 
mineralogy, botany and zoology, which knowledge stood him in good stead in later life. 
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On his return to England in 1881 he set up in practice in Liverpool as a consultant and, 
at the same time, devoted his leisure to conducting evening classes in chemistry in the 
then “ College of Chemistry” in Duke Street, which had originally been established by 
the late Dr. Sheridan-Muspratt, one of the founders of the Alkali industry on Merseyside. 
The college had recently been taken over by the Committee of Science, Art and Technology 
of the City Council, and so successful was Tate as a teacher that the School was moved to 
more commodious premises in Colquitt Street and ultimately established in Byrom Street 
in 1890, the Chemical Laboratories of which were conceived and designed by Tate himself 
and are a lasting memorial to him. As a result of Tate’s dual capacity as a teacher and a 
practising consultant, his students were brought into live contact with the chemical actu- 
alities of the day and district; special alloys were being introduced into the chemical 
industry for the first time, and his classes were thus fortunate in participating in elaborating 
special methods for the determination of chromium and the rarer elements such as tantalum, 
vanadium and niobium in steels and in the ore. He must have been one of the first teachers 
in this country to introduce the application of physical methods in attacking chemical 
problems generally, for the polariscope, microscope, refractometer, etc., were in daily 
common use in his laboratories. As a teacher, his wide knowledge of subjects outside 
chemistry was extraordinarily stimulating to his classes; he was a brilliant lecturer, clear 
and concise in style and very pleasant to listen to, so that his lectures and experiments 
were a delight to his audience. It is no exaggeration to state that what Roscoe achieved 
for chemistry in the Manchester district, Tate amply seconded on Merseyside. His later 
academical career may be summarised as follows: Head of the Chemistry Department of 
the Liverpool Technical School, 1890—1915, and of the like department in the Holt 
Technical College, Birkenhead, from 1893 until September, 1933, when he was.retired 
owing to failing health. He has thus been active as a practitioner and a teacher of chemistry 
for over fifty years; it is, therefore, not surprising that these busy fifty years left little 
time or opportunity for scientific communications, but the three standing in his name 
reflect the breadth of his interests: ‘‘ Estimation of minute quantities of gold’ (Chem. 
News, 1890, 61, 43, 54, 67); “‘ Fermentation of dextrose, rhamnose, and mannitol by a 
levolactic ferment ” (J., 1893, 63, 1263); ‘‘ Estimation of silicon in ferrochromium and of 
silica in chrome ore ”’ (Chem. News, 1899, 80, 235). 

Tate was a progressive member of society in aspects other than the scientific, inasmuch as 
he was an early Fellow of the Institute of Chemistry, served on the Council of that body 
from 1922 until 1925, and was active for several years on its Benevolent Fund Committee. 
These associations did not prevent him, however, from throwing himself, body and soul, 
into a newer movement in the profession of chemistry, for he was one of the founders of 
the British Association of Chemists, a valued member of the Nominations Committee of 
the latter, and one of its trustees until his death. 

His chief interests outside science were cycling and gardening, and he was justly proud 
of having covered the whole of Wales, the Midlands, and the Northern counties awheel, 
at a time when cycle touring was in its infancy; but even in this recreation he always had 
one eye cocked on the roadside for anything of a botanical or biological interest, for his one 
great passion in life was the study of fungoid growths. His most notable horticultural 
achievement was the breeding of a private strain of disease-free potatoes which, in less 
altruistic hands, would have been exploited commercially on a large scale, but, as in every- 
thing else, it was the chase and not the quarry that fascinated Tate. 

He left a widow and a married daughter, the former of whom survived him by only a 
few months. F. W. Kay. 





HENRY WHITE. 
1867—1934. 


Henry WuiTE’s interests were in industry rather than in the pursuit of pure chemistry, 
but from the time of his apprenticeship in a South Yorkshire steel works, through the 
forty-three years during which he was a Fellow of the Society, to his death he took a keen 
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interest in the development of pure chemistry and was exceedingly well informed of the 
developments that had an application to the industries in which his interests lay. 

He was born in Rotherham 67 years ago and was educated at the Dr. Cox School there. 
He served his apprenticeship at the Park Gate Iron and Steel Works under the late Colonel 
Stoddart and later joined the staff of Messrs Newham & Co., manufacturing chemists, 
of King Street, Sheffield. From there he went to Carlisle, but returned to Sheffield to 
undertake the management of Messrs W. Pickard & Co. in 1894. He developed this business, 
and when it was formed into a limited company he became its first chairman and managing 
director. This position he retained until December, 1933. When the methylated spirit 
trade of the country was brought under one management in what is now the Methylating 
Co. Ltd., Henry White became the first managing director of the new company and he 
remained a director until ill-health caused him to resign this position, also in December, 
1933. The cause of his ill-health was more serious than those who were associated with 
him in business realised and he died on 30th January, 1934. 

Those who worked with him will always remember him by two of his finest attributes— 
his capacity for business organisation and his unfailing charity. His capacity for organisa- 
tion showed itself first in the development of W. Pickard & Co. Ltd., and later in the part 
he played in the formation of the Methylating Co. Ltd., and of his charity it can be said 
that no cause which it was in his power to help appealed te him in vain and that much of 
his charity was given so quietly and so thoughtfully that few but the recipients of his 
aid knew of the help that was given. 


He is survived by a widow and two daughters. 
W. G. P. 





W. FRANK J. WOOD. 
1877—1934. 


On 26th June there passed away, at the age of 57, W. F. J. Wood, Governing Director 
of Wood Bros. Glass Co. Ltd., of Barnsley and Wombwell. 

In his youth Wood was not merely a pupil in my laboratories, but for some time a much- 
beloved member of my household; and I can testify to the high estimate of his character 
given by the vicar of Ardsley Parish Church at the funeral. 

A special course in glass analysis was destined to be of great service to his firm and to 
the country at large—Wood at a later date wrote expressing his appreciation of the value 
of the knowledge which he had thus acquired. The Great War soon revealed a shortage of 
chemical glass-ware, of which Germany had been the chief source of supply. Aided by 
his special training, Wood was soon able to supply our urgent need not merely of chemical 
glass-ware but also of optical glass. His advice was much valued at Sheffield University, 
where he became Chairman of the Glass Technology Department and a member of the 
Board of the Council of Glass Research. 

Subsequently he was the first President of the Glass Research Association of Great 
Britain, a body largely originating from his own initiative. As a tribute to his services 
to the Glass Industry he was made a C.B.E. At a much earlier period he obtained the 
B.Sc. degree (London). 

Wood did not allow his business to absorb all his energies. He was of great help to the 
sporting organisations of his district. Mr. and Mrs. Wood were the founders of the Ardsley 
Nursing Association, and were large benefactors to many local causes. 

The funeral at Ardsley was one of the largest ever known and hundreds of friends and 
workpeople were unable to gain admittance. The Barnsley Chronicle says, ‘‘ As the long 
funeral procession wound its way through Stairfoot and up Ardsley Hill, the blinds of every 
house were drawn in a silent tribute to a man they had loved and respected.” It has been 
a great source of sorrow to many that ill-health and finally death should overwhelm in 
his prime so estimable and lovable a character. 


Wood leaves a widow, two sons, and two daughters. 
: F. W. RICHARDSON 
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319. The Synthesis of 5-Hydroxyflavone. 


By SHIGEHIKO SUGASAWA. 


5-HYDROXYFLAVONE (I) has been prepared by the general method of Allan and Robinson 
(J., 1924, 125, 2192; 1925, 127, 181, et seq.) from 2 : 6-dihydroxyacetophenone (II), which 
is a possible intermediate in the synthesis of primetin (Sugasawa, J., 1933, 1621). The 
hydroxy-ketone (II) was prepared (i) by demethylation of 2 : 6-dimethoxyacetophenone 
(III), itself obtained from 2: 6-dimethoxybenzonitrile and methylmagnesium iodide 
(Mauthner, J. pr. Chem., 1934, 139, 290), and (ii) more conveniently by Limaye’s process 
(Ber., 1934, 67, 12) from 4-methylumbelliferone acetate via 8-acetyl-4-methylumbelliferone. 
Fusion of 2 : 6-dihydroxyacetophenone with benzoic anhydride and sodium benzoate at 
205—210° gave mainly 5-hydroxy-3-benzoylflavone (IV), but fusion at 180—190° gave a small 
yield of 5-hydroxyflavone, which was purified through its acetyl derivative. 
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EXPERIMENTAL. 


2: 6-Dimethoxyacetophenone (III).—2: 6-Dimethoxybenzonitrile (10 g.) in pure anisole 
(100 c.c.) was added with continuous shaking to the Grignard reagent prepared from 10 g. of 
methyl iodide, 2 g. of magnesium, and 100 c.c. of pure ether. The product was treated accord- 
ing to Robertson’s method (J., 1933, 1164), but the addition of xylene was unnecessary. The 
crude ketone (6—6-5 g.), on distillation, afforded 5—5-5 g. of pure substance, b. p. 135—136° /2 
mm., m. p. 68—69°; colourless needles from ethyl acetate—light petroleum, m. p. 68—69° 
(Found : C, 66-4; H, 6-5. Calc. for C,gH,,0,: C, 66-7; H, 6-7%). 

2: 6-Dihydroxyacetophenone (II).—(i) The foregoing ketone (10 g.), aluminium chloride 
(15 g.), and dry toluene (5 c.c.) were heated at 120° for about } hour, and afterwards treated as 
usual, 2G. of the crude hydroxy-ketone were obtained; yellow needles from hot water, m. p. 
156—157° (Mauthner, /oc. cit., obtained a better yield). 

(ii) 8-Acetyl-4-methylumbelliferone (20 g.), prepared by Limaye’s method (Ber., 1932, 65, 
375) but not purified by the semicarbazone, was boiled with aqueous sodium hydroxide (20 g. 
in 100 c.c. of water) for an hour, The dark brown solution was acidified with hydrochloric 
acid, and the yellow precipitate crystallised from hot water (charcoal); yellow needles, m. p. 
153°, sintering from about 147°; yield 11-5 g. of crude substance (Found: C, 62-8; H, 4-9. 
Calc. for C,H,O,: C, 63-2; H, 5-2%). 

When this substance was methylated with excess of methyl sulphate and alkali, a yellow 
crystalline substance was obtained, insoluble in alkali and giving no coloration with alcoholic 
ferric chloride. This was collected, dried, and distilled, b. p. 135—136°/2 mm., and then melted 
at 68—69° alone or admixed with 2 : 6-dimethoxyacetophenone (Found: C, 67-0; H, 6-7%). 

5-Hydroxyflavone (I).—An intimate mixture of 2 : 6-dihydroxyacetophenone (2 g.), sodium 
benzoate (5 g.),and benzoic anhydride (20 g.) was heated (oil-bath at 180—190°) for 5 hours. 
Alcohol (80 c.c.) was added, and the whole was refluxed for 2 hours; then a solution of potassium 
hydroxide (15 g.) in water (20 c.c.) was added and the mixture was boiled for 30 minutes, and 
then evaporated under diminished pressure. Addition of water to the residue caused turbidity, 
from which a yellow amorphous substance was deposited after some time (0-5 g.); this was 
boiled with acetic anhydride and a drop of pyridine for 1 hour, and then poured on ice. The 
white amorphous solid (0-5 g.) was crystallised from alcohol and then from ethyl acetate, 5- 
acetoxyflavone being obtained as colourless, long, hairy needles, m. p. 145° (Found: C, 73-2; 
H, 4-5. C,,H,,0, requires C, 72-9; H, 4-3%). 

The acetate, on hydrolysis by alcoholic potash (2%), afforded a yellow solid, which was 
crystallised from alcohol, and then, for analysis, from ethyl acetate; long, thin, yellow needles, 
m. p. 156—157°, giving a dark purple coloration with ferric chloride (Found: * C, 75-6; H, 
4:4. C,H, O, requires C, 75-6; H, 4-2%). 

5 * Microanalysis by Mr. Kasahara. 
E 
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In an attempt to improve the yield, the fusion was carried out at 205—210° for 5 hours; 
but after being worked up as before, the product gave mainly 3-benzoyl-5-acetoxyflavone, which 
crystallised from much ethyl acetate as colourless, microscopic prisms, m. p. 189—190° (Found : 
C, 74:8; H, 4-4. C,,H,,O, requires C, 75-0; H, 4:2%). On hydrolysis, this gave 5-hydroxy- 
3-benzoylflavone (IV), long yellow pillars from ethyl acetate, m. p. 173—174° (Found : C, 76-7; 
H, 4-4. C,,H,,O, requires C, 77-2; H, 4:1%). 


PHARMACEUTICAL INSTITUTE, IMPERIAL UNIVERSITY, 


Tokyo, JAPAN. [Received, June 28th, 1934.) 












320. Kationoid Reactivity of Aromatic Compounds. Part II. The 
Action of Potassium Cyanide on 1-Nitroso-2-naphthol and 1-Benzene- 
azo-2-naphthol. 


By W. BRADLEY and ROBERT ROBINSON. 


In Part I (J., 1932, 1254) we discussed the general plan and theoretical basis of this investi- 
gation, and the present section extends analogies in reactivity existing between quinones 
and nitrosophenols, and o-hydroxyazo-compounds. 

From the fact that sodium hydrogen sulphite converts many quinones into sulphonic 
acids of the related quinols, combined with the occurrence of a similar reaction with 
l1-nitroso-2-naphthol, we concluded that the behaviour of the latter substance towards 
other anionoid agents should be of interest. 

As the typical anionoid reagent we selected potassium cyanide and found that 1-nitroso- 
2-naphthol (as 6-naphthaquinoneoxime) reacts with this salt in aqueous solution at 80—90° 
with formation of 1l-amino-2-hydroxy-4-cyanonaphthalene (I), a substance which shows 
some unexpected properties. For example, we have not yet been able to diazotise the base. 
Nevertheless, the constitution follows from its transformations; it yields a irimethyl 
derivative, C,gH;(CN)(OMe)(NMe,) (II), which can be hydrolysed to an amide, 
C,9H;(CO-NH,)(OMe)(NMe,) (ITI). Further, on oxidation with chromic acid, 4-cyano-$- 
naphthaquinone (IV) is produced; this may be reduced to a quinol and then methylated 
and hydrolysed to 3 : 4-dimethoxy-1-naphthoic acid, C4gH;(OMe).°CO,H (V). The acetyl- 
ation of (I) furnishes a triacetyl derivative, C,g)H;(CN)(OAc)(NAc,) (VI), which loses two 
acetyl groups on gentle hydrolysis by means of alkalis. The methyl ether of the product 
(VI1) could be independently synthesised by the method schematically illustrated below, 
and by hydrolysis, followed by oxidation with chromic acid, it yielded 2-methoxy-1 : 4- 
naphthaquinone. This quinone was also obtained by the oxidation of the acetamido- 
methoxyaminonaphthalene figured below. 
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If, as many chemists believe, benzeneazo-2-naphthol possesses the hydrazone structure, 
its reactions should simulate those of nitroso-2-naphthol ($-naphthaquinoneoxime). 
Actually the formation of the aminohydroxycyanonaphthalene (I) from benzeneazo-2- 
naphthol and sulphobenzeneazo-2-naphthol by the action of potassium cyanide is a 
very smooth process. 
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In this, as in all similar cases, we regard the reaction as essentially the addition of 
cyanidion to the katio-enoid system of the azo-compound in its quinonehydrazone modi- 
fication ; the subsequent stages are probably very complex. The by-products in the fission 
of benzeneazo-2-naphthol include aniline and a complex phenolic substance of undetermined 
constitution. The analytical results for this product agree best with the formula 
Csg3H20,N,, but this is improbable, as it involves loss of a carbon atom from 2C,,H,,ON, 
and 2HCN required to give Ng. A more probable formula is C,,H,,;0,N3, which represents 
a cyano-derivative of benzeneazonaphthol + H,O. The action of potassium cyanide on 
other azo-compounds may be summarised, but the work is not ripe for communication in 
detail. Reaction occurs in the following cases : 1-benzeneazo-2-naphthol-6 : 8-disulphonic 
acid; 1-benzeneazo-2-naphthol-6-sulphonic acid; -sulphobenzeneazo-2-naphthol-3-carb- 
oxylic acid; -sulphobenzeneazo-2-naphthol-3-carboxyanilide; 4-benzeneazo-l-naphthol 
(with formation, apparently, of an isomeride of I). There was no reaction in the 
following instances when the azo-compound was boiled during 20—30 hours in aqueous 
alcoholic suspension with potassium cyanide: 1-benzeneazo-2-naphthylamine; #-amino- 
azobenzene ; benzeneazo-f-cresol; benzeneazo-f-hydroxydiphenyl. In other instances the 
reaction proceeds slowly on account of the sparing solubility of the azo-compound in aqueous 
potassium cyanide solution and examples are: o-carboxybenzeneazo-2-naphthol and 
1-benzeneazo-2-naphthol-3-carboxylic acid. 

The interaction of 1-nitroso-2-naphthol and #-toluenesulphinic acid furnishes a sulphone 
sulphonate, C,>H;(SO.°C,H,)(O-SO,°C,H,)(NH,)(4: 2:1) (VIII), the constitution resting 
on the analytical results and the ready hydrolysis of the substance with formation of a 
compound capable of triacetylation to C,gH;(SO.°C;H,)(OAc)(NAc,) (IX). The position 
of the #-tolylsulphone group is indicated by analogy, and the hydrolysable sulphonyl 
residue is unlikely to be attached to nitrogen. 


EXPERIMENTAL. 


1-A mino-2-hydroxy-4-cyanonaphthalene (I).—(A) From 1-nitroso-2-naphthol. The crude 
1-nitroso-2-naphthol obtained from @-naphthol (100 g.) (Lagodzinski and Hardine, Ber., 1894, 
27, 3076) was collected, washed, and suspended in water (1000 c.c.); a solution of potassium 
cyanide (300 g.) in water (800 c.c.) was added, and the mixture maintained at 80—90° during 
1—1} hours. The nitrosonaphthol passed into a clear brownish-yellow solution, from which 
ammonia was evolved, and the cooled filtered liquid was acidified with concentrated hydro- 
chloric acid (300 c.c.). The light brown, crystalline precipitate was collected and washed 
(yield, 88 g.; m. p. 180—185°). Purification of this product could be effected by extraction with 
hot water, but much of the material was converted into a black insoluble mass. The pale 
yellow, aqueous extract afforded, on cooling, a white crystalline precipitate of almost pure 
l-amino-2-hydroxy-4-cyanonaphthalene, m. p. 195—200°. A more satisfactory procedure was 
to extract the dry crude product with ether in a Soxhlet apparatus; a portion dissolved easily 
and the ethereal solution, treated with dry hydrogen chloride, furnished a grey crystalline 
precipitate of the hydrochloride of the base; this was collected and washed with ether (yield, 
50 g.). The free base resulted by trituration of the hydrochloride with water. No homo- 
geneous material could be obtained by recrystallisation of the portion of the product that was 
sparingly soluble in ether, but on acetylation a variable amount of the triacetyl derivative of 
l-amino-2-hydroxy-4-cyanonaphthalene was obtained. 

1-A mino-2-hydroxy-4-cyanonaphthalene crystallised from water and then from benzene or 
alcohol in colourless slender prisms, m. p. 200—201° (decomp.) (Found: C, 72-0; H, 4-4; N, 
15-2. C,,H,ON, requires C, 71-7; H, 4-4; N, 15-2%). Exposed to air, the base slowly de- 
veloped a bluish-green colour. It was sparingly soluble in water to a colourless solution, from 
which a green insoluble substance separated after heating for some time. It was easily soluble 
in alcohol and ether to solutions which exhibited a strong bluish fluorescence. It dissolved in 
dilute aqueous sodium hydroxide to a yellow solution, and this developed a greenish fluorescence 
on addition of alcohol. The base was insoluble in hydrochloric acid of any concentration, 
and the hydrochloride prepared from a solution of the base in ether was instantly hydrolysed in 
contact with water. The alcoholic solution became green on addition of a trace of aqueous 
ferric chloride, but the colour changed to yellow with excess of the reagent. The base reduced 
hot Fehling’s solution. 
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Diazotisation was not effected when a concentrated aqueous solution of sodium nitrite was 
added gradually to one of the base in concentrated sulphuric acid at — 10° to — 5°. The 
product separated as an orange-yellow solid on dilution with water and this could not be coupled 
with resorcinol in alkaline solution. The base was recovered unchanged after being stirred 
with an acidified solution of copper sulphate and sodium nitrite (compare the method for the 
diazotisation of 1-amino-2-naphthol-4-sulphonic acid, D.R.-P., 171024, Frdl. 8, 640). Attempts 
to hydrolyse the nitrile to 4-amino-3-hydroxy-l-naphthoic acid were unsuccessful. (a) 
Aminohydroxynaphthonitrile hydrochloride (1 g.) was boiled with water (3-3 g.) and concen- 
trated sulphuric acid (6-6 g.) during 7 hours. The product was a dark violet phenolic mass. 
According to Friedlander and Weisberg (Ber., 1895, 28, 1839), 4-amino-l-naphthoic acid is 
easily decomposed into a-naphthylamine and carbon dioxide by heating with acids. (b) The 
hydrochloride (1 g.) was boiled with potassium hydroxide (5 g.) in water (20 c.c.) in a current of 
nitrogen during 16hours. The clear solution was cooled, diluted, and acidified, and the crystal- 
line yellow precipitate collected; this was easily soluble in aqueous potassium bicarbonate, 
but it was not found possible to purify the product. We recognise that the properties of the 
aminohydroxycyanonaphthalene are abnormal, but we cannot devise any explanation of the 
facts other than that put forward in the text. 

(B) From 1-benzeneazo-2-naphthol. A solution of potassium cyanide (100 g.) in water 
(250 c.c.) was added to one of 1-benzeneazo-2-naphthol (50 g.) in alcohol (500 c.c.). The deep 
orange solution of the azo-compound became dark red, but the colour slowly changed on boiling 
and finally became intense yellow after 90 hours. The alcohol was removed as completely as 
possible under reduced pressure and the residue was extracted with ether; the ethereal solution, 
dried and evaporated, afforded aniline (8-4 g.). The aqueous layer was filtered from insoluble 
material (R, 8 g.) and acidified. The yellow precipitate (yield, 25-5 g.; m. p. 174—176°) 
crystallised from benzene in thin colourless prisms, m. p. 200—201°, identical with the base 
obtained asin (A). The yellow insoluble residue (R) was washed with aqueous sodium hydroxide 
(it is the sodium salt of a quasi-acidic substance) and then with hydrochloric acid (10%), be- 
coming orange. The substance crystallised from acetic acid in brownish-yellow needles, 
m. p. 235° (decomp.) (Found: C, 69-9, 69-9; H, 3-9, 4-0; N, 14-8, 14-8. C,,H,,O,N, requires 
C, 69-3; H, 3-8; N, 14:5. C,,H,,O,N, requires C, 70-6; H, 4:0; N, 15-2. C,,H,,0,N; 
requires C, 70-1; H, 4-5; N, 14-4. C,,H,,O,N, requires C, 69-9; H, 3-9; N, 14:8%). The 
substance is very sparingly soluble in hot dilute sodium hydroxide to a yellow solution; it is 
insoluble in dilute acids. The solution in concentrated sulphuric acid is red. The deep yellow 
solution in acetic acid is decolorised on the addition of stannous chloride. 

A methyl ether was obtained by refluxing the sodium salt with acetone and methyl] sulphate 
in the presence of potassium carbonate. It crystallised from alcohol in red matted needles, 
m. p. 206° after sintering at 196° (decomp. at 215°) (Found: N, 13-9, 14-1, 14-1. C,,H,,0,N; 
requires N, 14-2%). This derivative is reduced with difficulty and gives no diazotisable amine 
asaresult. On the other hand the reduced solution may be oxidised to a quinone (?), a yellow 
substance which appears to form a flocculent orange 2 : 4-dinitrophenylhydrazone. 

(C) From 1-p-sulphobenzeneazo-2-naphthol. A solution of potassium cyanide (30 g.) and 
the recrystallised sodium salt of 1-p-sulphobenzeneazo-2-naphthol (10 g.) in water (120 c.c.) 
was boiled during 2 hours, then cooled, filtered, and saturated with carbon dioxide. The 
yellow crystalline precipitate (2-6 g., m. p. 194—-196°) was identical with the base obtained by 
methods (A) and (B). The yield was increased (3-3 g., m. p. 192—196°) when the reaction was 
carried out at 85—90° during 60 hours. The ériacetyl derivative formed colourless prisms, 
m. p. 164° (Found: N, 9-0. C,,H,,0O,N, requires N, 9-0%). 

1-Diacetamido-2-acetoxy-4-naphthoniirile (VI).—Aminohydroxycyanonaphthalene (3 g.) was 
added to acetic anhydride (20 c.c.) and pyridine (1 c.c.) and heated on the steam-bath during 
anhour. After a short time some crystals separated but these redissolved. The cooled solution 
was diluted with alcohol (20 c.c.) and poured into water containing hydrochloric acid (4 c.c.). 
The crystalline precipitate, washed and recrystallised from alcohol (charcoal), formed colourless 
parallelepipeds, m. p. 163—164° (Found: C, 65-9; H, 4-6; N, 9-5; M, in camphor, 330, 338. 
C,,H,,0,N, requires C, 65-8; H, 4-6; N,9-0%; M, 310). 

1-Dimethylamino-2-methoxy-4-cyanonaphthalene (II).—Aminohydroxycyanonaphthalene 
hydrochloride (15 g.), suspended in water (200 c.c.), was methylated in the cold by shaking with 
methy] sulphate (30 c.c.) and 10% aqueous sodium hydroxide (330 g.)._ The product crystallised 
and it was collected, ground with aqueous sodium hydroxide, washed, and recrystallised from 
alcohol, forming colourless plates, m. p. 93—93-5° (Found: C, 74-1; H, 6-3; N, 12-3; M, in 
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camphor, 233, 242. C,,H,,ON, requires C, 74-3; H, 6-2; N, 12-4%; M, 226), easily soluble in 
dilute hydrochloric acid and reprecipitated on the addition of alkali. 

4-Dimethylamino-3-methoxy-1-naphthoamide (I11).—(a) A solution of dimethylaminomethoxy- 
cyanonaphthalene (1 g.) in concentrated sulphuric acid (10 c.c.) was kept at room temperature 
during 14 days, then poured into water and made alkaline. The precipitate (0-9 g., m. p. 160°) 
crystallised from alcohol in colourless needles, m. p. 183°. 

(b) The nitrile (4-5 g.) was boiled for 24 hours with a solution of sodium hydroxide (15 g.) 
in water (30c.c.). The oil crystallised and the solution was then diluted, and the solid collected 
and washed (2-8 g., m. p. 130—135°). Recrystallised from water, in which it was very sparingly 
soluble, the product was obtained in colourless needles, m. p. 183°, alone or when mixed with the 
product from experiment (a) (Found: C, 68-9; H, 6-5; N, 11-5. C,,H,,O,N, requires C, 68-8; 
H, 6-6; N,11-5%). The amide was easily soluble in dilute hydrochloric acid and was reprecipit- 
ated on the addition of alkali to the solution. Boiling concentrated hydrochloric acid effected 
hydrolysis to a product which was readily soluble in dilute hydrochloric acid and in aqueous 
potassium bicarbonate and was doubtless the related naphthoic acid. 

4-Cyano-1 : 2-naphthaquinone (IV).—1-Amino-2-hydroxy-4-cyanonaphthalene (77 g., m. p. 
200—201°) was added during 1 hour to a mixture made from concentrated sulphuric acid 
(195 g.), chromium trioxide (42 g.), and ice (700 g.). After stirring for 2 hours the ochre-yellow 
product was collected, washed, and recrystallised from glacial acetic acid (charcoal) (yield, 
62 g.; m. p. 174—175°). Oxidation by means of nitric acid (compare Heller, Ber., 1912, 45, 
674) afforded a much less pure product. 

4-Cyano-1 : 2-naphthaquinone crystallises from benzene in orange prisms, m. p. 175—176° 
(Found: C, 72-3; H, 2-9; N, 7-8. C,,H,;O,N requires C, 72-1; H, 2-7; N, 7-7%), sparingly 
soluble in alcohol and glacial acetic acid ; it is insoluble in cold dilute aqueous sodium hydroxide, 
but is slowly changed by this reagent into a dark green substance, which then dissolves to a pale 
yellow solution. 

4-Cyano-1 : 2-benzphenazine separated immediately when hot solutions of 4-cyano-1 : 2- 
naphthaquinone (0-9 g.) and-o-phenylenediamine (0-6 g.) in glacial acetic acid were mixed. 
The substance crystallised from acetic acid in yellow needles, m. p. 247° (Found: N, 16-5. 
C,,;H,N; requires N, 16-5%). This derivative is very sparingly soluble in alcohol to a 
yellow solution which becomes intensely yellow on the addition of concentrated hydro- 
chloric acid, and then deep red on the introduction of zinc dust. The solution in con- 
centrated sulphuric acid is deep red. Boiling 40% aqueous sodium hydroxide solution 
effected hydrolysis to an acid, m. p. 298—301°, which separated from glacial acetic acid in deep 
yellow prisms, m. p. 305° (Found: N, 10-4. C,,H,,O,N, requires N, 10-2%). The substance 
is evidently 1 : 2-benzphenazine-4-naphthoic acid; Ullmann and Heisler (Ber., 1909, 42, 4263) 
describe the isomeric 1 : 2-benzphenazine-3-naphthoic acid as yellow needles, m. p. 275—278°. 

4-Cyano-1 : 2-dihydroxynaphthalene.—The crude quinone from aminohydroxycyanonaphth- 
alene (63 g.) was suspended in boiling alcohol (200 c.c.) and reduced by passage of sulphur 
dioxide. The colourless solution, diluted with water, afforded 4-cyano-1 : 2-dihydroxy- 
naphthalene (yield, 51 g.; m. p. 196—201°), which crystallised from alcohol in colourless slender 
rods, m. p. 210—211° (Found: C, 71-2; H, 4-0; N, 7-7. C,,H,O,N requires C, 71-3; H, 3-8; 
N, 76%). The alcoholic solution exhibits faint bluish fluorescence and the colourless solution 
becomes green on the addition of ferric chloride. Exposure to air results in the formation of a 
bluish-green substance. 

4-Cyano-1 : 2-dimethoxynaphthalene.—Methylation of cyanodihydroxynaphthalene in an 
inert atmosphere by means of methyl sulphate and aqueous sodium hydroxide gave a product 
which consisted mainly of material sparingly soluble in alcohol and of m. p. >300°. 

Freshly fused potassium carbonate (40 g.) was added in 4 portions during 4 hours to a 
boiling solution of dihydroxycyanonaphthalene (27 g.) and methy] iodide (30 c.c.) in pure acetone 
(150 c.c.), and the heating continued during 2 hours. The product was isolated, by evaporating 
the solvent, dissolving the residue in ether and water, washing the ethereal solution with dilute 
aqueous sodium hydroxide and then with water, and drying and evaporating it, as a colourless 
crystalline mass (26 g.), m. p. 109°. Crystallisation from alcohol furnished faintly yellow, 
slender prisms, m. p. 110° (Found: N, 6-8. C,,H,,O,N requires N, 6-6%). 

3 : 4-Dimethoxy-1-naphthoic Acid (V).—A suspension of 4-cyano-1 : 2-dimethoxynaphthalene 
(10 g.) in water (75 c.c.) containing potassium hydroxide (25 g.) was boiled during 8 hours. A 
potassium salt separated-on cooling and this was collected and dissolved in water, and the filtered 
solution acidified. The precipitate was washed, dissolved in aqueous potassium bicarbonate, 
and recovered from the filtered solution by acidification (yield, 4-3 g.). 
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3 : 4-Dimethoxy-1-naphthoic acid crystallised from aqueous alcohol in plates, m. p. 161—161-5 
(Found: C, 67-1; H, 5-3; equiv., 235. C,,H,,O, requires C, 67-2; H, 5-2%; equiv., 232). 

1-A cetamido-2-hydroxy-4-cyanonaphthalene.—1-Diacetamido-2-acetoxy-4-cyanonaphthalene 
(37 g.) was added to a hot solution of potassium hydroxide (17 g.) in water (250 c.c.), and the deep 
yellow liquid filtered after 5 minutes from unchanged material, which was then further heated 
on the steam-bath with potassium hydroxide (5 g.) in water (100 c.c.) until completely dissolved. 
The united alkaline solutions were acidified and crystallisation of the product from alcohol 
gave 22-2 g. of material, m. p. 224°, and 8-9 g., m. p. 204—205°. 

1-A cetamido-2-hydroxy-4-cyanonaphthalene forms colourless prisms, m. p. 224° (Found: 
N, 12-4. C,,;H,)90,N, requires N, 12-4%). The potassium salt is easily soluble and the sodium 
salt more sparingly soluble in water. Oxidation by means of alkaline permanganate afforded 
phthalic acid. 

1-A cetamido-2-methoxy-4-cyanonaphthalene (VII).—(A) A solution of the above naphthol 
(4:5 g.) and methyl iodide (5 g.), along with freshly ignited potassium carbonate (4-5 g.), in 
acetone (40 c.c.) was refluxed for 2 hours. The initial solution of the potassium salt changed to 
a colourless suspension of the methyl ether. Water was added, and the product collected 
(yield, 4-3 g.) and crystallised from alcohol, forming colourless needles, m. p. 275° (Found : 
C, 70-1; H, 5-1; N, 11-8. C,,H,,0,N, requires C, 70-0; H, 5-0; N, 11-7%). The following 
sections lead to an independent synthesis of this substance. 

1-A mino-2-methoxynaphthalene.—Concentrated hydrochloric acid (700 c.c.) was added to 
a boiling suspension of 1-nitro-2-methoxynaphthalene (90 g.) in alcohol (700 c.c.) and zinc 
dust (200 g.) was then gradually introduced during 15 minutes. The colourless filtered solution, 
mixed with concentrated hydrochloric acid (700 c.c.), afforded after 2 hours a precipitate of 
the amine hydrochloride (83 g.), from which the free base was liberated. 

1-Amino-2-methoxynaphthalene crystallises from methyl alcohol in colourless prisms, 
m. p. 55° (Schroeter, A nnalen, 1912, 426, 137, gives m. p. 54°; Davis, Chem. News, 1896, 74, 302, 
m. p. 84°) (Found: N, 8-0. Calc. forC,,H,,ON: N,8-1%). Theacetyl derivative crystallised 
when acetic anhydride (27 g.) was added to a solution of the base (41 g.) in benzene (120 c.c.) ; 
m. p. 178—179° (yield, 47-5 g.) (Davis, Joc. cit., gives m. p. 175°) (Found: N, 6-7. Calc. for 
C,,;H,,;0,N: N, 6-5%). The preparation of l-amino-2-ethoxynaphthalene by an almost identical 
method was described by Paul (Z. angew. Chem., 1896, 10, 621), but this paper contains no 
record of the analysis of the methoxy- or ethoxy-naphthylamine and no melting points are cited. 

4-Nitro-1-acetamido-2-methoxynaphthalene.—Nitric acid (11 c.c., d 1-42) was added during 1 
hour to a stirred suspension of the above acetyl derivative (32 g.) in acetic acid (64 c.c.) below 
5°. After 3 hours water was added and the granular precipitate was collected, washed, and 
crystallised from alcohol, in which it was very sparingly soluble (yield, 7-6 g.; m. p. 249—251°). 

4-Nitro-1-acetamido-2-methoxynaphthalene crystallises from alcohol in pale yellow prisms, 
m. p. 251° (Found : C, 60-2; H, 4-7; N, 11-0. C,,;H,,0,N, requires C, 60-0; H, 4-6; N, 10-8%). 

1-A cetamido-4-amino-2-methoxynaphthalene.—Attempts to reduce the nitro-compound by 
means of zinc and hydrochloric acid or by means of sodium sulphide were fruitless. 

Sodium hydrosulphite (30 g.) was stirred into a boiling suspension of 1-acetamido-2-methoxy- 
4-nitronaphthalene (12 g.) in water (65 g.). The yellow colour was rapidly discharged and after 
10 minutes ice and aqueous ammonia (80 c.c., d 0-88) were added. The granular product was 
collected after 2 hours, washed with water (yield, 3-1 g.; m. p. 185—190°), and crystallised 
from alcohol, forming colourless flat prisms, m. p. 196° (Found: C, 67-5; H, 6-3; N, 12-2. 
C,3;H,,0,N, requires C, 67-8; H, 6-1; N, 12-2%). A violet-red insoluble azo-compound 
resulted when the diazotised base was coupled with B-naphthol. Oxidation with alkaline 
potassium permanganate afforded phthalic acid, m. p. 213° alone or when mixed with an 
authentic specimen. 

1-A cetamido-2-methoxy-4-cyanonaphthalene (VII).—(B) Concentrated hydrochloric acid 
(1-5 c.c.) was added to a stirred suspension of the preceding base (1-15 g.) in water (10 c.c.) and 
the temperature was maintained at 0° by addition of ice while aqueous sodium nitrite (2-5 c.c. 
of 2N) was added through a capillary during 5 minutes. The resulting clear solution was kept 
for 10 mirfutes and then added portionwise to an alkaline potassium nickel cyanide solution 
[nickel nitrate (7-3 g.) in water (10 c.c.) was mixed with a solution of potassium cyanide (8-3 g.) 
and sodium hydroxide (2-0 g.) in water (25 c.c.) and 10% aqueous sodium hydroxide added to 
the filtered solution (compare McRae, J. Amer. Chem. Soc., 1930, 52, 4550)]. The almost 
colourless solid was collected, washed with water, and crystallised from alcohol, forming colour- 
less needles, m. p. 275° alone or when mixed with the material prepared by the method (A) 
above (yield, 0-8 g.) (Found: N, 11-9. C,,H,,0,N, requires N, 11-7%). 
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2-Methoxy-1 : 4-naphthaquinone.—(A) 1-Acetamido-4-amino-2-methoxynaphthalene (0-5 8.) 
was suspended in benzene (50 c.c.) cooled to 0° and shaken while a solution of chromium tri- 
oxide (0-6 g.) in 10% sulphuric acid (25 c.c.) was added during 10 minutes. Shaking was 
continued during 2 hours and the benzene layer was then separated, washed with water, dried, 
and evaporated. The residual solid crystallised from alcohol in pale yellow needles, m. p. 
184—185°, unchanged by admixture with the material prepared by method (B) below. A 
dilute solution in aqueous alcohol gives a flocculent orange precipitate on the addition of 2 : 4- 
dinitrophenylhydrazine hydrochloride dissolved in water. 

(B) 1-Acetamido-2-methoxy-4-cyanonaphthalene (5 g.) was mixed with alcohol (10 c.c.) 
and then boiled during 10 hours with potassium hydroxide (20 g.) and water (50 c.c.). After 
dilution with water (150 c.c.) the solution was filtered and acidified with dilute sulphuric acid, 
and chromium trioxide (10 g.) added; a dark flocculent deposit was removed by filtration. 
After a few hours a crystalline substance separated from the filtrate and this was collected, 
washed with water, and crystallised from alcohol, forming pale yellow needles, m. p. 184—185° 
(Found: C, 70-2, 70-1; H, 4-2, 4-3; MeO, 16-7. C,,H,O, requires C, 70-2; H, 4-2; 1MeO, 
16-56%). This quinone is insoluble in cold aqueous sodium carbonate and on heating it gradually 
dissolves to an orange solution; in aqueous sodium hydroxide it rapidly dissolves in the cold 
to a deep orange solution. These observations do not indicate the presence of a hydroxyl group 
but rather the ready introduction of one, possibly by hydrolysis. The orange-red solution in 
aqueous sodium hydroxide was acidified and extracted with ether; sodium carbonate then 
sufficed to extract the product from the separated ethereal solution, regenerating the orange- 
coloured sodium salt. Addition of a drop of aqueous sodium hydroxide to an alcoholic solution 
does not immediately give an orange-red solution; the colour appears in a few seconds. The 
substance sublimed readily and without decomposition when heated in a dry tube. According 
to Sachs, Berthold, and Zaar (Z. Farb. Ind., 1907, 6, 62, 81) the product of methylation of 
2-hydroxy-1 : 4-naphthaquinone, regarded as 2-methoxynaphthaquinone, has m. p. 146—147°. 
This disagreement is being investigated. 

1-A mino-2-p-toluenesulphonyloxy-4-naphthyl-p-tolylsulphone (VIII).—1-Nitroso-2-naphthol 
(10 g., 1 mol.) was added to a cold solution of p-toluenesulphinic acid (27 g., 3 mols.) in alcohol 
(50 c.c.) and the mixture was then refluxed for 1 hour. On cooling, the whole solidified to 
a crystalline mass and after keeping for 12 hours the solid was collected and crystallised from 
alcohol (70 c.c.) (yield, 13-4 g., m. p. 148—151°)., When less than 2-5 mols. of p-toluenesulphinic 
acid were used, the product was oily; but further increase in the proportion of the reagent 
influenced neither the yield nor the purity of the product. Recrystallised from alcohol (charcoal) 
it was obtained in colourless flat prisms, m. p. 151—152° (Found: C, 61-7; H, 4-6; N, 3-0; 
S, 13-8. C,,H,,0;NS, requires C, 61-6; H, 4:5; N, 3-0; S, 13-7%). The.substance was 
sparingly soluble in ether or benzene, but easily soluble in chloroform and the solution afforded 
no precipitate with dry hydrogen chloride. It was insoluble in cold dilute sodium hydroxide 
solution and in concentrated or dilute hydrochloric acid. The substance was not oxidised by 
hot Fehling’s solution. It dissolved in concentrated sulphuric acid to a blue solution and this 
on warming became green and then yellowish-green. 

1-Diacetamido-2-acetoxy-4-naphthyl-p-tolylsulphone (IX).—A solution of the condensation 
product (34 g.), described in the last section, in alcohol (100 c.c.) was mixed with one of potassium 
hydroxide (34 g.) in water (340 c.c.) and refluxed during 45 minutes. The deep yellow liquid 
was diluted with water (400 c.c.), cooled, filtered after several hours, and saturated with carbon 
dioxide. A pink solid separated (17 g., m. p. 180—183°). It became violet when heated with 
benzene or toluene and dissolved sparingly to a deep violet solution. It was very sparingly 
soluble in ether and the solution gave with dry hydrogen chloride a grey precipitate of a hydro- 
chloride. The hydrochloride (3-5 g.) was heated with acetic anhydride (20 c.c.) and pyridine 
(5 c.c.) on a boiling water-bath during 1-5 hours. The resulting solution was cooled, mixed 
with alcohol (25 c.c.), and added to water (300 c.c.) containing concentrated hydrochloric acid 
(10 c.c.). The crystalline product separated from alcohol in pink parallelepipeds, m. p. 
191—192° (Found: C, 63-0; H, 4-8; N, 2-9; S, 7-3. C,3H,,O,NS requires C, 62-8; H, 4:8; 
N, 3-2; S, 7°3%). 
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321. Strychnine and Brucine. Part XXX. Comments on a Memoir of 
M. Kotake and T. Mitsuwa. 


By RoBERT ROBINSON. 


KoTAKE and Mitsuwa (Sci. Papers Inst. Phys. Chem. Research, Komagome, Hongo, 1934, 24, 
119) have published a paper on the constitution of strychnine which calls for a reply. 
These authors accept the main features of the strychnine formula (I) advanced in the present 
series, but find a few difficulties on stereochemical grounds and make some alternative 
suggestions. 
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In the first place it seems necessary to emphasise that stereochemical restrictions 
should not be applied to betaines, the dipoles of which are not now assumed to be connected 
by ordinary valencies. This consideration neutralises the force of the chief argument of 
Kotake and Mitsuwa, and in regard to the second point mentioned by them it is not agreed, 
as they claim, that the double bond in (I) makes the formula stereochemically improbable ; 
a satisfactory model can be set up. Little weight can be attached to criticisms on such 
grounds, unsupported by chemical arguments; on the other hand the formula (II), put 
forward by Kotake and Mitsuwa, is not acceptable for more serious reasons. A considerable 
part of it is identical with (I) and naturally this part of the structure serves to illustrate 
many groups of facts in the same way as (I).- 

The definite objections to (II) appear to be the following : 

(1) On this basisno explanation of the properties and transformations of pseudostrychnine 
can be devised. This base (Warnat, Helv. Chim. Acta, 1931, 14,99; Blount and Robinson, 
J., 1932, 2305) is a hydroxystrychnine capable of reduction to strychnine and it undoubtedly 
contains the group :N(b)*C(OH)(C:)(C:), because a derivative, namely, N(b)-methylchano- 
pseudostrychnine, including the groups -N(b)Me CO(C:)(C) is a ketone, not an aldehyde, 
and also because pseudostrychnine itself cannot be oxidised to a lactam. 

The N(b) of strychnine is therefore attached to a *CH(C3)(C:) group, as in (I), and not to 
a quaternary carbon, as in (II). 

(2) Accepting our view of the methoxylating fission of quaternary salts derived from 
strychnos bases, the formula (II) fails as a basis for an explanation of the course of the oxid- 
ation of methoxymethyldihydroneostrychnine by means of perbenzoic acid (Briggs and 
Robinson, this vol., p. 590; Reynolds and Robinson, ibid., p. 592). The results of these 
investigations are furthermore irreconcilable with the view of the methoxylating fission 
and of the constitution of the meo-series of bases put forward by the Japanese authors 
[analogous to (A) below]. 

(3) The formula (IT), like the variation of (I) preferred by Professor H. Leuchs, represents 
strychnine as a dihydroindole capable of direct loss of two hydrogen atoms to give a true 
aromatic indole. There is no evidence that strychnine, or any of its numerous derivatives 
with opened ring-structures, undergoes the facile dehydrogenation required by this formul- 
ation. It seems certain that the dihydroindole structure is stabilised by’ double sub- 
stitution at the «- or 6-position of the indole nucleus. 

(4) Although the argument will not have universal appeal, some chemists, including the 
writer, would reject the formula (II) on the sole ground that it does not contain the 
tryptophan skeleton. " 
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It is encouraging to find that the most recent work in the strychnine group must be 
cited in the discussion of the relative merits of (I) and (II). 

On p. 123 of the memoir of Kotake and Mitsuwa there are some misleading statements. 
The view is attributed to the writer that the chloride derived from Tafel’s base (ethoxy- 
methyldihydroneostrychnine in our nomenclature) is produced by direct replacement of 





















































4, ethoxy] by chlorine, :NMe EtO-CH,- —-> ‘NMe CI-CH,*! Such a notion must be emphatic- 
y. ally disclaimed; the chloride in question is considered to be a quaternary ammonium 
nt salt, namely, methylneostrychninium chloride, and was always described as such. 
ve Further, Kotake and Mitsuwa state that their observations on the action of hydro- 

chloric acid on Tafel’s base do not agree with ours, but they fail to draw attention to the 

not irrelevant circumstance that the conditions of the experiments were different. 

Achmatowicz, Clemo, Perkin, and Robinson (J., 1932, 771) do not in fact describe the 

experiment of heating Tafel’s base (which is an ethoxy-derivative) with hydrochloric acid 

at all, but they state that the corresponding methoxy-compound is converted into methyl- 

neostrychninium chloride, m. p. 289—290°, by prolonged heating with concentrated hydrochloric 

acid on the steam-bath. Thusweworked with a methoxy-base, concentrated acid and a prolonged 

reaction. Normally we used 20% sulphuric acid for such processes and worked with an 

excess; €.g., 20 g. of methoxy-base and 300 c.c. of 20% sulphuric acid (Joc. cit.). The 

Japanese workers (Joc. cit., p. 129) dissolved the ethoxy-base in a little 6N-hydrochloric acid 

and evaporated the solution on the steam-bath, obtaining crystals, m. p. 265—268°. The 
- process is altogether more gentle than ours, apart from the use of the ethoxyl instead of 
ad the methoxyl derivative, which is probably not really significant. (The methyl-Tafel-base i 
of of Kotake and Mitsuwa is stated to melt at 117°, whereas pure methoxymethyldihydro- i 
d neostrychnine has m. p. 141—143°. They hydrolysed the base, m. p. 117°, to the salt, : 
e: m. p. 265°, which goes to show that the behaviour of the methoxy- and the ethoxy-base 
ch is identical.) 
ut Apparently, under these milder conditions, Kotake and Mitsuwa have simply hydrolysed 
sle the ethoxyl group and the base, m. p. 219°, obtained from the hydrochloride, m. p. 265°, 
te is probably hydroxymethyldihydroneostrychnine. It is described as soluble in water to a 

neutral solution which becomes strongly alkaline on heating. This interesting behaviour 

is clearly due to the formation of a quaternary ammonium hydroxide : 
a4 | | | | 
mn, —NMe —NMe}OH —NMe hes —NMe}OH 
wd —CH,‘OH —CH, :CH-CHO ‘CH=CH 
le, (A) 
to The Briggs—Reynolds degradation, mentioned above, excludes the alternative (A). 

A point of interest is that Kotake and Mitsuwa attribute the composition j 

ym C.9H,;0,N,C1,H,O to the salt, m. p. 265—268°, and add the statement : Ber. H,O, 4-43% 4 
‘d- (Gef. 4-33%), but they do not say at what temperature this drying was conducted, nor do 
nd they record any examination of the dried material. 
Se Hydroxymethyldihydroneostrychnine hydrochloride is already C..H,,0,N,Cl, and if it 
on loses H,O it should yield methylneostrychninium chloride, m. p. 289—290°. 
TS THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, July 30th, 1934.] 
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eS 322. Some Homologues of Resorcinol. 
“4 By RoBerT Rosinson and R. C. SHAH. 

Coyne, RaIstrick, and Ropinson (Phil. Trans., 1930, 220, 297) arrived at the conclusion 
he that a phenolic degradation product of citrinin must be 4-methyl-2-ethylresorcinol (I). 
he We have synthesised this substance, which has the expected melting point and properties 






but, mixed with a specimen of the citrinin derivative, exhibits a depressed melting point. 
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We are not, however, convinced of the authenticity of the product from natural sources * 
and must leave the question of its identity or non-identity with 4-methyl-2-ethylresorcinol 
in abeyance pending the preparation of fresh material. In the meantime we describe the 
synthesis of isomeric methylethylresorcinols as a matter of independent interest. 
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The first objective of our work was 2-ethylresorcinol and we prepared the ethyldihydro- 
resorcinol (IT) in the hope of finding a convenient route, but this substance itself was not 
sufficiently accessible for our purpose. The nuclear alkylation of resorcinol derivatives 
offered better prospects and we therefore carefully studied the necessary conditions of the 
reaction. 

The discovery of nuclear alkylation of polyhydric phenols appears to be due to Herzig 
and Zeisel (Monaish., 1888, 9, 217, 882; 1889, 10, 144; 1890, 11, 291, 311); Kauffler 
(Monatsh., 1900, 21, 993) showed that nuclear ethylation is a much less facile process than 
nuclear methylation. 

A. G. Perkin (J., 1895, 67, 900) methylated 6-resorcylic acid by means of methyl iodide 
and potassium hydroxide and obtained 2-hydroxy-4-methoxy-3-methylbenzoic acid. 
The constitution of this acid and of the nuclear-methylated pzanol obtained from res- 
acetophenone (Gregor, Monatsh., 1894, 15, 437; Wechsler, ibid., p. 239; Perkin, Joc. cit.) 
rested until recently on the production from it of 2: 6-dihydroxytoluene (Herzig and 
Wenzel, Monatsh., 1903, 24, 906) by heating the acid with hydriodic acid. It appears, 
however, that no direct comparison with an authentic specimen, for example, one synthes- 
ised by Ullmann’s method (Ber., 1884, 17, 1963), was made. 

The position has been clarified by Jones and Robertson (J., 1932, 1689), who have 
supplied an acceptable proof of the accuracy of Perkin’s original suggestion. A point 
overlooked by these authors, and one that strengthens the case, is the following. 

Jones and Robertson applied the Hoesch reaction to 2: 6-dihydroxytoluene and 
benzonitrile and obtained 2 : 4-dihydroxy-3-methylbenzophenone, m. p. 177°, which 
they methylated to obtain its monomethyl ether, m. p. 125°; the same substances, m. p. 
177° and m. p. 125°, had been already obtained by Kostanecki and Tambor (Ber., 1895, 
28, 2305) by nuclear methylation of 2 : 4-dihydroxybenzophenone. 

Perkin (/oc. cit.) had failed to ethylate the nucleus of resorcinol derivatives, obtaining 
only O-ethyl ethers, but the observations of Crabtree and Robinson on the mechanism of 
the reaction (J., 1918, 113, 868) suggested a possible line of experimental attack of the 
problem. These authors indicated that the nuclear methylation of resacetophenone is a 
reaction of alkali-metal derivatives of the ketone itself (not of pzanol, the monomethyl 
ether) and that it is favoured by an excess of alkali. Following this up, we have found 
that the optimum conditions for the nuclear methylation of resacetophenone (1 mol.) 
involve the use of potassium hydroxide (4 mols.) and methyl iodide (about 5 mols.). Along 
these lines nuclear ethylation was proved to be possible in the case of resacetophenone 
and, less readily, in that of 6-resorcylaldehyde. It occurs to a surprisingly large extent 
in the case of methyl $-resorcylate with formation of methyl 2-hydroxy-4-ethoxy-3-ethyl- 
benzoate (III) along with methyl 2: 4-diethoxybenzoate. This welcome observation 
made 2-ethylresorcinol available by the combined de-ethylating and decarboxylating action 
of hot hydriodic acid. The formation of (I) from (ITI) was accomplished by introduction 
of the formyl group by Gattermann’s method and reduction of the aldehyde by 
Clemmensen’s method, an improvement of which is mentioned on p. 1497. 

This method of nuclear alkylation, using the esters of phenolic acids, may be expected 


* The specimen had deteriorated; originally of m. p. 98—99°, it had m. p. 65—70° after the 
interval of two or three years. 
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to be of great service in synthetic work. For instance, methyl orsellinate is found to be 
directly and conveniently methylated with formation of methyl rhizonate, and an account 
of this application will be submitted later. 

Other methylethylresorcinols were much more readily synthesised. 

2-Methyl-4-ethylresorcinol (V) is obtained from resacetophenone by nuclear methylation, 
Clemmensen reduction, and demethylation. 6-Methyl-4-ethylresorcinol (VI) is obtained 
from resacetophenone by Clemmensen reduction, formylation, and a second stage of re- 
duction. 5-Methyl-4-ethylresorcinol (VII) is the reduction product of orsacetophenone. 


Me H OH 
t 


HO H HO, OH 1@: 
t Et Me Me 
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(V), (VI) and (VII) differ from the citrinin degradation product; the preparation of the 
remaining three isomerides is in progress. 


EXPERIMENTAL. 


2-Ethyldihydroresorcinol (II).—It was thought that the condensation of glutaconic ester 
with methyl ketones might give rise to 2-acylresorcinols (these are now accessible in other 
ways), but in exploratory work with acetophenone we obtained only the auto-condensation 
product of ethyl glutaconate, m. p. 95—97° (Curtis and Kenner, J., 1914, 105, 282), under all 
the conditions tested. 

We next sought a supply of y-butyrobutyric acid, hitherto obtained only by the oxidation 
of coniine (Wolffenstein, Ber., 1895, 28, 1464). 

(A) Ethyl a-acetoglutarate (139 g.) was added carefully during about 3 hours to granulated 
sodium (14 g.) in anhydrous ether (1200 c.c.). Next day u-butyryl chloride (166 g.) was slowly 
added and after 12 hours the mixture was refluxed for 10 hours. The crude ethyl a-aceto-a- 
butyroglutarate, isolated in the known manner, distilled at 180—210°/30 mm. and was 
hydrolysed as follows. The ester (75 g.) was shaken with aqueous sodium hydroxide (1500 
c.c. of 1%) for 12 hours; a part remained undissolved. Sodium hydroxide (10 g.) was added, 
and the mixture shaken for 12 hours more; the oil then dissolved completely. Still more 
sodium hydroxide (20 g.) was added and the mixture was boiled for 4 hours and then con- 
centrated on the steam-bath, acidified with hydrochloric acid, saturated with ammonium 
sulphate, and repeatedly extracted with ether. The oil (20 g.) so isolated was easily soluble in 
cold water and furnished a solid semicarbazone; it solidified in a freezing mixture but became 
liquid on attaining room temperature and was evidently a mixture of butyrobutyric acid and 
acetobutyric acid and this was confirmed by analysis of the semicarbazone, m. p. 180° (Found : 
C, 46-9; H, 7-4; N, 20-9. Calc. for C,,H,,O,N,;: C, 45-0; H, 6-9; N, 22-5. Calc. for 
C,,H,,0O,N,: C, 50-2; H, 7-9; H, 19-5%), which appears to be a constant-melting mixture of 
the semicarbazones of y-acetobutyric and y-butyrobutyric acids. 

The semicarbazone was hydrolysed by means of boiling dilute hydrochloric acid and an acid 
recovered that crystallised in a freezing mixture and liquefied again at the ordinary temperature. 

The crude acid (20 g.) mixed with absolute alcohol (40 c.c.) and sulphuric acid (2 c.c.) was 
refluxed for 6 hours. The ester was isolated by means of ether and had b. p. 95—100°/2 mm. 
(yield, 14 g., essentially consisting of ethyl butyrobutyrate). Alternative methods of hydrolysis 
of acetobutyroglutaric ester were tested but no better process could be devised. The 
reagents used were alcoholic sulphuric acid (compare Kermack and Smith, J., 1929, 814), 
ammonia in ethereal solution, and aqueous ammonia and ammonium chloride. 

An alternative synthesis of butyrobutyric acid was investigated as follows. 

(B) Ethyl C-butyrylacetoacetate was prepared according to Bouveault and Bongert (Bull. 
Soc. chim., 1902, 27, 1049) with some modifications. Butyryl chloride (36 g.) was added 
gradually to an ethereal suspension (300 c.c.) of ethyl sodioacetoacetate (from 53 g. of the 
ester and 6-9 g. of sodium). The mixture was refluxed for 10 hours, and the product isolated by 
means of ether and distilled. The first fraction, consisting mostly of unaltered ester (80—100°/15 
mm.), was rejected; the second fraction, b. p. 110—130°/15 mm. (50 g.), was a mixture of 
C-acyl and O-acyl compounds. It was shaken in ether at 0° successively with 500 c.c., 
100 c.c., and 100 c.c. of 6% potassium hydroxide solution. The alkaline extracts were mixed, 





1494 Robinson and Shah: 


ice added, and the liquid acidified with concentrated hydrochloric acid; the separated oil 
was collected by means of ether and distilled (b. p. 111—115°/20 mm.) and was almost pure 
C-butyrylacetoacetic ester (38 g.). It developed a brown coloration with alcoholic ferric chloride 
and dissolved readily in dilute aqueous sodium hydroxide. The alkali-insoluble oil (10 g.), 
recovered from ethereal solution, gave no ferric reaction. 

Ethyl C-butyrylacetoacetate was converted into ethyl butyroacetate by the action of dry 
ammonia in dry ether. 

The crude butyroacetic ester (70 g.) was added to alcoholic sodium ethoxide (from 16-5 g. 
of sodium and 275 c.c. of alcohol), ethyl §-chloropropionate (136 g.) was introduced and after 
12 hours the mixiiire was refluxed for 6 hours. The isolated oil was distilled, the middle 
fraction, b. p. 120—160°/15 mm. (45 g.), consisting of crude ethyl butyroglutarate. 

This ester (30 g.) was boiled with aqueous potassium hydroxide (15 g. in 375 c.c.) for 3 hours, 
more potassium hydroxide (8 g.) added, and boiling continued for a further 3 hours. The 
liquid was evaporated to dryness on the steam-bath, the residue dissolved in the minimum of 
water and acidified with concentrated hydrochloric acid. The acid was isolated (14 g.) and 
esterified as before. Ring closure to 2-ethyldihydroresorcinol gave no better yield than by the 
method under (A). 

(C) The cyclisation of ethyl butyrobutyrate was carried out in four ways: (1) with sodium 
ethoxide in alcoholic solution, (2) with sodium ethoxide in ethereal suspension, (3) with 
granulated sodium, and (4) with sodamide in ether. The best yield was obtained by the 
second method. To a mixture of granulated sodium (4 g.) and dry ether (about 300 c.c.), 
absolute alcohol (10 c.c.) was added gradually with cooling. When the formation of sodium 
ethoxide was completed the crude butyrobutyric ester (14 g.) was carefully added. The 
colourless sodium salt that separated was collected and triturated with dilute sulphuric acid ; 
the waxy solid (5 g.) crystallised from benzene in lustrous plates (2 g.), m. p. 175—177° (decomp.) 
(Found: C, 68-2; H, 8-5. C,H,,O, requires C, 68-6; H, 8-6%). This substance has the 
properties of its class; it is slightly soluble in cold water, freely soluble in methyl and ethyl 
alcohols, and sparingly soluble in light petroleum. 

Action of Bromine on 2-Ethyldihydroresorcinol—A number of experiments were performed 
with 1 mol., 2 mols., 3 mols. and a large excess of bromine with and without the required 
quantities of anhydrous sodium acetate. The solvents used were glacial acetic acid and 
chloroform. In all cases red tarry products were found, except in the two following examples, in 
which small quantities of well-defined substances were obtained. 

(1) A chloroformic solution of bromine in excess was added to one of ethyldihydroresorcinol 
and kept at room temperature for a few days. Most of the bromine evaporated; a viscous 
mass containing embedded crystals remained. It was washed with light petroleum and the 
solid then crystallised from the same solvent in plates, m. p. 75—77° (Found: C, 35-5; H, 3-0; 
Br, 52-7. C,H, 9O,Br, requires C, 32-4; H, 3-4; Br, 54-0%). It gave a brown coloration with 
aqueous ferric chloride. 

(2) A solution of 2-ethyldihydroresorcinol (1 mol.) in glacial acetic acid containing dissolved 
sodium acetate (3 mols.) was treated with bromine (3 mols.) and kept at room temperature for 
some days. A brown oil was isolated by means of ether and gradually solidified ; the solid was 
washed and crystallised from light petroleum in plates, m. p. 92—94° (decomp.) (Found: 
Br, 68-7. C,H,O,Br, requires Br, 63-6%). The yields of the above substances of doubtful 
nature were very low. 

Attempts to dehydrogenate ethyldihydroresorcinol by means of palladium-black under 
various conditions were unsuccessful, the dihydroresorcinol being recovered completely 
unchanged. 

Simplified Preparation of Resacetophenone.—Powdered zinc chloride (300 g.) was dissolved 
in glacial acetic acid (300 g.) by heating. Resorcinol (200 g.) was added, the mixture heated 
just to boiling ‘(about 142°), and the heating discontinued. Nencki and Sieber (J. pr. Chem., 
1881, 23, 147) poured the reaction mixture into a large volume of water and purified the impure 
resacetophenone so precipitated by crystallisation from hot dilute hydrochloric acid, but the 
process is tedious and inconvenient, as crystallisation necessitates the use of large volumes of 
dilute hydrochloric acid. A much better yield of moderately pure well-crystallised product 
can be obtained by simply diluting the reaction mixture with about 1 vol. of concentrated 
hydrochloric acid and 1 vol. of water. On keeping, the slightly orange-yellow resacetophenone 
crystallised (yield, about 260 g.; m. p. 133—140°. Nencki and Sieber report a yield of 57%). 

2-Hydroxy-4-methoxy-3-methylacetophenone.—Potassium hydroxide (70 g., 4 mols.) was 
dissolved in methyl alcohol (400 c.c.) by heating and resacetophenone (69 g.) was then added 
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and went readily into solution. The mixture was cooled in a freezing mixture, and methyl 
iodide (225 g., 5 mols.) was added all at once with shaking; if two layers separated, homo- 
geneity was restored by the addition of more methyl alcohol. The temperature was then 
gradually allowed to rise, and potassium iodide separated. Next day the mixture was refluxed 
for 3 hours, with the addition of more methyl] iodide if necessary, until a neutral reaction was 
obtained. Worked up in the known manner, the product after crystallisation from alcohol was 
obtained in plates (18 g.), m. p. 80—82° (Perkin, Joc. cit., gives m. p. 83—84°). 

6-Methoxy-3-ethyl-o-cresol.—The foregoing nuclear methylation product of resacetophenone 
(15 g.) was boiled with hydrochloric acid (120 c.c. of 15%), alcohol (40 c.c.), and amalgamated 
zinc (60 g.) for 10 hours, concentrated hydrochloric acid (20 c.c.) being added after 4 hours. 
The oil which separated was collected by means of ether; b. p. 128—131°/15 mm. (Found : 
C, 72-4; H, 8-6; MeO, 18-6. C,,H,,O, requires C, 72-3; H, 8-4; 1 MeO, 18-7%). The mobile 
oil did not give any coloration with alcoholic ferric chloride. 

The p-nitrobenzoyl derivative was prepared by shaking an ethereal solution of the phenol 
and p-nitrobenzoy] chloride with dilute aqueous sodium hydroxide; it crystallised from alcohol 
in prisms, m. p. 135—137° (Found: N, 4-6. C,,H,,0;N requires N, 4-4%). 

2-Methyl-4-ethylresorcinol (V).—The methy] ether (5 g.) was gently refluxed with concentrated 
hydrobromic acid (75 c.c., d 1-7) (oil-bath at 125—135°) for 3 hours. Excess of hydrobromic 
acid was evolved at first and then the constant-boiling mixture was produced. The mixture 
was diluted with hot water, filtered from tar, treated with a little sodium bisulphite, saturated 
with sodium chloride, and extracted with ether. The oily residue after removal of the ether 
crystallised on long keeping; it crystallised from light petroleum (b. p. 60—80°) in flat, pearly, 
lustrous needles, m. p. 88—90° (Found : C, 70-9; H, 8-0. C,H,,O, requires C, 71-1; H, 7-9%). 
The substance can be distilled under reduced pressure (15 mm.) and it does not sublime readily. 
It is slightly soluble in cold water, much more readily in hot; it is easily soluble in benzene, 
and sparingly soluble in light petroleum. The aqueous solution gives a transient blue colour 
with ferric chloride. 

The dimethyl ether was obtained from thé monomethyl ether by methylation in methyl- 
alcoholic solution by means of potassium hydroxide and methyl] sulphate in the usual manner ; 
it had b. p. 115—118°/15 mm. and was a mobile oil (Found: C, 73-4; H, 8-8; MeO, 33-1. 
C,,H,,O, requires C, 73-3; H, 8-9; 2 MeO, 34-4%). 

On oxidation of this dimethyl ether with an excess of potassium permanganate at 70—80°, an 
acid, m. p. 200—205° (efferv.), which was soluble in water and crystallised in plates, was 
obtained. 

Partial oxidation was carried out under the following conditions : 

The dimethyl ether (5 g.) was suspended in water (100 c.c.) and a solution of potassium per- 
manganate (25 g.) and potassium hydroxide (10 g.) in water (500 c.c.) was added slowly during 
3 hours at 70—80°. The isolated acidic product, which was a viscous oil, was extracted with 
boiling light petroleum (b. p. 100—120°), and the extracts, on keeping, deposited prismatic 
crystals along with some tarry matter. The substance was thrice crystallised from benzene, 
eventually forming colourless prisms, m. p. 114—120° (Found: C, 584; H, 5-6. 
C,)H,,0,,0-5H,O requires C, 58-5; H, 63%. C,H,.O, requires C, 59-3; H, 55%). This 
acid is probably 2 : 6-dimethoxy-3-ethylbenzoic acid; the alternative formulation as a derivative 
of phenylacetic acid .is much less likely to be correct. 

Ethylation of Resacetophenone.—Resacetophenone (15 g., 1 mol.) was added to a solution of 
potassium hydroxide (17 g., 4 mols.) in methyl alcohol (125 c.c.), which was cooled in ice-water, 
and ethyl iodide (80 g., ca. 5 mols.) added; the solution was then allowed to attain room 
temperature. Next day it was refluxed for 5 hours, more ethyl iodide being added, if necessary, 
until the reaction was no longer alkaline. The solvent was evaporated, and water added to the 
residue, which was extracted with ether. The ethereal extract was washed several times with 
N-sodium hydroxide until acidification of the alkaline washing gave only a turbidity, and then 
with water. The recovered oil gave a middle fraction (8 g.), b. p. 170—180°/15 mm., insoluble 
in dilute alkalis and exhibiting a reddish-violet ferric reaction in alcoholic solution (Found : 
C, 69-7; H, 7-8; EtO, 28-4. C,,H,,O, requires C, 69-2; H, 7-6; 1 EtO, 21-6; 2 EtO, 43-2%). 
This material was evidently a mixture of the O-diethyl ether and the C-ethyl O-ethyl derivative 
which are the expected products of the reaction. A solid potassium salt separates on trituration 
with 40% potassium hydroxide solution or on addition to concentrated methyl-alcoholic potash. 
The purified derivative hydrolyses in contact with water, giving an oil which is doubtless 
ir atoms lente cus but the matter was not pursued, as the yield was 
inferior, ' 
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2-H ydroxy-4-ethoxy-3-ethylbenzaldehyde.—f-Resorcylaldehyde (28 g.) was added to alcoholic 
sodium ethoxide (18 g. of sodium in 300 c.c. of alcohol) and ethyl iodide (160 g.) was introduced 
with cooling. The mixture was refluxed for 5 hours on the succeeding day and was then neutral. 
The alcohol was distilled under diminished pressure, water added, and the products isolated as 
usual. Acidification of the alkaline washings afforded a substance, m. p. 55—60°, which, 
recrystallised from light petroleum, had m. p. 58—60° (Found: C, 68-3; H, 7-4. C,,H,,0, 
requires C, 68-0; H, 7-2%), and gave a strong iron reaction. 

The alkali-insoluble fraction crystallised gradually and after washing with light petroleum 
had m. p. 68—71° and gave no coloration with ferric chloride in alcoholic solution. It was 
therefore O-diethyl-8-resorcylaldehyde (Tiemann and Levy, Ber., 1877, 10, 2215, give m. p. 
71—72°). 

The light petroleum extract, on removal of the solvent, gave an oil which exhibited a weak 
brownish-violet reaction with ferric chloride; distilled at 15 mm., it gave three fractions, of 
which the most considerable had b. p. 158—162° (Found: C, 67-1; H, 80; EtO, 38-1. 
C,,H,,0, requires C, 68-1; H, 7:2; 1 EtO, 23-2; 2EtO, 464%). It was thus a mixture 
containing a large portion of O-diethyl mixed with the C-ethyl-O-monoethy] derivative. 

The ethylation of §-resorcylic acid was carried out ina similar fashion and the products 
were found to be O-monoethyl-f-resorcylic acid, m. p. 151°, and its ethyl ester, m. p. 53° 
(Perkin, Joc. cit.) ; the oil insoluble in alkali contained a small proportion of the nuclear-ethylated 
ester as judged by qualitative tests. 

Methyl 8-Resorcylate-—The methyl ester of B-resorcylic acid does not appear to have been 
previously described. It could not conveniently be prepared by the Fischer-Speier method 
owing to the sparing solubility of B-resorcylic acid in methyl-alcoholic hydrogen chloride. 
A mixture of B-resorcylic acid (100 g.), methyl alcohol (350 c.c.), and concentrated sulphuric 
acid (20 c.c.) was refluxed for 10 hours, the methyl alcohol then removed by distillation, and 
water added to the residue until turbidity was produced. The methyl ester, which separated 
in flat needles in the course of a few hours, was collected and recrystallised from aqueous methyl 
alcohol or from chloroform (yield, 60 g.). The crystals contained solvent of crystallisation 
which was gradually lost on exposure to air, or more readily on heating. The substance, 
crystallised from chloroform, was dried in a vacuum at 60—70°, m. p. 118—119° (Found : 
C, 57-3; H, 4:4; MeO, 26-5. C,H,O, requires C, 57-2; H, 4-8; MeO, 26-8%). 

The ester is freely soluble in the simple alcohols, hot benzene or chloroform and sparingly 
soluble in the cold; it is much less readily soluble in light petroleum. The expected products of 
hydrolysis were identified. 

Nuclear Ethylation of Methyl 8-Resorcylate.—Methy] B-resorcylate (34 g., 1 mol.) was added 
to methyl-alcoholic potassium hydroxide (44 g. of potassium hydroxide in 250 c.c.). The 
mixture was cooled in a freezing mixture, and ethyl iodide (150 g.) added at once. The temper- 
ature was then allowed to rise gradually and next day the mixture was refluxed for 4 hours, 
with the addition of ethyl iodide if necessary, until the reaction was neutral. The product was 
worked up as in the case of ethylation of resacetophenone. The quasi-acidic fraction was an 
almost colourless oil which slowly crystallised ; recrystallised from light petroleum, it formed 
plates, m. p. 77—79° (Found : C, 60-9; H, 6-1; EtO + MeO, 45-0. C,)H,,O, requires C, 61-2; 
H, 6-1; EtO + MeO, 45-9%); this substance is doubtless methyl 2-hydroxy-4-ethoxybenzoate. 

The alkali-insoluble fraction was distilled, giving three fractions : (a) b. p. 182—187°/25 mm. ; 
(b) two-thirds of the whole, b. p. 187—189°/25 mm.; (c) b. p. 189—192°. The middle fraction 
(22 g.) slowly crystallised, part remaining oily. 

Methyl 2-hydroxy-4-ethoxy-3-ethylbenzoate was isolated, by washing this mixture with light 
petroleum, as elongated prisms, m. p. 52—53° (Found: C, 64:2; H, 7-0; EtO + MeO, 40-0. 
C,.H,,O, requires C, 64-3; H, 7-1; 1 EtO + 1 MeO, 40-2%). This ester is sparingly soluble 
in light petroleum and readily soluble in benzene. It is insoluble in alkalis and gives an intense 
violet coloration with alcoholic ferric chloride. 

The oily part of the middle fraction was also analysed (Found : C, 64-8; H, 7-1; EtO + MeO, 
47-8. (C,,.H,,O, requires C, 64:3; H, 7-1; 1EtO+1MeO, 40-2; 2 EtO + 1 MeO, 60-3%). 
This material is evidently a mixture containing about 60% of the C-ethylated derivative. 

The third fraction solidified on keeping and the crystals were washed with aqueous alcohol 
and recrystallised from the same solvent, forming cubes, m. p. 51—54° (Found: C, 63-6; 
H, 7-0. C,,H,,O, requires C, 64:3; H, 7:1%). Methyl 2: 4-diethoxybenzoate is insoluble in 
dilute alkalis and does not develop any coloration with alcoholic ferric chloride. 

4-Hydroxy-2-ethoxy-3-ethylbenzoic Acid.—The middle fraction of mixed esters (8 g.) from 
the foregoing was hydrolysed by means of boiling methyl-alcoholic potassium hydroxide for 
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3 hours. The solvent was evaporated, the residue acidified, and the precipitated acid collected 
and dried. Although quite colourless and crystalline, it had m. p. 100—160° and was a mixture 
of two substances which could be separated by taking advantage of the fact that the C-ethyl 
compound was sparingly soluble in benzene and easily soluble in alcohol, but the O-diethyl 
compound was easily soluble in benzene and sparingly soluble in alcohol. The crude acid was 
twice extracted with light petroleum (50 c.c.»b. p. 60—80°); the residue, on crystallisation 
from hot benzene gave long woolly needles of the C-ethylated acid (2-2 g.), m. p. 172—173° 
(efferv.) (Found : C, 62-4; H, 6-6; EtO, 21-7. C,,H,,O, requires C, 62-8; H, 6-7; 1 EtO, 21-4%). 
It was sparingly soluble in cold benzene and light petroleum but dissolved readily in alcohol, and 
then gave an intense violet coloration with ferric chloride. 

The benzene mother-liquor from which the C-ethyl compound had crystallised and also the 
light petroleum washings deposited a crystalline solid on evaporation; this was crystallised 
from alcohol, m. p. 96—97° (Tiemann and Levy, Ber., 1877, 10, 2217, give m. p. 99° for 2: 4- 
diethoxybenzoic acid), and iron reaction negative. 

2-Ethylresorcinol (IV).—Hydroxyethoxyethylbenzoic acid (5 g.) was boiled with hydriodic 
acid (80 c.c., d 1-7) for 3 hours, the mixture then diluted with water and heated, and the hot 
solution filtered. A little sodium bisulphite was added and after saturation with sodium chloride 
the phenolic product was isolated by means of ether as an oil that solidified on keeping and then 
crystallised from benzene-light petroleum in rectangular leaflets, m. p. 95—97° (Found : 
C, 69-2; H, 7-2. C,H, O, requires C, 69-5; H, 7-2%). The substance is rather easily soluble 
in cold water and very readily soluble in hot water. It gave the fluorescein reaction, the alkaline 
solution of the phthalein being cherry-red (cf. Crabtree and Robinson, Joc. cit.). It gives a blue 
colour with alcoholic ferric chloride, and can be sublimed. The substance was distinguished 
from its isomeride, 4-ethylresorcinol, by direct comparison. 

2 : 4-Dihydroxy-3-ethylbenzaldehyde.—A solution of 2-ethylresorcinol (4 g.) and anhydrous 
hydrogen cyanide (5 c.c.) in anhydrous ether (20 c.c.) was saturated with hydrogen chloride for 
4 hours; the aldimine hydrochloride separated after 30 minutes. The ether was decanted, the 
solid washed with ether and dissolved in water, and the solution heated at 70—80° for 30 minutes. 
The new aldehyde separated as an oil which solidified on cooling and crystallised from benzene 
in thick needles, m. p. 115—118°. It contains water of crystallisation which is not wholly 
lost, even on sublimation under reduced pressure (Found: C, 62-4; H, 6-2. C,H,,0;,0-5H,O 
requires C, 61-7; H, 6-3%). A deep violet coloration is developed with alcoholic ferric chloride, 
and a deep red pyrylium salt is obtained on condensation with 5 : 6-dimethoxy-1-hydrindone 
in glacial acetic acid solution under the influence of dry hydrogen chloride. The 2 : 4-dinitro- 
phenylhydrazone separated in dark clusters of brown crimson micro-needles when hot acetic 
acid solutions of its generators were mixed, m. p. 295° (decomp.) (Found: N, 16-2. C,,;H,,O,N, 
requires N, 16-2%). 

4-Methoxy-2-ethylresorcinol (I)—A mixture of zinc amalgam * prepared from zinc dust 
(5 g.), hydrochloric acid (10 c.c. of 10%), and alcohol (3 c.c.) was heated on a steam-bath 
under reflux, and the foregoing aldehyde (0-5 g.) added gradually during 1 hour; alcohol 
(2 c.c.) and concentrated hydrochloric acid (2 c.c.) were then added and the heating was con- 
tinued for 2 hours. The liquid was decanted, and after saturation with sodium chloride was 
extracted thrice with ether; the residual zinc was also washed with ether. The ether extracted 
an oil which solidified to a well-crystallised mass. The solid sublimed readily below 90° under 
reduced pressure in long, silky, flat needles (0-4 g.), m. p. 98—99° (Found: C, 70-7; H, 8-0. 
C,H,,O, requires C, 71-1; H, 7-9%). The dihydric phenol can also be purified by crystallisation 
from benzene—light petroleum. It is slightly soluble in cold water and much more readily in 
hot, easily soluble in benzene, and sparingly soluble in light petroleum (b. p. 60—80°). <A blue 
coloration is developed with aqueous ferric chloride. It sublimes easily even at atmospheric 
pressure and hasapparently the properties attributed to the dihydric phenol from citrinin (/oc. cit.). 

2: 4-Dihydroxy-5-ethylbenzaldehyde.—A mixture of 4-ethylresorcinol (1 g.) (Clemmensen, 
Ber., 1914, 47, 54), anhydrous hydrogen cyanide (0-5 c.c.), and anhydrous ether (10 c.c.) was 
saturated with hydrogen chloride below 0°; the aldimine hydrochloride began to separate after 
5 minutes. After 2 hours, the solid was separated, washed with ether, dissolved in water, and 
heated at 80—90° for 30 minutes. The aldehyde separated as an oil which solidified on cooling 
and crystallised from benzene or from dilute alcohol in colourless needles, m. p. 130—131° 


* Zinc amalgam for reduction by Clemmensen’s method is improved by three preliminary treat- 
ments with hot hydrochloric acid. A more active amalgam is obtainable from zinc dust, especially 
from the kind made by pulverising the pure metal. 
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(Found : C, 65-1; H, 6-1. C,H, 90, requires C, 65-1; H, 6.0%). It gives a deep violet coloration 
with alcoholic ferric chloride and condenses with 5 : 6-dimethoxy-l-hydrindone and hydrogen 
chloride to a deep red pyrylium salt. The 2: 4-dinitrophenylhydrazone crystallises, very soon 
after hot solutions of its generators are mixed, in long needles which rapidly change into elongated 
hematite-coloured prisms, m. p. 279° (decomp.) (Found: N, 16-0. C,;H,,O,N, requires 
N, 16-2%). 

6-Methyl-4-ethylresorcinol (V1).—The last-mentioned aldehyde was reduced like 2: 4-di- 
hydroxy-3-ethylbenzaldehyde, but the oily phenol showed no tendency to crystallise and was 
distilled, b. p. 150—155°/20 mm. The distillate on keeping in the refrigerator partly solidified 
and then, after being washed with benzene and light petroleum, gave colourless crystals, m. p. 
60—63° (Found in material dried in a high vacuum over phosphoric oxide: C, 71-0; H, 8-0. 
C,H,,0, requires C, 71-1; H, 7-9%). The iron reaction was blue-violet. 

5-Methyl-4-ethylresorcinol (VII).—Orsacetophenone (10 g.) (Hoesch, Ber., 1915, 48, 1122) 
was added in small portions during 1 hour to a mixture of zinc amalgam (from 40 g. of zinc 
dust) and hydrochloric acid (100 c.c. of 10%) kept on a steam-bath. After 2 hours, concen- 
trated hydrochloric acid (20 c.c.) was added, and heating continued for 1 hour. On cooling, 
the aqueous liquid deposited crystals, which were collected and recrystallised from hot water 
or benzene, forming plates (5 g.), m. p. 722—82° (Found: C, 63-5; H, 8-2. C,H,,0,,1-5H,O 
requires C, 62-9; H, 7:9%). The substance, recrystallised from 1% hydrochloric acid, formed 
long, glistening, flat needles, m. p. 75—80° after drying at 50° in a high vacuum over phosphoric 
oxide (Found: C, 70-9; H, 8-1. C,H,,O, requires C, 71-1; H, 7-9%). Dried at the room 
temperature over phosphoric oxide, the substance always retained 0-25H,O. The ferric reaction 
in aqueous solution is a blue coloration. 


The authors are grateful to the University of Bombay for the award of a Sir Mangaldas 
Nathubhoy Scholarship to one of them. 
THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, July 30th, 1934.] 
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2:2’: 2"-Tripyridylplatinum Salts. 
By GILBERT T. MorGAN and FRANCIS H. BuRSTALL. 


CO-ORDINATION compounds of platinum with bases contributing three associating foci 
or tridentate groups have not received much attention, although the stereochemistry of 
such compounds presents many interesting features. It has been shown, however, by 
Mann (J., 1928, 890) that «$y-triaminopropane furnishes either a chelate group with two 
adjacent amino-radicals co-ordinated to platinum or a tridentate system with its three 
amino-radicals all implicated. Later, Mann (this vol., p. 466) found that 68’-diamino- 
diethylamine acts as a tridentate group with platinous salts. 

Following on our researches with 2 : 2’-dipyridyl platinum compounds (this vol., p. 965) 
we now describe the results of investigating complex salts of platinum with 2: 2’: 2’- 
tripyridyl (2 : 6-di-2’-pyridylpyridine = trpy; I). 

N N N 
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Potassium platinochloride and 2 : 2’ : 2’’-tripyridyl react slowly at 90° in an aqueous 
medium forming an orange, insoluble precipitate and an orange-yellow solution. The former 
is separated by hydrochloric acid into a red platinochloride (II) and a complex bis-2 : 2’ : 2’’- 
iripyridyliriplatinous hexachloride (III). The filtrate contains the easily soluble deep red 
2:2’: 2"-tripyridylplatinous chloride (IV), which is obtainable as a trihydrate or a dihydrate. 
This salt ([V) gives the compound (II) with potassium platinochloride, whereas ammonia 
forms 2: 2’ : 2’’-tripyridylamminoplatinous chloride hydrate (V), which readily reverts to 
(IV) with loss of ammonia. With moist silver oxide, the complex salt (IV) readily yields 
a stable hydroxide [Pt trpy OHJOH,2H,0, which with the respective halogen acids furnishes 
the bromide [Pt trpy Br]Br,2H,O and iodide [Pt trpy I]I,2H,O. With chlorine, the tri- 
dentate complex salt (IV) is oxidised to an almost colourless platinic derivative (VII). 
Aqueous ammonia decomposes the platinochloride (II) in accordance with the scheme: 


NH, 
[Pt trpy Cl],PtCl, —-> [Pt trpy NH,]PtCl, + [Pt trpy NH,]Cl, 
(II.) (VI.) (V.) 
The plato-salt (VI), which also arises from the interaction of (V) and potassium platino- 
chloride, is black, recalling the intense colour of the green salt of Magnus. 

In acid solution, 2: 2’: 2’’-tripyridyl and potassium platinochloride give 2: 2’ : 2’’- 
iripyridyl platinochloride (VIII), which is not changed by boiling water. When, however, 
this dry salt is heated at 240—260°, decomposition takes place with formation of an 
insoluble product of indefinite composition and a water-soluble black tridentate complex 
chloride (IX), which possesses the same empirical formula as the chloride (IV). This 
black chloride changes into the red isomeride in hot aqueous solution and forms a blue 
gelatinous p/ato-salt with potassium platinochloride. Although the relationship between 
(IV) and (IX) is not clear, the lower solubility and method of formation of (IX) indicate 
that it is a dimeride, whereas (IV) is the more stable monomeric variety. Apart from the 
foregoing considerations, it is not certain whether a tridentate salt such as (IV) is tetra- 
hedral or planar in structure. There is no evidence at present to show whether the 
tridentate group of a triamine such as 2: 2’: 2’’-tripyridyl, «$y-triaminopropane, or 
88’-diaminodiethylamine can span the /vans («)-positions of the co-ordinated planar 
molecule. 

EXPERIMENTAL. 

2:2’: 2"-Tripyridylchloroplatinous Platinochloride (I1).—(a) Potassium platinochloride 
(4-0 g.) and 2: 2’ : 2’’-tripyridyl (2-3 g.) were digested with water at 90° for 6 hours, an orange- 
brown precipitate separating. This solid, after being washed with hot water and alcohol, 
was extracted with boiling 2N-hydrochloric acid until a sample of the residue no longer gave a 
black colour with warm aqueous ammonia. When the extract was cooled, the platinochloride 
crystallised in red plates (Found: Pt, 45-9; Cl, 16-7. C,,H,.N,Cl,Pt,; requires Pt, 46-3; 
Cl, 16-8%). 

(b) In cold aqueous solutions, 2 : 2’ : 2’’-tripyridylplatinous chloride di- or tri-hydrate (IV) 
and potassium platinochloride produced a crimson gelatinous precipitate, which became red 
and granular on boiling. This plato-salt, which crystallised from hydrochloric acid (Found : 
Pt, 46-2%), reacted with aqueous amines and decomposed slowly into (III) (vide infra) in 
warm concentrated hydrochloric acid. With silver oxide it gave a solution of 2: 2’ : 2’’-tri- 
pyridylplatinous hydroxide (vide infra), but there was no colour reaction with phenoxtellurine 
dibisulphate. 

Bis-2 : 2’ : 2’'-tripyridyliriplatinous Hexachloride (111).—The yellow residue remaining after 
extraction of the foregoing plato-salt with hydrochloric acid was washed with water and alcohol 
(Found: Pt, 46-0; N, 6-7. C,,H,.N,Cl,Pt, requires Pt, 46-3; N,6-6%). This highly complex 
chloride was insoluble in water and most organic solvents, but dissolved slowly in aqueous 
ammonia or pyridine. 

2: 2’: 2"-Tripyridylplatinous Chloride Trihydrate (IV).—The aqueous filtrate obtained from 
the reaction between 2: 2’: 2”-tripyridyl and potassium platinochloride was evaporated, 
cooled, and treated with hydrochloric acid; the red chloride then separated as the dihydrate, 
whereas the trihydrate crystallised slowly from a cold aqueous solution and was air-dried 
(Found: Pt, 35-0, 35-7; N, 7-8; Cl, 13-0. C,;H,,N,Cl,Pt,3H,O requires Pt, 35-3; N, 7-6; 
Cl, 12-8%). The dihydrate was obtained from the trihydrate by desiccation over sulphuric 
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acid, by washing with alcohol, or by precipitating a warm solution with hydrochloric acid 
(Found: Pt, 36-6; N, 7-9. C,;H,,N,Cl,Pt,2H,O requires Pt, 36-5; N, 7-9%). This chloride 
was also formed by decomposing the chloride (IX) (vide infra) by hot water or acid, by the 
prolonged action of 2 : 2’ : 2’’-tripyridyl on the plato-salt (II) or the complex salt (III) in aqueous 
medium, or by successive action of silver oxide and hydrochloric acid on (II). This complex 
platinous salt was not decomposed by boiling with concentrated hydrochloric acid, and was 
insoluble in most organic solvents. 

2:2’: 2"-Tripyridylplatinous Hydroxide.—A deep red solution of this base was formed when 
the foregoing chloride (IV) or the platinochloride (II) was warmed with freshly prepared silver 
oxide, the filtrate evaporated to small volume at 90°, and finally kept over sulphuric acid in a 
vacuum. The hydroxide was thus obtained as a very deep red (almost black) microcrystalline 
product (Found: Pt, 39-4. C,,;H,,N,O,Pt,2H,O requires Pt, 39-2%). This slightly hygro- 
scopic base was soluble in water or alcohol; its aqueous solution was stable on boiling. It 
dissolved in hydrochloric, hydrobromic, and hydriodic acid to give the corresponding salts. 

2:2’: 2"-Tripyridylplatinous bromide dihydrate, also formed on mixing solutions of the 
chloride (IV) and a soluble bromide, crystallised in yellow needles (Found: Pt, 31:1. 
C,,;H,,N,Br,Pt,2H,O requires Pt, 31-3%). The iodide dihydrate, similarly prepared from hot 
solutions of (IV), crystallised from hot water in orange-yellow needles (Found: Pt, 27-0; N, 6-0. 
C,;H,,N31,Pt,2H,O requires Pt, 27-2; N, 5-8%). Incold solution the chloride (IV) and a soluble 
iodide precipitated a crimson gelatinous iodide which became yellow and granular on heating. 

2:2’: 2"-Tripyridylirichloroplatinic Chloride Dihydrate (V11).—When chlorine was passed 
into a warm solution of the chloride (IV), the colour faded to a very pale yellow, and on cooling 
the concentrated filtrate the platinic chloride crystallised in almost white needles or plates 
(Found: Pt, 32-2; N, 7-0. C,,;H,,N,Cl,Pt,2H,O requires Pt, 32-2; N, 6-9%). This air-dried 
dihydrate when desiccated over sulphuric acid passed into a monohydrate (Found: Pt, 32-95. 
C,5;H,,N,Cl,Pt,H,O requires Pt, 33-2%). On exposure, this platinic derivative decomposed 
slowly, regenerating the corresponding chloride of bivalent platinum (IV). 

2:2':2"-Tripyridylamminoplatinous chloride hydrate (V) separated as a yellow micro- 
crystalline precipitate on addition of alcohol to a concentrated solution of (IV) in aqueous 
ammonia, This tetrammine was washed successively with ammoniacal alcohol and ether and 
analysed at once (Found: Pt, 36-4. C,,;H,,N,Cl,Pt,H,O requires Pt, 36-5%); it speedily 
lost ammonia on exposure or in solution, regenerating compound (IV). 

2:2’: 2"-Tripyridylamminoplatinous Platinochloride (V1).—(a) This plato-salt, which 
separated as a blue flocculent precipitate on mixing solutions of (V) and potassium platino- 
chloride, was washed with water and alcohol (Found: Pt, 49-5. C,,H,,N,Cl,Pt, requires Pt, 
49-9%). 

(b) The plato-salt (II) was heated and stirred with concentrated aqueous ammonia; the 
plato-salt (VI) was then formed as a black microcrystalline deposit, which was washed with water 
and alcohol (Found: Pt, 49-7%). The filtrate from this preparation gave (IV) with hydrochloric 
acid. Both samples (a) and (b) generated the red plato-salt (II) with warm hydrochloric acid. 

2:2’: 2"'-Tripyridyl platinochloride (VIII) separated in golden-yellow needles on mixing 
hot solutions of 2: 2’ : 2’’-tripyridyl in 2N-hydrochloric acid (40 c.c.) and potassium platino- 
chloride (4-0 g.) in 300 c.c. of water (Found: Pt, 34-0; N, 7-3. C,,;H,3N,Cl,Pt requires Pt, 
34:0; N, 7:3%). Aqueous amines and caustic and carbonated alkalis eliminated 2: 2’ : 2”’- 
tripyridyl, but boiling with water did not alter this platinochloride. 

2:2’: 2"-Tripyridylplatinous Chloride Trihydrate (black form) (IX).—On heating the fore- 
going platinochloride (4-5 g.) at 230—260° for 5 hours, a little hydrogen chloride was evolved 
and some 2: 2’ : 2”’-tripyridyl hydrochloride sublimed. The cold brown residue (4-1 g.) was 
extracted successively with alcohol and water at 40°, As soon as the mixture was moistened 
it became black and partially dissolved to a deep red solution, leaving a yellow-brown insoluble 
residue. The red filtrate was treated with aqueous ammonium chloride, and the precipitate 
recrystallised on epoling from the minimum quantity of warm water (40°). The small black 
plates of the trihydrate were air-dried (Found: Pt, 35-5; Cl, 12-5; N, 7-7. C,,H,,N,Cl,Pt,3H,O 
requires Pt, 35-3; Cl, 12-8; N, 7-6%). This chloride was rapidly decomposed by hot 2N-hydro- 
chloric acid, and more slowly by boiling water, into the red compound (IV). Potassium 
platinochloride gave with a solution of this chloride a blue gelatinous precipitate drying to a 
reddish-purple powder, which retained water very tenaciously (Found: Pt, 44-35%) and gave 
the red plato-salt (II) with hydrochloric acid. 


CHEMICAL RESEARCH LABORATORY, TEDDINGTON, MIDDLESEX. (Received, August 23rd, 1934.] 
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324. Volume Effects of Alkyl Groups in Aromatic Compounds. Part 
V. The Monosulphonation of p-Cymene. 


By R. J. W. Le FEvre. 


In Part II of this series (J., 1933, 980) three instances were noted in which the order of 
orienting powers of the methyl and the isopropyl group required by current electronic 
theories was reversed; the results now to be recorded establish the sulphonation of #- 
cymene as a fourth example of the same phenomenon. 

Such a conclusion was indicated qualitatively by the earlier literature dealing with 
this substitution. Jacobson (Ber., 1878, 11, 1059), by the direct action of sulphuric acid on 
the hydrocarbon, isolated a cymenemonosulphonic acid (the «-acid) and showed that its 
sodium salt gave carvacrol on potash fusion. Later, Claus (Ber., 1880, 13, 901; 1881, 
14, 2139) developed an improved method of separation via the barium salts and was there- 
by enabled to detect the formation also of an isomeric acid (the B-acid), the constitution 
of which was formally established by Kelbe and Koschnitzky (Ber., 1886, 19, 1733; cf. 
Dinesmann, D.R.P., 125097; or Cenir., 1901, ii, 1030) by its conversion into thymol; the 
yields of this second acid were evidently very small, and it is clear that substitution occurred 
almost entirely at the 2-position in the hydrocarbon. Quantitative repetitions of the 
process have verified this; the results are summarised in the table. 


Sulphonation of p-Cymene. 


Weight of cymene taken, g.......... 25 27 50 30 30 25 
Approx. temp. of sulphonation ... 0—10° 0—10° 0—10° 50—80° 50—80° 90—100° 
Yield of barium 2-sulphonate, g. 23°5 26:1 45°5 14°5 18:1 51 
Vol. (1.) of cold saturated solution , 

from which crystn. occurred ... 3 3 6 2 2 2 
Corr. yield of barium 2-sul- 

phonate, g. 86° 54: 58°1 


Total yield of monosubstituted 

derivatives, g. 91°6 64° 
Yield of Ba(Cy)H 4350 ;),,3H,O, 

calc., 99-4 110 110 92 
Yield, 


4°5 
Yield of barium 3-sulphonate, g. , 12 9°5 11°5 12 
4 


69°6 


87 90 49°5 53 49 


Details of a typical experiment are given ori p. 1502. In working up the products, 
the method used was that of Claus (/oc. cit.) ; very little unchanged cymene was recovered, 
and its amount was quite insufficient to explain the deficiencies in yield shown in the 
antepenultimate line of the table; these, in the lower-temperature experiments, may have 
been due to the formation of some cymenedisulphonic acid, the barium salt of which is 
soluble in alcohol and would therefore have been removed during the separation. The 
“ corrected ’’ yields in line 5 of the table are those actually isolated by crystallisation from 
water plus an allowance for aqueous solubility. Rough indications that the amount of 
2-substitution becomes relatively less with rise of temperature were observed. 

The barium salts of both 2- and 3-cymenesulphonic acids crystallise as trihydrates, and 
the chemical purities of the samples isolated in this work were therefore difficult to demon- 
strate. The first salt, however, had every property associated with homogeneity (large, 
well-formed plates) and in this respect differed from the second salt, which was always 
obtained only as a white powder; moreover, the latter appeared the more likely to have 
been a mixture, for, having the greater solubility, it may have contained a salt or salts of 
one or more of the possible isomeric side-chain substituted sulphonic acids; the solubility 
difference between the 2- and the 3-barium sulphonate themselves (see p. 1502), however, 
is such that a sharp separation should be possible. 

In this connexion an attempt was made to synthesise barium cymene-3-sulphonate 
by the process C;H,-C,H;Me-OH —> C,H,-C,H,Me-SH —> C,H,°C,H,Me’SO,H. 3- 
Thiol-p-cymene was readily obtained by the action of phosphorus pentasulphide on thymol 
(Fittica, Annalen, 1874, 172, 325) and was subjected to oxidation by various reagents. 
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No conditions could be achieved under which oxidation was confined to the thiol group; 
the only isolable acid product was the acid (possibly 3-sulpho-f-toluic acid) previously 
noted by Fittica (loc. cit.), the formation of which is consistent with the oxidisability of 
the isopropyl radical in cymene compounds (cf. Parts III and IV; this vol., pp. 848, 852). 

For purposes of further identification, barium cymene-2-sulphonate was converted 
via the chloride into the crystalline amide, which was also easily obtained from the crude 
total product from the action of chlorosulphonic acid on ~-cymene at 0—10°, showing 
that substitution by the chlorosulphony] group, like that by the sulphony] radical, occurs 
very largely at position 2 (i.e., ortho to methyl rather than to isopropy/). 


EXPERIMENTAL. 


Interaction of Fuming Sulphuric Acid and Cymene.—The action of fuming sulphuric acid 
seemed to be more satisfactory than that of the ordinary acid; the following is typical of the 
experiments summarised above in the table. The hydrocarbon (25 g.) was well stirred mechanic- 
ally, and treated cautiously (1 hour) under ice-salt cooling with fuming sulphuric acid (15% 
SO;; 30 c.c.), the stirring being prolonged for a further 3 hours. The reaction product was 
added to chopped ice, and diluted with water to about 2-51. Sufficient powdered barium 
carbonate for neutralisation was dusted in, and the mixture raised to 100° by passage of a current 
of steam. Filtration (hot-water funnel) and cooling then gave barium cymene-2-sulphonate 
(23-5 g.) as white shining plates (Found : loss at 150°, 8-3, 8-8, 8-5. Calc. for C,,H,,0,5,Ba,3H,O: 
loss, 8-75%. Found, in anhydrous salt: Ba, 24-4. Calc.: Ba, 243%). The filtrate was 
evaporated to about 500 c.c. and cooled, a further quantity of the 2-sulphonate (ca. 48 g.) in 
obviously slightly less pure condition being obtained. This was removed, and the remaining 
liquor taken as far as possible towards dryness on the steam-bath. Repeated extraction of 
the resulting syrup with boiling alcohol left a white solid salt (5 g.), the aqueous solution of which 
had an intensely sweet taste (contrast the 2-salt, which was bitter). For analysis, the 3-sul- 
phonate was dried over sulphuric acid in a vacuum (Found: Ba, 24-1; loss of weight at 150°, 
8-4%). 

The alcoholic extracts, which contained barium cymenedisulphonate along with the above 
salts in unknown amounts, were not examined, since the main point, viz., that more 2- than 
3-substitution occurs, was adequately established by the isolated yields of the former isomeride. 

Solubilities of Barium Cymene-2- and -3-sulphonates in Water.—A pure specimen of the former 
salt was recrystallised from water and kept at room temperature for a day before decantation 
of the mother-liquor. This (25 c.c.), on evaporation to constant weight in a vacuum desiccator, 
afforded 0-5120, 0-5131, 0-5101 g. of the trihydrate; 100 c.c. of the saturated solution at 16— 
18° therefore contain 2-05 g. This value has been employed in making the corrections in the 
table above. 

Determination of the solubility of the 3-isomeride was difficult because this salt did not 
crystallise when its aqueous solutions were evaporated; the barium salt was added in portions 
to 75 g. of distilled water at 18°, with repeated shaking; 24 g. appeared to dissolve, hence the 
solubility of this salt is about 16 times greater than that of the 2-isomeride. 

The following experiment was performed as a check of the assumption, made in compiling 
the table, that the solubilities of the two salts will be individually maintained in a mutual 
mixture. The two salts (5 g. of each) were dissolved in 100 c.c. of boiling water, and the solution 
cooled. In two such experiments 2-8 and 2-9 g. of solid were deposited, whereas 2-95 g. of 2- 
sulphonate are to be expected. 

Interaction of Chlorosulphonic Acid and Cymene.—To cymene (27 g.) under water cooling 
was slowly added an equal weight of chlorosulphonic acid. Some reddening of the solution 
and considerable frothing occurred. After 0-5 hour’s standing, the viscous mass was diluted 
with ice and strongly basified with aqueous ammonia. After some hours, the sulphonamide 
was collected and crystallised from hot water, forming white plates, m. p. 114—115° (Kelbe, 
Ber., 1886, 19, 1969, quotes m. p. 115-5°); yield 26 g., ca. 60%. 

In another experiment barium cymene-2-sulphonate (30 g.) was warmed with an equal 
weight of phosphorus pentachloride, etc., and the crude oily product transformed into the amide 
as above. After crystallisation from water, 16-1 g. (70%) of the sulphonamide were obtained, 
m. p. 114°. The isomeric 3-sulphonamide has m. p. 151° (Remsen and Day, Amer. Chem. J., 
1883, 5, 150). 


UNIVERSITY COLLEGE, LONDON. (Received, April 4th, 1934.] 
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325. The Photoreactions of Liquid and Dissolved Ketones. Part I. 
By Epmunp J. Bowen and Emize L. A. E. DE LA PRAUDIERE. 


Ow1nG to the difficulty of interpretation of the diffuse absorption spectra of the more 

complex aldehydes and ketones, a study of the chemical properties of their electronically 

excited levels is likely to provide useful information. In the vapour state these substances 

decompose photochemically to give gaseous products by a delay process (predissociation) : 
delay > 10-"* sec 


A + hv—> Ax ———> A’ —> products. 


The experiments now described were made upon substances in the liquid or dissolved 
state, where collisional times were shorter than, or about equal to, the delay in the process 
Ax —+> A’. It is believed that the results show that the excited level A* is chemically 
non-reactive, that the level A’ is the reactive level, and that its dissociation into gaseous 
products does not occur instantaneously, 7.¢., that a further reactive level is concerned in 
the gaseous decomposition. 


The arrangement of light sources, filters, and methods of measuring the light absorptions 
of the liquids have already been described (Bowen, J., 1932, 2236). The numbers of quanta 
in the light used were estimated by Leighton and Forbes’s uranyl sulphate-—oxalic acid method 
(J. Amer. Chem. Soc., 1930, 52, 3139). In ultra-violet light, aromatic ketone molecules oxidise 
alcohols according to the following equation, a pinacol being formed : 

2COPh, + C,H,-OH —-> CPh,(OH)-CPh,°OH + CH,-CHO 
(Ciamician and Silber, Ber., 1900, 33, 1911; 1901, 34, 1538; 1903, 36, 1577; Berthoud, Helv. 
Chim. Acta, 1933, 16, 592; Backstrém, Z. physikal. Chem., 1934, B, 25, 99). 

In the presence of oxygen, no pinacol is formed, but the alcohol is oxidised indirectly to 
aldehyde as before. Aliphatic ketones react bimolecularly with alcohols under similar con- 
ditions to give several products, the ketone being reduced to a monohydric alcohol, or condensing 
with the alcohol (Ciamician and Silber, Ber., 1911, 44, 1280; Sernagiotto, Atti R. Accad. Lincei, 
1919, 28, i, 432). In the absence of alcohol molecules, excited ketone molecules can attack 
normal ketone molecules to give various products. 

Expt.1. 5C.c. of molten benzophenone at 100° were exposed to the full light of the mercury 
lamp for 9 hours. The ultra-violet region was completely absorbed by the liquid. The m. p. 
(49°) showed no change after the exposure. 

Expt. 2. 5 C.c. of molten acetophenone were similarly illuminated for 7 hours, and again 
there was no change in m. p. (18°). 

Expt. 3. 25 C.c. of a M/10-solution of benzophenone in hexane were exposed at room 
temperature for 34 hours to the full light of the mercury lamp. 0-212 G. of benzpinacol (m. p. 
182°) crystallised out. The quantum efficiency was about 0-04. The residual solution was 
titrated with M/50-bromine in carbon tetrachloride, requiring 16 c.c. Titre equivalent to all 
the hydrogen used in reduction, 30 c.c. 

Expt. 4. As before, but with benzene as solvent. Benzpinacol formed as before. 

Expt. 5. As before, but with carbon tetrachloride as solvent. No benzpinacol formed. 

Expt. 6. 25 C.c. of acetone [purified by the sodium iodide method (Shipsey and Werner, 
J., 1913, 108, 1255) and by the sodium bisulphite method, and dried with calcium chloride and 
with anhydrous copper sulphate; d/$: 0-79366] were exposed for 2} hours to filtered ultra-violet 
light, 2 31836—2800 A. The liquid after exposure was titrated with M/50-bromine dissolved 
in carbon tetrachloride, a little water being added: titre = 2 c.c. Under these conditions 
unexposed acetone does not react rapidly with bromine. 

Expt. 7. 25 C.c. of a 20% solution of acetone in pure hexane were exposed and afterwards 
titrated as above: titre = 19-2 c.c. 

These experiments show that the photoreactions of benzophenone and of acetone are many 
times greater in solution than in the pure liquid state. It is possible that the excited molecules 
extract hydrogen from the hexane or benzene (cf. the photodecomposition of ammonia in hexane 
solution, L. Farkas, Z. physikal. Chem., 1933, B, 28, 89), but this seems very unlikely. It seems 
more probable that the effect is to be explained by the hypotheses that the first excited level 
(A*) is non-reactive, but is capable of deactivation by collision with normal ketone molecules, 
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and that reaction occurs only when the level A* passes into the level A’. This explanation also 
covers the results obtained for diacetyl (Part II, following paper). On this view, the second 
level A’ cannot be assumed to be an unstable level dissociating instantly into radicals, for no 
gaseous products are formed when the reaction occurs in the liquid or the dissolved state, in 
contrast to the results obtained for the vapours of ketones and aldehydes (cf. Damon and 
Daniels, J. Amer. Chem. Soc., 1933, 55, 2363; Leighton and Blacet, ibid., p. 1766). 

Expt. 8. 25 C.c. of liquid acetaldehyde were exposed for 6 hours to the full light from the 
mercury lamp. No gas evolution was observed. If the quantum efficiency of dissociation 
had been 0-5, 500 c.c. of gas should have been obtained. 

Expt. 9. 25 C.c. of liquid acetone were exposed in a similar manner. No gas evolution 
was observed, although 200 c.c. would have been expected if the quantum efficiency of dissoci- 


ation were 0-2. 
Expt. 10. 25 C.c. of 2% and of 0-2% solutions of acetone in carbon tetrachloride were 


exposed similarly. No gas evolution was observed. In the second solution the concentration 
is of the same order as that used by other investigators on the gaseous photodecompositions. 
Expt. 11. The photoreactions occurring in purified liquid acetone were investigated by 
density changes. Range of light used 3135—2900 A. All densities (determined with a pykno- 
meter) are given as djs. 
Acetone, d 0°79366. Acetone + 1}% of water, d 0°79766. 


Time of exposure, mins. ... 45 92 183 272 118 238 372 501 
10 24 32 43 


Density increase x 10° 10 23 38 


Assuming that the product is diacetone alcohol, the quantum efficiency of polymerisation 


is about 0-05. 
Acetone + 2% MeOH + 


Acetone + 2% MeOH, d 0°79413. 13% H,0O, d 0°79839. 


Time of exposure, 
A. cccicicmrenedin 3 74 234 92 211 377 466 40 122 144 244 310 394 


Density increase 
49 51 54 83 125 145 165 12 33 39 56 71 ~ 86 


The above data show that while water has a reducing effect on the rate, small amounts 
of methyl alcohol produce a rapid change of high quantum efficiency, very large changes of 
density occurring in short exposure times. These results agree with the hypothesis that the 
reactive level A’ has a relatively long life compared with collisional frequencies in a liquid. 

Since diacetone alcohol has been found to decompose photochemically into gaseous products 
in the vapour state (Damon and Daniels, /oc. cit.), its behaviour in the liquid state was 


investigated. 
Expt. 12. 25 C.c. of diacetone alcohol exposed to light, 3135—2800 A. 


0 70 188 258 
0°94057 0°94056 0°94049 0°94057 


No gaseous products were observed, and the density changes are within the experimental 
error. The addition of 2% of water did not promote any photochange. The excited level of 
this substance is therefore very easily deactivated by collision with normal molecules. 


These experiments are being continued. 


SUMMARY. 


The photoreactions of acetone and of benzophenone have been investigated in solution 
and in the pure liquid state. No gaseous products are liberated, and the reaction is much 
faster in the former than in the latter state. These results are explained on the hypotheses 
that the primary excited level of the ketone is non-reactive, and capable of deactivation 
on collision, and can pass into a second reactive level (which does not dissociate instantly) 


after a time of the order of 107!” sec. 


PuysicaL CHEMISTRY LABORATORY, 


BALLIOL AND TRINITY COLLEGES, OXFORD. [Received, July 14th, 1934.] 
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326. The Photoreactions of Liquid and Dissolved Ketones. Part II. 
By Epmunp J. Bowen and ArTHuR T. Horton. 


In the preceding paper the hypothesis of two excited levels is advanced to explain the 
behaviour of ketones in ultra-violet light. The experiments here described relate to the 
diketone diacetyl, the photodecomposition of which in the vapour state yields carbon 
monoxide and ethane (Porter, Ramsperger, and Steel, J. Amer. Chem. Soc., 1923, 45, 
1827). The allied substances glyoxal and methylglyoxal photodecompose almost quantit- 
atively in the vapour state into carbon monoxide and solid compounds of high molecular 
weight (Norrish and Griffiths, J., 1928, 2829; Kirkbride and Norrish, Trans. Faraday 
Soc., 1931, 27, 405). We find that solutions of glyoxal and of diacetyl give no gaseous 
products on illumination with light of wave-lengths between 4360 and 3660 A. 


The experimental details were as indicated in the preceding paper (p. 1503). 

25 C.c. of solutions of diacetyl in hexane (made up by weight) were exposed to monochromatic 
light for various times. Since the solutions were yellow and the product colourless, the con- 
centrations were conveniently estimated with a Pulfrich photometer (Zeiss) illuminated with 
monochromatic light of 4360 A. As a white precipitate appears on illumination, which re- 
dissolves on stirring, the solutions were agitated with an internal stirrer operated electro- 
magnetically. The reaction velocity was shown to be independent of the stirring rates used. 
A time-—concentration curve was constructed for each exposure up to about 30% change. Pre- 
liminary experiments showed that the reaction rate was directly proportional to the light 
intensity, and hardly affected by bubbling either oxygen or nitrogen through the solutions. 
The light absorptions were not complete in the cells used, and the quantum efficiencies were 
calculated from the equation : 

of ac — 2 + Stag oe 
Vo * + Gl8\ 0 


where y = quantum efficiency, a = number of molecules of diacetyl in the product molecule 
(taken as 2, see later), J = number of g.-mol. quanta of incident radiation in time ¢, V = volume 
of solution in litres, c and * = concentrations (g.-mols./1.) initially and at time #, respectively, 
¢ = extinction coefficient, and d = thickness of the solution. 


Solvent : hexane. Solvent : ethyl ether. 


3660 A.; «= 3°26. 4360A.; «= 17°8. 3660 A.; « = 3°87. 4360A.; «= 16°8. 
Concn. of Concn. of 
diacetyl. y, found. y, calc. y, found. y, calc. diacetyl. y,found. y,calc. y, found. y, calc. 
0011 0°25 0°25 0°16 0°17 0°03 09,103 O-91 0°81,0°85 0°84 
0°027 0°22 0-23 0°16 0°16 0:09 0-82 0°84 0°77 0°80 
0-140 0°13 0°14 0°12 0°12 0°54 0°58 0°54 0°64 0°64 
0°275 0°10 0°09 0°10 0°10 


The results are summarised in the tables. The values of > calc. for hexane solutions are 
obtained from the equations : 


y = 0-27/(1 + 7-0c) at 3660 A.; y = 0-17/(1 + 2-8c) at 4360 A. 
and those for the ether solutions from the equations : 
y = 0-95/(1 + 1-4c) at 3660 A.; y' = 0-85/(1 + 0-6c) at 4360 A. 


The quantum efficiencies shown above diminish as the concentration of the diacety] is increased. 
A simple explanation is to be found in the hypotheses advanced in the preceding paper, viz., 
that the mechanism of reaction is : 


ee 
A + iv—> A* >A 
k 
A* + A —+ deactivation 


ks ~ products 
+A 


™ deactivation. 
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The velocity constants of the reactions are shown as k,,etc. The quantum efficiency should then 
vary with the concentration according to the equation y = P/(1 + Kc), where P = k,/(k, + h,), 
and represents the ratio of probabilities of reaction to reaction + deactivation of the level 
A’, and K = k,/k,, which depends inversely on the probability of the change AX —-> A’. The 
figures show that an equation of this type fits the observed values within the experimental 
error. It will be noticed that both P and K are greater for the wave-length 3660 than for 
4360 A. At the shorter wave-length, therefore, the level A’ has a greater tendency to react, 
but the change A* —-> A’ isslower. This result is capable of explanation by a suitable arrange- 
ment of surfaces on a polydimensional potential energy—distance diagram. 

Products of the Photoreaction.—The above results show that the photoreaction rate is faster 
the more dilute the solution. It is peculiarly difficult, therefore, to obtain much of the photo- 
product, since in dilute solution the amount is small, while in concentrated solution the rate is 
small. For this reason, diacetyl itself shows little photochange in light. When dilute solutions 
in hexane were exposed to sunlight until colourless and evaporated to dryness, the residue 
amounted to about 20% only of the diacetyl originally present. More concentrated solutions 
remained coloured after long exposures to sunlight, and on distillation left a very small quantity 
of a pungent brown liquid. The substance 1 : 4-dihydroxy-1 : 4-dimethylcyclohexane-2 : 5- 
dione [Beilstein, (4), Vol. 1, p. 858; Suppl., Vol. 1, p. 434], formed by the double aldol condens- 
ation of 2 mols. of diacetyl, is an oil, b. p. 128°/18 mm., and is slightly soluble in hexane. It 
loses water on heating to give p-xyloquinone, a yellow substance of pungent smell. It is 
possible that this substance is the photoproduct in hexane solutions. 


SUMMARY. 

The photopolymerisation of diacetyl in solution in light of wave-lengths 4360—3660 A. 
has been investigated. The quantum efficiency is greater in more dilute solutions. An 
explanation based on the existence of two excited levels and on deactivation by normal 
molecules of diacetyl has been given. 


PHYSICAL CHEMISTRY LABORATORY, 
BALLIOL AND TRINITY COLLEGES, OxFORD. [Received, July 14th, 1934.] 





327. The Constitution of Tannins. Part III. Hemlock Tannin. 
Synthesis of Bis-(7: 8: 3’ : 4'-tetrahydroxy)flavpinacol. 
By ALFRED RUSSELL and Joun Topp. 


TueE hemlock is a conifer widely distributed through the North American Continent and 
the bark contains upwards of 10% of a water-soluble phlobatannin. Hemlock extracts 
find extensive use in North America for tanning purposes; elsewhere, their use is limited 
because they give leathers having the deep red colour of the solutions. 

The tannin has been isolated on several occasions (see Perkin and Everest, “‘ Natural 
Organic Colouring Matters ”’), but the results reported are confusing. A complete empirical 
re-examination of the tannin, newly extracted from hemlock bark, has therefore been made ; 
it has the usual appearance of tannins but is somewhat darker. Treatment of the cruder 
specimens with boiling dilute mineral acids produced a phlobaphene and traces of glucose 
(identified by its osazone) but, after purification through its lead salt, the tannin was free 
from sugar. By fission with fused alkali, pyrogallol and protocatechuic acid (and pyro- 
catechol by decarboxylation of this acid) were obtained. The very close qualitative 
resemblance between hemlock tannin and bis-(5: 7 : 3’ : 4’-tetrahydroxy)flavpinacol led 
to repeated examinations of the fission products for phloroglucinol residue, but none could 
be found. 

In accordance with the views now being examined (this vol., pp. 218, 1066), hemlock 
tannin appears to be a flavpinacol hydroxylated on the pattern of bis-(7 : 8 : 3’ : 4’-tetra- 
hydroxy)flavpinacol (V) or even identical with it. So farascan be found, hemlock tannin 
is the only phlobatannin that gives pyrogallol as its phenolic component, and it is likely 
that its unusually deep red solutions and ready conversion into phlobaphene are due to 
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this departure from the usual phloroglucinol or resorcinol pattern. Moreover, it is known 
that polyhydroxy-chalkones are more highly coloured when their structure contains 
phenolic hydroxyl groups ortho to each other, particularly in the 3 : 4-position, than when 
these groups are otherwise distributed. This deepening of colour has become very evident 
during the progress of this research. 

The synthesis of bis-(7 : 8 : 3’ : 4’-tetrahydroxy)flavpinacol has now been accomplished. 
It gives the typical qualitative tests for phlobatannins, and bears a close quantitative 
resemblance to natural hemlock tannin. The parent 2:3:4:3': 4’-pentahydroxy- 
chalkone, which precipitates gelatin in aqueous solution, is readily distinguishable from the 
flavpinacol by its crystalline nature and by its colour reactions with ferric chloride (dark 
chocolate-brown) and lead acetate (deep red). The results indicate, even in the unlikely 
event of phloroglucinol having been overlooked amongst the fission products of hemlock 
tannin, that flavpinacols hydroxylated on the 7 : 8 : 3’ : 4’-pattern are phlobatannins. 

Gallacetopherione tribenzoate (I) condensed at 0° with protocatechualdehyde dibenzoate 
(II) in presence of anhydrous hydrogen chloride in dry ethyl acetate to give 2:3: 4:3’: 4’- 
pentabenzoyloxychalkone (III), from which, by hydrolysis with alkali, resulted 2 : 3:4: 3’: 4- 
pentahydroxychalkone (IV), and this, by reduction with zinc dust and alcoholic hydrogen 
chloride, gave the required flavpinacol (V). The use of alcoholic hydrogen chloride is 
necessary owing to the strongly acidic character of the chalkone (gallaldehyde is more 
strongly acidic than acetic acid; Rosenmund and Zetzsche, Ber., 1918, 51, 594). 


OBz OBz OBz 
-@::: + OHC{ OBz —_—> Qs OBz 
CO-CH, (II.) (III.) O-CH:CH OBz 
OH O 
"Oe 
H, 


—OH 
C—OH 


wh ton 


The solubilities of the synthetic product are in exact agreement with those of hemlock 
tannin. Both are readily soluble in water, alcohols, ethyl acetate, and acetone, giving 
red solutions, and insoluble in chloroform and its homologues and in hydrocarbons. The 
synthetic product is, like hemlock tannin, rapidly and quantitatively absorbed by hide 
powder, and it rapidly tans small pieces of sheep-skin, giving a leather which is considerably 
lighter in colour than that obtained with the natural product. 

The properties of the synthetic and the natural product are compared in the following 
table, the colour reactions being identical except where colours are given in parentheses, 
in which case these refer to the natural tannin. Both substances were used in 4% aqueous 
solution, both solutions being light yellow. 


Reagent. Reaction. Reagent. Reaction. 
Alc. FeCl, Dark vivid green colour. Na,SO, Faint green (pink) colour. 
Aq. FeCl, Dark vivid green colour; dark HNO, pteemed, sree brown ppt. 
ppt. on we. CuSO, Faint green colour. 
Gelatin Dirty white ppt. CuSO, + NH, aq. Heavy dark ppt. 
Pb(OAc), Light coloured ppt., sol. in 3 aq. Soln. darkens slowly. 
j HOAc. Ppt. on warming. 
Boiling 5% HCl Soln. darkens to deep red and q. Immediate brown ppt. 
red insol. ppt. separates. K,Fe(CN), +NH,aq. Deep red colour. 
Br, aq. a heavy orange (yel- 
low) p 
Cu(OH), Faint A (pink) colour, light 
red (pink) ppt. 


(I.) 
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EXPERIMENTAL. 


Extraction of Hemlock Tannin.—The crushed and dried bark was extracted with cold water, 
and the filtered aqueous extract treated with salt, the tannin being precipitated as a light- 
coloured amorphous mass. The mixture of tannin and salt was collected, dried, and extracted 
with acetone (Soxhlet), The acetone was removed by evaporation on the water-bath till the 
extract was syrupy; it was now transferred to a vacuum desiccator, and the tannin rapidly 
swelled and dried. It was purified, when necessary, through its lead salt and formed a light red, 
amorphous substance retaining traces of solvents obstinately. 

2:3:4:3' : 4’-Pentahydroxychalkone.—Gallacetophenone tribenzoate (9-6 g.; 1 mol.) and 
protocatechualdehyde dibenzoate (7 g.; 1 mol.) were dissolved in dry ethyl acetate (80 c.c.). 
The ice-cold solution, when saturated with anhydrous hydrogen chloride for 60 hours, became 
yellow, orange, and finally, clear light red. The ethyl acetate was removed by evaporation, 
and the clear red residual syrup boiled with alcohol (50 c.c.), cooled, and the alcohol decanted 
from the light yellow 2:3: 4: 3’ : 4’-pentabenzoyloxychalkone. This was washed with cold 
alcohol, and then crystallised from much alcohol in transparent light yellow nodules, which 
were not definitely crystalline (did not transmit polarised light); m. p. 85° after sintering at a 
lower temperature (Found: C, 72-7; H, 4:1. Cs 9H 3,0,,; requires C, 74:2; H, 4-0%. 
CsoH,,0,,,EtOH requires C, 73-0; H, 445%). It (11 g.) was dissolved with difficulty in 
boiling alcohol (300 c.c.), and to the solution was added dropwise (nitrogen atmosphere) aqueous 
potassium hydroxide (28 g. in 300 c.c.), the alcohol distilling off at an equal rate. The solution 
slowly became clear dark orange-red; after 4 hours, it was cooled in ice, acidified (hydrochloric 
acid), and removed from the nitrogen atmosphere. The precipitated benzoic acid and chalkone 
were collected, and extraction of the filtrate with ethyl acetate, after saturation with sodium 
chloride, yielded a further quantity of chalkone. The chalkone was freed from benzoic acid by 
washing with benzene (Soxhlet), and finally obtained as a deep orange-red, microcrystalline 
solid (3 g.), m. p. 233° (Found: C, 61-9; H, 4-4. C,;H,,0, requires C, 62-5; H, 4-2%). That 
complete hydrolysis had been effected was ascertained by collecting and weighing the benzoic 
acid produced. 

Bis-(7 : 8: 3’ : 4'-tetrahydroxy) flavpinacol_—The above chalkone (2 g.) was dissolved in 
alcohol (60 c.c.), and to the boiling solution was added, portionwise (12 mins.), saturated alcoholic 
hydrogen chloride (3 c.c.) and zinc dust (10 g.). The opaque red solution became clear and 
very light brown but, after filtration, it darkened somewhat; it was cooled rapidly, diluted 
largely with water (300 c.c.), saturated with sodium chloride, and extracted with ethyl acetate 
(60 c.c.). The extract was washed with water till free from halogen (5 x 30 c.c.), dried (sodium 
sulphate), and evaporated several times with acetone to remove most of the ethyl acetate. 
Finally, the hot syrupy residue was dried in a vacuum, the product swelling to a vitreous golden- 
red mass. On grinding, a light red, amorphous solid resulted, which retained traces of solvents 
obstinately and, for analysis, was dried over sodium hydroxide at 110° and 15 mm. for 8 hours 
(Found: C, 62-0; H, 4:55. C39H,,0,, requires C, 62-2; H, 4-5%). 

The following analyses of natural hemlock tannin are added for comparison: Crude natural 
hemlock tannin, extracted as described and dried over sodium hydroxide at 120° and 15 mm. 
for 24 hours (Found: C, 61-7, 62-7; H, 4-9, 5-0%); natural hemlock tannin, purified through 
its lead salt and dried as above (Found: C, 62-1; H, 4-4%); lead (hemlock) tannate (Found : 
Pb, 27-3, 28-2. Calc. for C,,H,,0,,Pb: Pb, 27-6%); methylated hemlock tannin (methyl 
sulphate and alkali) [Found: C, 66-5; H, 6-15; OMe, 31-8, 32-6. Calc. for C,,H,,0,(OMe), : 
C, 66-1; H, 6:1; OMe, 36-0%]. 


One of us (A. R.) is grateful to the Carnegie Trust for a Teaching Fellowship. 
THE UNIVERSITY, GLASGOw. (Received, July 16th, 1934.) 





328. The Epindoline Group. Part I. Trial of Various Methods 
for the Synthesis of Epindolidiones. 
By A. D. AINLEY and ROBERT ROBINSON. 


By epindoline (I) we denote a tetranuclear base, the dihydroxy-derivative of which ‘in its 
y-pyridone form (II) (epindolidione) is not only isomeric with indigotin but might well 
be a congener of that pigment in many of its processes of preparation. 
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This becomes clear on inspection of the annexed schemes, and it was desired to synthesise 
(II) by an unambiguous method in order to compare the properties of the substance with 
those of indigotin. 


N x NH 
(I.) CORIO a is CORIO 2 . e, O 
\NA\2 C3 (II.) 
oor 


co NH Oo NH 
8 @ ws ) 


wai \ ay) a 1 a \cO,H 


ce. Cc NH 
os wes 2 P 
‘\ CY an. — ge 
\nH%  \co,H 


CO OH 
CO OH 


The last-cited reaction provides an analogy for the possible oxidation of indoxyl to 
epindolidione. 

The name epindoline is proposed partly in order to recall this transposition relationship 
with the indigotin series and partly by analogy to quindoline. 

The outcome of the series of experiments herein described is that, although we have had 
to travel a long road, the synthesis of 4: 10-dimethylepindolidione (XXII) has been 
effected and this very sparingly soluble substance is in no respect similar to indigotin in its 
properties. We now intend to review some of the indigo syntheses in order to find out 
whether epindolidione is a by-product. 

The first main method of attack of the problem was based on the idea that N-phen- 
acylisatin should, under the influence of basic catalysts, be capable of isomeric change with 
formation of 2-benzoyl-3 : 4-dihydroxyquinoline (III). Working then with the N-o-nitro- 
phenacylisatin, we should obtain a product which on reduction ought to furnish 
epindolidione by dehydration. 


Bae pe \c. OH (III.) 
ve ° peek nH/\c 


We have incidentally examined members of the isatinacetic acid series (see p. 1512) and, as 
the condensation of sodio-isatin with ethyl chloroacetate proceeded normally, we were 
disposed to think that the product from sodio-isatin and phenacyl bromide was 
N-phenacylisatin. 

As expected, it was easily changed to a pseudo-acidic isomeride by treatment with alkalis 
and actually the transformation occurs in aqueous solution. 

But when the supposed N-o-nitrophenacylisatin was isomerised and reduced, a red 
vat-dye was produced, and this was recognised as indirubin. This observation gave a 
valuable clue and we now regard “ phenacylisatin ’’ as an ethylene oxide derivative (IV) 
which is changed by alkalis to benzoylformyloxindole (V). 

The reactions are analogous to those described by Bodforss (Ber., 1918, 51, 192), who 
condensed benzaldehyde and substituted derivatives with phenacyl bromide in the presence 
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of sodium ethoxide and obtained glycides which could be transposed with the formation 
of diketones. 


—CH-CO-COPh 
~ Oger Ogee 


NH 


The formation of indirubin (VII) from the o-nitrobenzoylformyloxindole (V1) is then readily 
explicable and is an interesting novel synthesis of the colouring matter. 


(VI.) ¢H—-¢CO NO, ¢ NH (VII.) 
cO CO—C,H, CO CO—C,H, 
NH NH 


Nevertheless, it was difficult to get direct confirmation of this theory by the examination 
of (V). Itis rather stable to hydrolytic agents and remarkably resistant towards hydrogen 
peroxide; boiling aqueous sodium hydroxide led to the formation of benzoylformic acid 
and an acid, C,;g,H,,0,N, isomeric with the initial material. This is probably 2-benzoyl- 
indole-3- carboxylic acia (VIII), formed in the following manner : 


H-CO-COPh H: COH __. CO» H 
O CO-COPh \ Orn 
NH H, .% H = (VIIt.) 


Oxindole was not isolated in these experiments, but it was obtained as the result of hydrolysis 
of (V) with a mixture of acetic and hydrochloric acids. On reduction with zinc dust and 
aqueous sodium hydroxide, benzoylformyloxindole yields a dihydro-derivative which must 
be mandeloyloxindole (TX) because it gives a ferric reaction. Some simple processes of 
degradation of this substance to benzaldehyde are mentioned in the experimental section 
and are difficult to understand. 


\40o O N-NHPh 
NH 


NH 


The phenylhydrazone of benzoylformyloxindole is an extraordinary substance; it is 
provisionally formulated as (X) partly because the carbonyl of the benzoyl group appears 
to be the more active (compare the reduction already mentioned) and partly because this 
structure contains a tautomeric system which seems to be required for the explanation of 
the remarkable colour changes in various solutions (see p. 1514). The alternative with the 
phenylhydrazone group in the £-position to the phenyl group possesses, however, one 
advantage in the formal constitutional analogy with the violurates; a further study of this 
problem is contemplated. 

An addition compound of (IV) and alcohol has been isolated, and condensation of (IV) 
with o-phenylenediamine in alcoholic acetic acid solution furnished a substance of the 
probable constitution (XI). Benzoylformyloxindole and o-phenylenediamine gave a base 
(XII) having the expected composition, but the properties of this quinoxaline (?) are 
unusual; the formula hy a possible explanation. 


(XI.) a NE 2 e (XII) 
O hon ag O Phe 
i Nn Nn 
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The parent compound (XIII) of the group to which the substance (IV) belongs has been 
prepared by Arndt, Eistert, and Ender (Ber., 1929, 62, 44) from isatin by interaction with 
diazomethane. 


—CH, (xIV,) 
(XIII.) CO 


NH 


Other products of this reaction, previously studied by Heller (Ber., 1919, 52, 741; compare 
also Ber., 1926, 59, 704) are 2 : 3-dihydroxyquinoline and its 3-methy] ether. 

The next projected line of synthesis was by way of the acid (XIV), which we hoped to 
be able to dehydrate in the desired direction. It seemed possible that o-nitrosobenzoic 
acid or an ester thereof could be condensed with y-ketotetrahydroquinoline and that the 


product might undergo isomeric change. 

This was realised in the condensation of ethyl o-nitrosobenzoate with N-benzoyl- 
4-ketotetrahydroquinoline in alcoholic solution in the presence of potassium carbonate, 
whereby the ester of (XIV) and ethyl benzoate were produced. 


OH 
/CO\C==N-C Hy EtOH NH-C,H, 
y/CHe COE —> x’ Cake 
COPh + Ph-CO,Et 


Unfortunately the ring-closure of (XIV) could not be brought about, a result undoubtedly 
due to the feeble reactivity of the pyridine nucleus. We had anticipated this, but thought 


that the activating substituents might overcome the effect. 
Incidentally the condensation of o-nitrosobenzoic acid and its ester with «-tetralone 
was studied and the naphthaquinone derivatives (XV) and (XVI) were obtained. 


c CO\C.NH-C,H 
oe - °\ CNEL H, AH ae (XVI) 


H CO,Et 
co” N-C,H,CO,H 


Finally we directed attention to the synthesis of an acid of the type (XVII) and placed 
reliance on the synthetic method illustrated. 


OH NH 
$4 CO,H CO i itn OD 


(XVIL.) 


An attempt to enter this route by way of w-anilino-o-nitroacetophenone failed because 
we were unable to condense w-bromo-o-nitroacetophenone with aniline. 

The successful method started with #-chloro-2-amino-5-methylacetophenone (Kunckel, 
Ber., 1900, 33, 2647), which was condensed with ethoxalyl chloride, yielding (XVIII). 
After replacement of the chlorine atom by iodine, a #-toluidine residue could be introduced 
(we used #-toluidine in the interests of symmetry). 


CO-CH,’NH-C,H,Me 


CO-CH,Cl 
M M 
(XVIII) NH-CO-CO,Et (XIX.) 
NH-CO-CO,Et 


The ring closure of (XIX) (Camp’s synthesis) occurred under the influence of boiling 
aqueous alcoholic sodium hydroxide and the acid (XX) was isolated. 
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CO. | NH 
M C 
(XX) “(Yn ath % 4 Me (XXI) 
. nr” \cO,Me 


Esterification of this colourless acid by means of methyl-alcoholic sulphuric acid or by 
means of diazomethane in ethereal solution afforded the yellow methyl ester (probably 
XXI, R=H). Diazomethane acting on a methyl-alcoholic solution of the acid gave a 
yellow dimethyl derivative (probably XXI, R = Me) in which the occurrence of NMe was 
demonstrated. The diacetyl derivative of (XX) is a colourless substance. The ring closure 
of (XX) was first accomplished by successive treatment of the diacetyl derivative with 
thionyl chloride and aluminium chloride, and dimethylepindolidione (XXII) was obtained 
in the course of these experiments. The most satisfactory method is, however, to boil the 
acid (X XI), its methy] ester or its diacetyl derivative with 60% sulphuric acid; the change 


then proceeds smoothly. 
CO NH 
nO \c/ Ox (XXIL) 
e 
nH“”\co 


4 : 10-Dimethylepindolidione is an infusible crystalline yellow substance, best purified 
by sublimation, possessing weakly basic and acidic properties. It resembles a complex 
acridone and is more closely characterised in the experimental section. 


EXPERIMENTAL. 


Ethyl Isatin-N-acetate.—A suspension of isatin (24 g.) in absolute ethyl alcohol (96 c.c.) 
was added to a solution of sodium ethoxide prepared from sodium (3-2 g.) and absolute ethyl 
alcohol (64 c.c.). After filtration, the residue was washed with benzene and added to a solution 
of ethyl bromoacetate (22-5 g.) in dry benzene (140c.c.). The reaction mixture was frequently 
shaken and kept for 12 hours. The residue, after filtration, was washed with water; it crystal- 
lised from ethyl alcohol in golden-yellow needles (11-7 g.), m. p. 129—130° (Found: C, 62-0; 
H, 4-8; N, 6-0. Calc. for C,,H,,O,N: C, 61-8; H, 4-9; N, 6-0%). 

Putochin (J. Russ. Phys. Chem. Soc., 1928, 60, 1179; Centralblait, 1929, I, 998) obtained 
isatin-N-acetic ester by treating sodio-isatin with ethyl chloroacetate in dry benzene solution 
and described this substance as orange-coloured needles, m. p. 114°. We have been unable to 
reproduce these results, probably through some variation in the conditions employed. 

Several attempts were made to effect the isomerisation of isatin-N-acetic ester with formation 
of 2-carbethoxy-3 : 4-dihydroxyquinoline by treatment with alcoholic sodium ethoxide but 
without success. None of the products obtained gave a positive ferric reaction. 

Isatin-N-acetic Acid.—The dark reddish-brown solution of isatin-N-acetic ester (6-4 g.) in 
ethyl alcohol (70 c.c.) and aqueous sodium hydroxide (60 c.c. of 10%) became pale yellow in 
about 2 minutes. After acidification with hydrochloric acid, the reaction mixture was cooled 
and the product collected (5-7 g.); it crystallised from hot water in long reddish-orange needles, 
m. p. 206—207° (Found : C, 53-5; H, 4-2; N, 6-0; lossat 110°, 9-0. Calc. for C,,H,O,N,H,O : 
C, 53-8; H, 4-0; N, 6-3; H,O, 8-0%. Found in dried material: C, 58-8; H, 3-6; N, 7-0. 
Calc. for C,,H,O,N : C, 58-5; H, 3-4; N, 6-8%). 

This product was found to be identical with that obtained by Langenbeck (Ber., 1928, 61, 
942) by the interaction of chloroacetic acid and isatin in the presence of sodium carbonate 
(m. p. and mixed m. p. 206—207°). 

Isatin-N-acetic acid (1 g.) and thionyl chloride (10 c.c.) were refluxed for 3 hours, giving 
an orange-red solution. The excess of thionyl chloride was removed and, on cooling, an orange 
solid was obtained, m. p. 1389—140° with previous softening. This isatin-N-acetyl chloride was 
condensed with aceto-p-toluidide in carbon disulphide solution in the presence of aluminium 
chloride, but no satisfactory product of the reaction other than unchanged isatin-N-acetic acid 
could be isolated. 

Isatylideneacetophenone Oxide (IV).—(A) A solution of sodium (0-8 g.) in ethyl alcohol 

(16 c.c.) was added to isatin (6 g.) suspended in ethyl alcohol (24 c.c.) and the mixture was well 
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shaken and kept for 30 minutes; the alcoholic liquors were then decanted, and the residue 
washed twice with alcohol by decantation. A solution of phenacyl bromide (7-3 g.) in benzene 
(70 c.c.) was added to the alcohol-moist sodio-isatin and the reaction mixture was well shaken 
for 30 minutes at room temperature, its colour gradually changing to buff-brown and sodium 
bromide separating. After 12 hours, the solution was filtered and mixed with a large excess of 
light petroleum (b. p. 40—60°), precipitating a thick oily paste which slowly solidified. 

Crystallisation of this material from alcohol afforded clusters of fine colourless needles, m. p. 
205° (decomp.) (Found : C, 75-6; H, 5-0; N,3-4%). These analytical figures do not correspond 
to any anticipated product of the reaction; they indicate the composition C,H ,,0,,2C,,H,,O;N, 
which requires C, 75-0; H, 4:7; N, 3-6%. 

The benzene-light petroleum mother-liquors were concentrated, and the residual varnish 
rubbed with aqueous alcohol; a solid substance then separated. Many recrystallisations from 
light petroleum (b. p. 100—120°)—ethyl alcohol gave a product, m. p. 161—162°, which occurred 
in almost colourless, hexagonal plates (Found: C, 69-8; H, 5-3; N, 4-9. C,,H,,0,N,C,H,;-OH 
requires C, 69-5; H, 5-5; N, 45%). The alcohol cannot be removed by drying and is probably 
added to the oxide ring of (IV). Treatment with aqueous sodium hydroxide gave benzoyl- 
formyloxindole (below) and ethyl] alcohol (recognised). 

(B) A solution of sodium (3-2 g.) in absolute alcohol (64 c.c.) was added to isatin (24 g.) 
suspended in absolute ethyl alcohol (96 c.c.), the mixture being well shaken to avoid caking. 
The violet-black sodio-isatin was collected, well washed with alcohol and finally with benzene until 
the washings were colourless, and added to a solution of phenacyl bromide (28 g.) in benzene 
(200 c.c.); the solution became warm. The whole was shaken vigorously for 30 minutes and 
kept for 23 hours at room temperature; sodium bromide then slowly separated together with a 
pale yellow crystalline solid. 

The residue obtained after filtration was thoroughly washed with water; it crystallised from 
benzene in thick, pale yellow prisms (14 g.), m. p. 161-5—162° (Found : C, 72-3; H, 4-4; N, 5-0. 
C,,H,,0O,N requires C, 72-5; H, 4:2; N, 5-3%). <A further quantity was isolated from the 
benzene mother-liquors in the form of the compound with ethyl alcohol. This substance (or 
the alcohol addition compound) is reduced by zinc dust, in alkaline solution or in presence of 
dilute hydrochloric acid, with the formation of acetophenone in larger relative amount than from 
benzoylformyloxindole under similar conditions. The reduction and formation of acetophenone 
may also be accomplished by alkaline hydrosulphite. The ferric reaction in alcoholic solution 
is entirely negative. 

Benzoylformyloxindole (IV).—A solution of sodium hydroxide (50 c.c. of 10%) was added to 
a suspension of isatylideneacetophenone oxide (5-7 g.) in alcohol (100 c.c.); the solid rapidly 
dissolved to a dark brown solution, which was boiled for 30 seconds, cooled, diluted with an 
equal volume of water, and acidified with hydrochloric acid. A bright yellow crystalline 
precipitate separated (5-05 g.), and this crystallised from glacial acetic acid in yellow-orange 
clusters of chisel-shaped prisms, m. p. 178-5—179-5° (Found: C, 72-5; H, 4:3; N, 5-4, 
C,,H,,0O,N requires C, 72-5; H, 4-2; N, 5-3%). This substance is insoluble in cold aqueous 
sodium carbonate but dissolves on heating to a pale yellow solution ; its solution in cold aqueous 
sodium hydroxide is paler yellow than the intensely yellow alcoholic solution. Addition of 
ferric chloride to an alcoholic solution gives a deep green coloration which rapidly darkens to 
an opaque greenish-black colour; on addition of water a greenish-black precipitate is thrown 
down. The pale yellow solution in sulphuric acid becomes orange and then bright red on 
heating. 

On coupling with p-nitrobenzenediazonium or p-toluenediazonium salts in alkaline solution, 
orange and yellow alkali-insoluble azo-compounds were produced respectively. The substance 
was not readily oxidised by hydrogen peroxide in acetic acid or aqueous alkaline solution, and 
when heated with concentrated aqueous potassium or sodium hydroxide it was unchanged in a 
short time; sparingly soluble salts separated. 

The oxime was prepared for comparison with the phenylhydrazone; it is pale yellow and 
soluble in aqueous sodium carbonate. 

The phenylhydrazone (X ?) was prepared by gently warming a solution of the components 
in acetic acid for a few minutes until the orange-red tone of the solution had given place to a 
pure permanganate red. Alcohol was then added, and the derivative separated in reddish- 
mauve plates which were recrystallised from acetic acid—alcohol in the same form (Found : 
C, 74-2; H, 4-8; N, 11-9. C,,H,,0,N, requires C, 74-4; H, 4-8; N, 118%). On heating, the 
substance shrinks at 160° and at 165° collapses with decomposition to an opaque viscous tar 
which even appears to harden on further heating and eventually softens above 240° but is not 
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transparent at 340°. The remarkable properties mentioned in the introduction are connected 
with the existence of differently coloured modifications, of which there must be at least three, 
namely yellow, blue or violet, and colourless. Solutions in benzene are almost colourless when 
hot (pale greenish-yellow if concentrated) and become pale bluish-green on cooling; the mauve- 
red substance then crystallises from the solution. 

Solutions in carbon tetrachloride or ethyl ether are also nearly colourless. Solutions in 
methyl alcohol are violet-red ; in ethyl alcohol, reddish-violet ; in isoamy] alcohol, much bluer- 
violet; in cyclohexanol, almost blue. These colorations are very intense and are produced on 
the addition of the appropriate solvent to one of the nearly colourless solutions, for example, in 
benzene. The solution in pyridine is yellow and on dilution with the alcohols the series is 
moved to the red; thus pyridine-isoamy] alcohol is similar to ethyl alcohol alone. Ethyl amyl 
ether and anisole give pale yellow solutions and addition of water or dilute mineral acid to any 
solution (miscible solvent) gives a yellow coloration. The solution in hot ethyl acetate is 
yellowish-green and becomes bluer and more intense on cooling; crystallisation then occurs 
and the solution becomes pale yellow as the mauve-red substance separates. The cold solution 
in ethyl acetoacetate is greenish-blue and it seems possible that the new phenylhydrazone may 
be of utility in the future as a reagent for the study of tautomerism. The solution in benzene 
exhibits a violet-blue fluorescence. Analogous substances are being prepared and an attempt 
will be made to determine the constitution of the compound now described as well as to elucidate 
the cause of its curious behaviour. 

Condensation of Isatylideneacetophenone Oxide with o-Phenylenediamine.——A mixture of 
isatylideneacetophenone oxide (1 g.), o-phenylenediamine (0-9 g.), acetic acid (15 c.c.), and 
alcohol (10 c.c.) was heated on the steam-bath (reflux) for 10 hours and then cooled. A buff- 
yellow solid, precipitated by the addition of water, crystallised from ethyl alcohol in pale 
brownish-yellow, long, thin, rectangular plates, m. p. 200—201° (Found: C, 75-1; H, 5-4; 
N, 11-1. C,,H,,O,N, requires C, 75-2; H, 5-5; N, 10-9%). The constitution (XI) suggested 
for this substance is based on the analytical results and the qualitative recognition of the 
presence of an ethoxy] group. 

Condensation of Benzoylformyloxindole and o-Phenylenediamine.—A mixture of benzoyl- 
formyloxindole (0-5 g.), o-phenylenediamine (0-4 g.), acetic acid (7 c.c.), and alcohol (7 c.c.) was 
gently boiled; the colour gradually changed to crimson and dark maroon-brown needles 
separated. The substance crystallised from isoamy] alcohol in a similar form, m. p. 255° (Found : 
C, 78-0; H, 4-5; N, 12-5. C,,H,,ON, requires C, 78-3; H, 4-4; N, 12-5%). This derivative 
is evidently formed from its generators with the elimination of 2H,O and it has therefore the 
composition of the expected oxindylphenylquinoxaline. The variation (XII) is suggested in 
order to account for the colour of the base and its other somewhat anomalous behaviour. The 
solution in concentrated hydrochloric acid is deep bluish-green (artificial light) and on dilution 
with water the colour is discharged ; on neutralisation the unchanged base is precipitated. The 
solution in isoamy] alcohol is dark maroon in colour. 

Mandeloyloxindole (IX).—When isatylideneacetophenone oxide was reduced by zinc dust 
and hot aqueous sodium hydroxide, acetophenone was liberated; acidification of the alkaline 
solution gave a voluminous crystalline precipitate. This substance crystallised from benzene 
in clusters of colourless needles, m. p. 164—165° (Found in material dried at 105°: C, 71-7; 
H, 5-0; N, 5-0. C,,H,,;0,N requires C, 71-9; H, 4:9; N, 5-2%). The same substance was 
obtained in somewhat improved yield (0-65 g.) and with formation of much less of the by- 
product, acetophenone, from benzoylformyloxindole (1-0 g.), aqueous sodium hydroxide (25 c.c. 
of 10%), and zinc dust (1-0 g.) after boiling for 15 minutes. 

Like benzoylformyloxindole, this substance is very stable towards hot 40% aqueous sodium 
hydroxide; it is not decomposed in a short time at the boiling point and a sparingly soluble 
sodium salt separates. On the addition of ferric chloride to an alcoholic solution an intense 
bluish ivy-green coloration is developed; in aqueous solution the ferric reaction is blackish- 
violet. On boiling with concentrated hydrochloric acid and acetic acid, decomposition occurs 
with the formation of amorphous, sparingly soluble material. 

The evidence for the existence of the tautomeric enolisable system is strengthened by the 
observation that the substance couples with diazonium salts, including diazobenzenesulphonic 
acid, to yellow, orange or red azo-compounds which give benzaldehyde on heating in alkaline 
solution. Another reaction of a similar kind is the following. Bromine, added to a weakly 
alkaline solution of the substance, gives a colourless precipitate; on the addition of sodium 
hydroxide the odour of benzaldehyde is perceptible and becomes strong on heating. 

It is remarkable that this substance is stable to Fehling’s reagent even on boiling; at first 
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this was held to be evidence against the suggested formula, but there appears to be no plausible 
alternative and owing to enolisation the characteristic reducing group may be absent. 

Hydrolysis of Benzoylformyloxindole by Aqueous Sodium Hydroxide.—A solution of benzoyl- 
formyloxindole (3-5 g.) in aqueous sodium hydroxide (35 c.c. of 10%) was refluxed for 6 hours; 
the ferric reaction of a neutralised sample was then found to be negative. The yellow solution 
was acidified with hydrochloric acid and extracted with ether. The ethereal solution was 
washed with water and then with aqueous sodium carbonate, causing the separation of a con- 
siderable amount of a sparingly soluble sodium salt in pale yellow leaflets. This was collected 
and the aqueous alkaline filtrate was acidified with hydrochloric acid; a small amount of oil 
then separated, but nothing of a crystalline nature could be isolated (in preliminary experi- 
ments). Accordingly phenylhydrazine was added, giving a rapid crystallisation of the phenyl- 
hydrazone of benzoylformic acid; this crystallised from aqueous alcohol and from benzene in 
pale yellow needles, m. p. 164—164-5° with evolution of gas (Found: C, 69-9; H, 5-1; N, 11-9. 
Calc. for C,4H,,O,N,: C, 70-0; H, 5-0; N, 11-7%). A specimen prepared from benzoylformic 
acid had the same m. p. and mixed m. p._ A very small quantity of an unidentified crystalline 
substance, possibly a hydroxyquinoline derivative, remained in the ethereal solution. The 
sparingly soluble sodium salt was converted into an acid, which crystallised from acetic acid in 
almost colourless prismatic needles, m. p. 230—231° (decomp.) (Found: C, 72-3; H, 4-2; 
N, 5-3. CygH,,03N requires C, 72-5; H, 4:1; N,5-3%). This acid is sparingly soluble in most 
organic solvents and it gives no ferric reaction in alcoholic solution. 

The composition suggested a hydroxyphenylquinolinecarboxylic acid, and Dr. R. C. Shah 
kindly gave us a specimen of 4-hydroxy-2-phenylquinoline-3-carboxylic acid which did not 
prove to be identical with our acid. An isomeride, namely, 3-hydroxy-2-phenylquinoline- 
4-carboxylic acid, has been obtained by John (J. pr. Chem., 1932, 133, 259) from the initial 
materials of the present investigation, namely, from isatin and phenacyl bromide, by the agency 
of aqueous potassium hydroxide at 100°. The process has only a superficial resemblance to our 
series, as it is essentially a Pfitzinger reaction and the isatin is surely converted into potassium 
isatinate at an early stage. The same acid has been obtained by Bargellini and Berlingozzi 
(Gazzetta, 1923, 53, 3, 369) starting with isatin and phenacylphthalimide; it has m. p. 207° 
and is not identical with our substance. The most probable constitutions on the quinoline basis 
were thus excluded and it then occurred to us that the substance might be 2-benzoylindole- 
3-carboxylic acid (VIII). Although we are unable to prove this rigidly, yet the formation of 
indole on fusion with potassium hydroxide may be accepted as strong confirmatory evidence; 
the indole was recognised by odour and by the usual unmistakable colour reactions. 

Hydrolysis of Benzoylformyloxindole by Acids.—Benzoylformyloxindole (2 g.) was refluxed 
with a mixture of acetic acid (20 c.c.) and concentrated hydrochloric acid (20 c.c.) for 2 hours. 
The product was diluted, neutralised with ammonia, and extracted with ether. The ethereal 
solution was washed successively with dilute aqueous sodium carbonate, aqueous sodium 
hydroxide, dilute hydrochloric acid and water, then dried and evaporated. The oily residue 
soon crystallised (0-6 g.) and was identified with oxindole, m. p. 120° after recrystallisation from 
water (Found: C, 72-1; H, 5-3. Calc. for C,H,ON: C, 72-2; H, 5-3%). The m. p. was not 
depressed on admixture with an authentic specimen. e 

Isatylidene-o-nitroacetophenone Oxide.—(It may be mentioned here that various attempts to 
condense o-nitrophenacyl bromide with methyl anthranilate and even with aniline met with no 
success.) A suspension of isatin (12 g.) in absolute ethyl alcohol (48 c.c.) was added to a solution 
of sodium ethoxide prepared from sodium (1-6 g.) and absolute ethyl alcohol (32 c.c.). The 
whole was vigorously shaken, filtered, and the residue washed twice with alcohol and finally 
with dry benzene until the washings were colourless. Whilst still moist with benzene, the sodio- 
isatin was added to a solution of o-nitrophenacyl bromide (15 g.) in dry benzene (100 c.c.), and 
the mixture well shaken and kept for 22 hours at room temperature. The residue obtained 
after filtration was extracted with water to remove sodium bromide and any unchanged isatin 
and sodio-isatin, and the insoluble portioncrystallised from a mixture of equal volumes of benzene 
and ethyl alcohol (yield, 10-1 g.). The pale yellow prisms had m. p. 207—208° (decomp.) with 
slight previous softening; the actual decomposition point depended, to some extent, on the rate 
of heating (Found : C, 62-0; H, 3-4; N, 9-1. C,gH,O;N, requires C, 61-9; H, 3-2; N, 9-0%). 

o-Nitrobenzoylformyloxindole (V1).—Aqueous sodium hydroxide (15 c.c. of 10%) was added 
to a suspension of isatylidene-o-nitroacetophenone oxide (3 g.) in ethyl alcohol (15 c.c.). The 
resulting dark brown solution was boiled for 30 seconds, cooled, diluted with water (50 c.c.), and 
acidified with hydrochloric acid. A bright orange-yellow solid, m. p. 237° (decomp.), separated, 
and this crystallised readily from acetic acid in orange-yellow prismatic needles, m. p. 239° 

5a 
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(decomp.), varying with the rate of heating. The yield was almost quantitative (Found : 
C, 62-0; H, 3-4; N, 9-0. C,,H,O,;N, requires C, 62-0; H, 3-2; N, 9-0%). The substance is 
sparingly soluble in hot alcohol to a deep orange-yellow solution ; in cold dilute alcohol solution 
the ferric reaction is an intense greenish-brown, blackish-brown on dilution with water. The 
orange-red solution in concentrated sulphuric acid becomes orange-yellow on gentle heating. 

Indirubin (V11).—Without a clear understanding of the true mechanism of the formation 
of this substance a number of experiments were performed on the reduction of isatylidene- 
o-nitroacetophenone oxide which leads to the formation of indirubin under several sets of 
conditions. The yield is better when o-nitrobenzoylformyloxindole is reduced. 

(A) Isatylidene-o-nitroacetophenone oxide (5 g.) was suspended in ethyl alcohol (50 c.c.), 
and concentrated aqueous ammonia (25 c.c., d 0-88) added, giving a dark brown solution, which 
was saturated with hydrogen sulphide at room temperature and kept for 12 hours prior to 
heating on the steam-bath for 15 minutes. A crystalline solid separated (0-6 g.), which crystal- 
lised from boiling nitrobenzene in dark reddish-purple needles, m. p. 345—347°. Sublimation 
commences at 330—335°, giving a red vapour (Found in material dried at 110° ina high vacuum 
over phosphoric oxide: C, 73:1; H, 3-7; N, 11-1. Calc. for CygH,gO,N,: C, 73-3; H, 4-0; 
N, 10-7%). 

The filtrate was diluted with water, reheated, and then cooled; amorphous flocks separated 
and on crystallisation from nitrobenzene gave a further crop of indirubin and, on long standing, 
a blue (? microcrystalline) solid which was not further examined. 

(B) On gently heating a suspension of isatylidene-o-nitroacetophenone oxide with a mixture 
of zinc dust and aqueous ammonium chloride a gradual conversion into a crimson-purple 
precipitate occurred, but this was not indirubin. 

Concentrated aqueous ammonia (d 0-88) was added drop by drop to a boiling suspension of 
isatylidene-o-nitroacetophenone oxide in aqueous ferrous sulphate. There was very little 
immediate reaction as shown by the green precipitate of ferrous hydroxide, but prolonged boiling 
gradually converted the green precipitate into a black deposit. Acidification with hydrochloric 
acid gave a suspension of a dark red-purple powder, which crystallised from nitrobenzene in 
very small needles, identical in appearance with the product previously obtained and showing 
the reactions of indirubin. 

(C) o-Nitrobenzoylformyloxindole on reduction by a variety of methods furnishes indirubin. 
A hot alcoholic solution containing a few drops of concentrated hydrochloric acid was treated 
with an excess of zinc dust, boiled for a few seconds, and the clear liquid decanted. On distill- 
ation of the alcohol indirubin was formed (yield, 70%) and recognised by comparison with an 
authentic specimen. 

In connection with the recognition of indirubin, the gradual formation of indigotin in the 
vat is useful; it may be added that its dilute amyl-alcoholic solution is permanganate-red and 
that characteristically coloured zones are produced when this solution is allowed to rest on 
concentrated sulphuric acid. 

3-(0-Carboxyphenylamino)-4-hydroxyquinoline (XIV).—Condensation of N-benzoyl-4-keto- 
tetrahydroquinoline (Clemo and Perkin, J., 1924, 125, 1617) with o-nitrosobenzoic acid did not 
ogcur in acetic anhydride or hot acetic acid solution, but under the influence of aqueous alcoholic 
sodium hydroxide a small amount of the product described below was obtained. Better results 
followed from the employment of ethyl o-nitrosobenzoate, but here again a mixture of acetic acid 
and acetic anhydride was useless as a medium for the condensation. 

(A) A mixture of ethyl o-nitrosobenzoate (1-0 g.) and N-benzoyl-4-ketotetrahydroquinoline 
(1-5 g.; 1 mol.) was heated at 100° for 25 minutes; it fused to a green liquid which gradually 
became brown. After cooling, the reaction product was stirred with alcohol; the solid obtained 
(1-2 g.) crystallised from ethyl] alcohol in needles, m. p. 99-5—100-5° (depressed on admixture 
with either of the reactants) (Found: C, 67-3; H, 5-3; N, 7-2. C,,H.O;N, requires C, 67-3; 
H, 5-1; N,7-1%). The formula cited does not conform with anticipated products. 

This substance is freely soluble in benzene, sparingly soluble in light petroleum, insoluble in 
aqueous acids and alkalis; it dissolves in boiling water, a white solid, m. p. 106—109°, separating 
on cooling, the m. p. being only a little depressed on admixture with ethyl o-nitrosobenzoate. 
On solution in benzene and addition of light petroleum (b. p. 40—60°) a pale buff crystalline 
solid was deposited, m. p. 99—100° to a green liquid. This substance gave an intense green 
coloration with concentrated sulphuric acid and phenol and apparently contains a nitroso-group. 

(B) A mixture of N-benzoyl-4-ketotetrahydroquinoline (2 g.), ethyl o-nitrosobenzoate 
(1-4 g.), ethyl alcohol (40 c.c.), and sodium carbonate (2 g.) was refluxed for 11 hours and kept 
at room temperature overnight. The separated solid product was washed with dilute hydro- 
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chloric acid in order to remove sodium carbonate; it then crystallised from acetic acid in colour- 
less prismatic needles (0-3 g.), m. p. 253-5—254° (Found: C, 69-5; H, 4:4; N, 9-5. 
C1gH,,.O3N2,C,¢H,20,N, requires C, 69-4; H, 4-7; N, 9-5%). This substance is evidently a 
compound of the acid and its ester described below. 

The acetic acid mother-liquors were diluted with water and the precipitate was stirred with 
sodium carbonate solution and filtered. The insoluble neutral portion crystallised from ethyl 
alcohol in clusters of colourless prismatic needles, m. p. 274-5—275°, and consisted of 3-0-carbeth- 
oxyphenylamino-4-hydroxyquinoline (Found: C, 70-1; H, 5-2; N, 8-8. C,,H,,O,N, requires 
C, 70-1; H, 5-2; N, 9-1%). 

Acidification of the sodium carbonate extract with acetic acid precipitated 3-0-carboxyphenyl- 
amino-4-hydroxyquinoline, which crystallised from ethyl alcohol in long thin plates, m. p. 255° 
(decomp.) (Found : C, 68-5; H, 4-6; N,9-9. C,,H,,0,N, requires C, 68:6; H, 4-3; N, 10-0%). 

The formation of ethyl benzoate was confirmed under the following conditions. A mixture 
of N-benzoyl-4-ketotetrahydroquinoline (2 g.), o-nitrosobenzoic ester (1-4 g.), absolute alcohol 
(40 c.c.), and anhydrous potassium carbonate (2 g.) was refluxed for 24 hours, although the 
reaction appeared to be completed in a few minutes as indicated by the immediate separation 
of a yellow solid and the development of an orange-brown solution and no detectable subsequent 
change. The alcoholic filtrate had a strong odour of ethyl benzoate, and this substance was 
isolated by means of ether and later by extraction with light petroleum. On hydrolysis it 
afforded benzoic acid (0-2 g.). The ring closure of the acid (XIV) was attempted under varied 
conditions such as heating at 260°, boiling with acetic anhydride, heating with acetic anhydride 
and sulphuric acid, keeping a mixture with fuming sulphuric acid (20% oleum) at room tem- 
perature, successive treatment with thionyl chloride and stannic chloride, heating with stannic 
chloride, heating with zinc chloride and heating with phosphoryl] chloride, but in no case did the 
reaction succeed. In the light of our later acquired knowledge of the properties of dimethyl- 
epindolidione, some of these experiments were repeated, but no trace of epindolidione was 
isolated. On boiling with 60% sulphuric acid the yellow solution became crimson (green in 
thin layers) and then dull, intense green. 

2-0-Carbethoxyphenylamino-a-naphthaquinone (XV).—A mixture of a-tetralone (2 g.), ethyl 
o-nitrosobenzoate (2-45 g.), potassium carbonate (2 g.), and ethyl alcohol (40 c.c.) was refluxed 
for2hours. The solids were collected, shaken with water (20 c.c.), then filtered (A), and washed 
until the filtrate was colourless. The dark green residue (0-7 g.) dissolved partly in hot acetic 
acid, and the solution deposited dark green needles, m. p. above 280° (Found : C, 69-4; H, 4-5; 
N, 4:3. C,,H,;0,N,0-5H,O requires C, 69-1; H, 4:8; N, 4:2%). Acidification of the filtrate 
(A) with hydrochloric acid gave a dark red-purple precipitate (0-5 g.), which crystallised from 
acetic acid in slender maroon needles, m. p. 244° (decomp.). This was identical with the main 
product of a previous experiment in which sodium carbonate was used as condensing agent 
(Found: C, 64-6; H, 4-4; N, 6-5. C.4H,,0;N,,2H,O requires C, 64-3; H, 4:5; N, 6-3%). 
The substance is acidic and gives a yellow vat with alkaline sodium hydrosulphite. Its alkaline 
solutions are blood-red and the solution in sulphuric acid is intense dull crimson. 

w-Chloro-2-ethoxalylamino-5-methylacetophenone (XVIII).—w-Chloro-2-amino-5-methylaceto- 
phenone (Kunckel, Ber., 1900, 33, 2647) (13-6 g.) was dissolved in boiling ether (11.), and ethoxaly] 
chloride (11-6 g.; 1 mol.) slowly added in small amounts at a time and with good shaking. The 
mixture was kept for 1 hour and filtered, and the ether distilled. The residue of w-chloro-2-ethox- 
alylamino-5-methylacetophenone (16-4 g.) crystallised from ethyl alcohol in long, thin, monoclinic 
plates, m. p. 144—144-5° (Found: C, 54-9; H, 5-1; N, 5-1. C,3;H,,O,NCI requires C, 55-0; 
H, 5-0; N, 5-0%). 

p-T olylamino-2-ethoxalylamino-5-methylacetophenone (XIX).—Sodium iodide (4 g.; 1 mol.) 
was dissolved in acetone (70 c.c.), w-chloro-2-ethoxalylamino-5-methylacetophenone (6-4 g.) 
added, and the mixture shaken until the separation of sodium chloride appeared to be complete. 
After the addition of p-toluidine (5-0 g.; 2 mols.), the mixture was refluxed for 10 minutes, the 
liquid becoming brown with the separation of an orange-yellow solid. The brown oil which 
separated on pouring into water (200 c.c.) gradually solidified; crystallisation of this product 
from ethyl alcohol gave w-p-tolylamino-2-ethoxalylamino-5-methylacetophenone (2-5 g.), which 
crystallised from ethyl alcohol in clusters of yellow needles, m. p. 140-5—141° (Found : C, 67-9; 
H, 6-4; N, 7-7. Cz9H..0O,N, requires C, 67-8; H, 6-2; N, 7-9%). 

2-Carboxy-3-p-tolylamino-4-hydroxy-6-methylquinoline (XX).—Aqueous sodium hydroxide 
(6-0 c.c. of 40%) was added to a suspension of w-p-tolylamino-2-ethoxalylamino-5-methylaceto- 
phenone (2-4 g.) in a boiling mixture of ethyl alcohol (70 c.c.) and water (35 c.c.), and the mixture 
was refluxed for 2 hours. Addition of the caustic soda solution caused the production of an 
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orange-red tinge which rapidly disappeared with the development of a yellowish-green colour. 
After evaporation of the alcohol the residue was cooled, a little tar removed, and the filtrate 
just acidified with hydrochloric acid; a bright yellow solid was first precipitated, but this soon 
became pale yellowish-grey (1-9 g.). 2-Carboxy-3-p-tolylamino-4-hydroxy-6-methylquinoline 
crystallised from aqueous acetic acid in long, thin, colourless plates, m. p. 237—-238° (decomp.) 
(Found: C, 70-1; H, 5-2; N, 9-4. C,,H,,O,N, requires C, 70-1; H, 5-2; N,9-1%). A brown 
coloration is developed on the addition of ferric chloride to an alcoholic solution. 

2-Carbomethoxy-3-p-tolylamino-4-keto-6-methyl-1 : 4-dihydroquinoline (XXI, R = H).—(A) 
2-Carboxy-3-p-tolylamino-4-hydroxy-6-methylquinoline (0-5 g.) along with methyl alcohol 
(20 c.c.) containing 10% by weight of concentrated sulphuric acid was refluxed for 1} hours; 
it then dissolved rapidly to a dark brown solution. The greater part of the methyl alcohol was 
evaporated, the residue cooled, and water (2 vols.) added, a yellowish-brown solid being deposited. 
Crystallisation from methyl alcohol afforded small, bright yellow plates, m. p. 230° (decomp.) 
(0-3 g.) (Found: C, 71-0; H, 5-6. C,,H,,0,N, requires C, 70-8; H, 5-6%). 

The m. p. of this ester was not depressed in a mixture with the product obtained from the 
action of diazomethane on the acid in ethereal solution (see below), but was depressed to 215° 
in a mixture with the product obtained from the action of diazomethane in methyl alcohol. 

Hydrolysis of the ester (0-1 g.) with boiling methyl alcohol (5 c.c.) and aqueous sodium 
hydroxide (5 c.c. of 10%) caused almost complete loss of the bright yellow colour; acidification 
of the cooled liquid with hydrochloric acid precipitated 2-carboxy-3-p-tolylamino-4-hydroxy- 
6-methylquinoline, m. p. and mixed m. p. 237—238° (decomp.). 

(B) An ethereal solution of diazomethane (15 c.c. containing 0-35 g. CH,N,; 3 mols.) was 
added to a suspension of 2-carboxy-3-p-tolylamino-4-hydroxy-6-methylquinoline (0-75 g.) in 
dry ether (10 c.c.) with cooling in melting ice. Evolution of nitrogen occurred slowly and 
orange-coloured crystals were deposited; the reaction was complete after 22 hours. 2-Carbo- 
methoxy-3-p-tolylamino-4-keto-6-methyl-1 : 4-dihydroquinoline (0-57 g.) was obtained; it crystal- 
lised from aqueous methyl alcohol in long, thin, bright orange, monoclinic prisms, m. p. 227— 
228° (decomp.) (Found : C, 70-2; H, 5-7; N, 8-6; MeO, 10-3; MeN, 0-0. C,,H,,0,N, requires 
C, 70-8; H, 5-6; N, 8-7; MeO, 9-9%). This ester was insoluble in dilute aqueous sodium 
hydroxide and gave no ferric reaction in alcoholic solution. 

(C) A solution of diazomethane (from 2 g. of nitrosomethylurethane; ca. 3 mols.) in ether 
was slowly added to a suspension of 2-carboxy-3-p-tolylamino-4-hydroxy-6-methylquinoline 
(1 g.) in absolute methyl] alcohol (25 c.c.). Vigorous evolution of nitrogen occurred during the 
addition, together with almost complete solution of the acid. After keeping for 3} hours at 
room temperature the yellow solid (0-35 g.) was collected and after crystallisation from methy] 
alcohol proved to be identical with the ester obtained in the previous preparations. The 
ethereal methyl-alcoholic filtrate was concentrated to a small bulk; small ochre-yellow prisms 
then separated (ca. 0-05 g.). This substance was freely soluble in methyl and ethyl 
alcohols and in chloroform ; it was soluble in hot benzene but sparinglysoluble in the cold solvent, 
crystallising in short, thick, ochre-yellow prisms, m. p. 246° (Found: C, 71-2; H, 6-1. C.9H.. O,N, 
requires C, 71-4; H, 60%). The presence of both methoxyl and methylimino-groups was 
demonstrated and thus it appears that this substance is 2-carbomethoxy-3-p-tolylamino-4-keto- 
1 : 6-dimethyl-1 : 4-dihydroquinoline (XXI, R=Me). It is jnsoluble in aqueous alkalis and gives 
no ferric reaction in alcoholic solution. 

2-Carboxy-3-p-tolylacetamido-4-acetoxy-6-methylquinoline.—Acetyl chloride (2 c.c.) was 
gradually added to 2-carboxy-3-p-tolylamino-4-hydroxy-6-methylquinoline (2 g.) in pyridine 
(12 c.c.) with cooling when necessary; a pale brown solid separated. After keeping for 30 
minutes at room temperature the mixture was added to an excess of dilute hydrochloric acid, 
the pale cream solid was collected, shaken for 3 hours with aqueous sodium carbonate solution, 
in which it dissolved very slowly, and filtered from a little brown insoluble material, and the 
filtrate acidified with dilute hydrochloric acid. The almost white solid which was precipitated 
was moderately readily soluble in hot ethyl alcohol and acetic acid and very sparingly soluble 
in the cold, but showed a tendency to separate inanamorphousform. Slow cooling of a solution 
in hot acetic acid furnished very small, short, colourless prisms (1-9 g.), m. p. 217° (decomp.) 
(Found: C, 65-8, 65-8; H, 5-4, 5:3; N, 7-2. C,.H.O;N,,0-5H,O requires C, 65-8; H, 5-5; 
N, 7-0%). 

4: 10-Dimethylepindolidione (XXII).—(A) Thionyl chloride (2 c.c.) wasadded to a suspension 
of 2-carboxy-3-p-tolylacetamido-4-acetoxy-6-methylquinoline (0-2 g.) in chloroform (5 c.c.); 
almost complete solution occurred in the cold and a small amount of a brown flocculent solid 
was formed. Gentle heating under reflux for 3 hours produced an intense green colour, which 
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gradually changed todark brown, The excess of chloroform and thionyl chloride was evaporated 
in a vacuum, leaving a brown glassy residue which contained chlorine. This was dissolved in 
nitrobenzene (10c.c.), aluminium chloride (0-5 g.) added, and the whole kept at room temperature 
for 24 hours, an intense red-brown coloration developing. Decomposition of the reaction mixture 
with ice and hydrochloric acid and removal of the nitrobenzene in steam left a dark brown, 
somewhat tarry residue, which, after extraction with warm ethyl alcohol, afforded a brick-red, 
nearly insoluble and infusible product. This material sublimed to give a dark brick-red micro- 
crystalline sublimate (vapour also brick-red) with some decomposition (Found : C, 70-8; H, 4-8. 
C..H,,0,N, requires C, 70-6; H, 4-8%). It would appear that this substance is a diacetyl 
derivative of dimethylepindolidione. 

(B) 2-Carboxy-3-p-tolylacetamido-4-acetoxy-6-methylquinoline (1-85 g.) was suspended in 
chloroform (30 c.c.), thionyl chloride (2 c.c.) added, and the whole heated on the steam-bath for 
4 hours. Removal of the excess of thionyl chloride and chloroform in a vacuum gave a dark 
brown residue, which was dissolved in nitrobenzene (20c.c.), aluminium chloride (1-5 g.) added, 
and the whole kept at room temperature for 18 hours. Decomposition of the reaction mixture 
with ice and hydrochloric acid and removal of the nitrobenzene in steam left an almost black, 
somewhat tarry, product which became brittle when cold. A brown product (0-95 g.), obtained 
after extraction of the tarry matter with hot ethyl alcohol, was completely insoluble in aqueous 
sodium carbonate and very sparingly soluble in the ordinary organic solvents, but it sublimed 
in brown plates (red tinge absent from this specimen). The greater part was sublimed at 
270—300° /0-001 mm., giving a dark brown sublimate, maroon-red with a green reflex by trans- 
mitted light, which was not definitely crystalline under the microscope (Found : C, 68-4; H, 5-1; 
N, 8-6. C.9H,,0,;N.,H,O requires C, 68-6; H, 5-1; N, 80%). The analyses in this case point 
to a hydrated monoacetyl derivative and it is reasonable to suppose that during the steam 
distillation an acetoxy-group suffered hydrolysis. 

(C) The alcohol-insoluble residue obtained in (B) was suspended in 60% sulphuric acid 
(5 c.c.) and heated at 130° for 2 hours, the mixture diluted with water and filtered, and the 
product dried and sublimed under atmospheric pressure. This substance gave an orange-green 
vapour and sublimed in long, thin, rectangular plates, which were orange-brown by transmitted 
light and red-brown by reflected light (Found: C, 75-1; H, 5-0. C,,H,,0,N, requires C, 74-5; 
H, 4-8%). The properties of this specimen agree closely with those of the specimens obtained as 
in (D), which we regard as the standard preparation. The slightly high value for the carbon 
content is doubtless due to carbonisation which cannot be entirely avoided at the high 
temperature required for sublimation. 

(D) A mixture of 2-carboxy-3-p-tolylamino-4-hydroxy-6-methylquinoline (0-5 g.) and 60% 
sulphuric acid (10 c.c.) was boiled gently for 2—3 minutes and cooled. Bright yellow, minute, 
rectangular plates separated (0-35 g.) and the acid filtrate, diluted with water, deposited a brown 
precipitate (0-1 g.) which on sublimation gave pale yellow crystals identical with those that 
separated directly. The sublimed product was orange when hot and yellow when cold (Found : 
C, 74-9; H, 4-9; N, 9-8. C,,H,,0,N, requires C, 74-5; H, 4-8; N, 9-7%). 

(E) A mixture of 2-carboxy-3-p-tolylacetamido-4-acetoxy-6-methylquinoline (0-5 g.), 
sulphuric acid (5 c.c.), and watér (5 c.c.) was boiled gently for 2—3 minutes. The almost colour- 
less solution slowly became red with a green fluorescence and the odour of acetic acid was 
observed. The crystalline deposit that separated on cooling was collected and well washed 
with water and alcohol (yield, 0-34 g., and 0-1 g. on dilution of the mother-liquor) (Found : 
C, 72-6; H, 4:9; N, 9-4, 9-4. C,,H,,0,N,,0-5H,O requires C, 72-3; H, 5-0; N, 93%). On 
sublimation in a high vacuum the yellowish-green vapour condensed in rectangular plates, which 
were orange when hot and bright yellow when cold (Found : C, 74:7; H, 5-0%). This sublimed 
product is identical with the similarly purified substance obtained as in (D), but the original 
material may contain some monoacetyl derivative. Thus the crude specimen obtained in this 
way showed one small divergence from that derived from the unacetylated acid; from acetic 
acid containing sulphuric acid it crystallised more readily and completely in clusters of micro- 
scopic prismatic needles. The question as to the content of acetylated substance must be left 
open. 

4: 10-Dimethylepindolidione is insoluble in boiling alcohol, isoamyl alcohol, ethyl acetate, 
benzene, acetic acid, acetone, nitrobenzene, and chlorobenzene and very sparingly soluble in 
boiling pyridine. It may be crystallised in yellow, fibrous, microscopic, prismatic needles by 
extraction with pyridinein a Soxhletapparatus. Itis sparingly soluble in boiling quinoline and 
separates on cooling in minute, brownish-yellow, thin, rectangular plates that show characteristic 
twinning with the formation of paddle-shaped aggregates. 
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The solution in alcoholic potassium hydroxide is yellow and exhibits an intense yellowish- 
green fluorescence; the potassium salt separates as a crimson powder when a hot saturated 
solution is cooled. On the addition of water the salt is completely hydrolysed and the original 
substance separates as a yellow precipitate. The salmon-red solution in sulphuric acid exhibits 
an intense green fluorescence. The basic properties are shown by increased solubility in acetic 
acid in the presence of sulphuric acid; the salt is at once decomposed on the addition 
of sufficient water. By using a little sulphuric acid, the mixed solvent may be employed for 
purposes of recrystallisation, the orange-yellow microscopic plates being washed with acetic 
acid and alcohol and dried at 130° (Found: C, 74:6; H, 50%). The substance cannot be 
reduced by means of alkaline hydrosulphite even in the presence of pyridine or alcohol. 

The addition of zinc dust to a boiling suspension in pyridine-acetic dcid induces solution and 
decolorisation; the liquid quickly becomes brownish-orange with a green fluorescence on 
exposure to air and acidification with hydrochloric acid produces a bright red coloration. If the 
liquid is acidified before aeration, no such coloration is produced. 

Further experiments in this field are in progress. 
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329. “Altempts to find New Antimalarials. Part XI. Some 
Aminoalkylarylquinoline Derivatives. 


By F. C. MATHUR and ROBERT ROBINSON. 


THE plan in this section of the work was to prepare aminoalkylaminophenyl and amino- 
alkylaminostyry] derivatives of quinoline in order that their antimalarial properties might 
be studied. 

A few such salts have been obtained by applications of known methods. 2-m-Amino- 
phenyl-6-methoxyquinoline has been condensed with phthalo-y-bromopropylimide, and 
the product hydrolysed, yielding the salt (I). In order to remove the aryl group farther 
from the quinoline nucleus we next treated 2-f-aminostyrylquinoline in a similar fashion 


Me NH-[CH,],"NH;,3HC1 
wX > \y/CHCHEN H-[CH,},"NH,,3HCI 


(I.) (II.) 


and obtained (II). The 6-methoxy-derivative of this salt was also obtained and the work 
was extended to some analogous examples in the cinnamylidenequinaldine group. 


EXPERIMENTAL. 

2-m-Nitrophenyl-6-methoxyquinoline-4-carboxylic Acid.—A mixture of p-anisidine (36 g.), 
m-nitrobenzaldehyde (31 g.), pyruvic acid (22 g.), and absolute ethyl alcohol (150 c.c.) was 
refluxed for 4 hour and cooled, and the white crystalline acid collected (yield, 95%). The 
substance was purified by solution in alcoholic potassium hydroxide and reprecipitation and by 
recrystallisation from acetic acid; it formed cream-coloured micro-needles, m. p. 268—269° 
(Found: C, 62-5; H, 3-5. C,,H,,O;N, requires C, 63-0; H, 3-3%). This very sparingly 
soluble acid could not be decarboxylated by heating alone, or with glycerol, or dimethylaniline. 

2-(m~y-Phthalimidopropylaminophenyl)-6-methoxyquinoline.—Equivalent quantities of 2- 
(m-aminopheny])-6-methoxyquinoline [Kinkelin and Miller, Ber., 1887, 20, 1919. The yield 
obtained by these authors was 15—18% and this can be approximately doubled by working up 
a mixture of nitrocinnamaldehyde (75 g.), anisidine (50 g.), and concentrated hydrochloric acid 
(80 g.) that has been heated at 180° for 6 hours] and phthalo-y-bromopropylimide were heated 
together at 120—130° for 2 hours. The red solid obtained was powdered, washed with benzene, 
and crystallised from alcohol, forming dark red needles (yield 60%), m. p. 202—203° (Found : 
C, 62-5; H, 4-4; N, 8-0. C,,H,,;0,;N;,HBr requires C, 62-5; H, 4:6; N, 8-1%). This hydro- 
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bromide was triturated with aqueous ammonia; the base crystallised from alcohol in long white 
needles, m. p. 149—150° (Found: C, 74-1; H, 5-4; N, 9-3. C,,H,,0,;N, requires C, 74-1; 
H, 5:3; N, 9-6%). 

2-(m-y-A minopropylaminophenyl)-6-methoxyquinoline Hydrochloride (1).—The foregoing sub- 
stituted phthalimide (2 g.) was powdered, suspended in boiling alcohol (40 c.c.), and hydrazine 
hydrate (0-25 g. of 95%) added. After refluxing for 2 hours the alcohol was removed and the 
residue heated on the steam-bath for 15 minutes with an excess of dilute hydrochloric acid. 
The filtered liquid was basified and extracted with chloroform, and the hydrochloride precipitated 
from the dried extract by means of hydrogen chloride. The salt crystallised from alcohol—ether 
in light brown plates, m. p. 240—241° (yield, 80%) (Found: C, 51-8; H, 6-5; N, 9-6; Cl, 23-8. 
C,,H,,ON;,3HCI,1-5H,O requires C, 51-5; H, 6-8; N, 9-5; Cl, 24-:0%). The substance is 
hygroscopic and. sparingly soluble in ethyl alcohol. A specimen was dried in a vacuum over 
phosphoric oxide at 110° (Found: C, 54-4; H, 6-0; N, 9-9. C,gH,,ON;,3HCI requires C, 54-7; 
H, 5-7; N, 10-1%) (R50 in the series for biological tests). 

2-(0-Nitrophenyl)-6-methoxyquinoline—A mixture of o-nitrocinnamaldehyde (15 g.), p- 
anisidine (19 g.), and concentrated hydrochloric acid (30 g.) was heated (oil-bath at 160°) for 
5hours. The resulting black mass was extracted with a mixture of ethyl alcohol (100 c.c.) and 
concentrated hydrochloric acid (100 c.c.), and the solution basified. The solid was collected, 
powdered, mixed with sand, and extracted with benzene, from which the base crystallised in long, 
light yellow needles, m. p. 133—134° (yield, 38%) (Found: C, 68-6; H, 4-6; N, 9-9. 
C,,H,,0,N, requires C, 68-6; H, 4-3; N, 10-0%). 

2-(0-A minophenyl)-6-methoxyquinoline.—A solution of crystallised stannous chloride (8 g.) 
in concentrated hydrochloric acid (10 c.c.) was added to the nitro-compound (2 g.), dissolved 
in glacial acetic acid (25 c.c.), and the whole was boiled for 10 minutes, cooled, made alkaline, 
and extracted with chloroform. The base so isolated crystallised from ethyl acetate and then 
from benzene as cream-coloured needles, m. p. 158—159° (Found: C, 76-6; H, 5-5; N, 11-5. 
C,,H,,ON, requires C, 76-8; H, 5-6; N, 11-2%). 

2-p-Nitrobenzylidene-6-methoxyquinaldine.—A mixture of 6-methoxyquinaldine (compare 
Browning, Cohen, Ellingworth, and Gulbransen, Brit. Med. J., 1923, II, 326) (25 g.), p-nitro- 
benzaldehyde (22 g.), and acetic anhydride (10 c.c.) was heated (oil-bath at 120—130°) for 3 
hours. After cooling, the yellow solid was collected, washed, and crystallised from alcohol, 
forming long yellow needles, m. p. 165—166° (yield, 75%) (Found: C, 70-6; H, 4-6; N, 9-1. 
C,gH,,4O,N, requires C, 70-6; H, 4-6; N, 9-2%). The base is sparingly soluble in the common 
organic solvents when cold, readily soluble in the hot media. 

2-p-A minobenzylidene-6-methoxyquinaldine.—(A) A solution of the nitro-derivative (10 g.) 
in glacial acetic acid (300 c.c.) was mixed with crystallised stannous chloride (18 g.) in concen- 
trated hydrochloric acid (25 c.c.) and boiled for } hour. The stannichloride, which separated in 
long yellow needles on cooling, was collected and treated with aqueous alkali, and the base ex- 
tracted with chloroform. On passage of dry hydrogen chloride into the dried solution the 
hydrochloride was obtained as a light yellow solid. The free base crystallised from aqueous 
alcohol in clusters of yellow needles, m. p. ca. 162—165° (decomp.) with gradual softening from 
130° [Found : C, 73-7, 73-7; H, (5-3), 6-1; N, 9-6. C,,H,,ON,,H,O requires C, 73-5; H, 6-1; 
N, 95%]. (B) As the yield in (A) was not satisfactory, the nitro-derivative (10 g.) was also 
reduced by means of iron and a little concentrated hydrochloric acid in hot alcoholic solution 
(West, J., 1925, 127, 494); the yield of pure base was 60%. 

2-p-y-Phthalimidopropylaminostyryl-6-methoxyquinoline,—2-p-Aminobenzylidene-6-methoxy- 
quinaldine (7 g.) and phthalo~y-bromopropylimide (9 g.) were heated together at 110—120° for 
3 hours and the resulting solid was powdered and washed with benzene. On repeated crystall- 
isation from alcohol it was obtained as dark reddish-brown needles, m. p. 241° (Found : N, 7-6. 
C,,H,,0,N;,HBr requires N, 7-7%). This hydrobromide is sparingly soluble in cold alcohol, 
methyl alcohol or acetone and insoluble in benzene. 

The hydrobromide was made into a thin paste with aqueous sodium hydroxide and after } 
hour the base was collected and washed; as it still contained bromine, it was suspended in 
chloroform and vigorously shaken with excess of aqueous ammonia. The chloroform solution 
was washed, dried over potassium carbonate, and concentrated; the base then crystallised on 
addition of light petroleum. Recrystallisation from alcohol furnished bright golden-yellow 
plates, m. p. 191—192° (Found: C, 75-2; H, 5-4; N, 9-0. (C,.H,,O,N, requires C, 75-2; 
H, 5-4; N, 9-1%). 

2-(p-y-A minopropylaminostyryl)-6-methoxyquinoline.—A suspension of the phthalimido-base 
(4 g.) in absolute alcohol (100 c.c.) was boiled for 2 hours after the addition of hydrazine hydrate 
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(5 c.c. of 95%). After removal of the alcohol and digestion with dilute hydrochloric acid the 
free base was isolated; it crystallised from 50% alcohol in golden-yellow plates, m. p. 156° 
(Found: C, 71-5; H, 7-1; N, 11-6. C,,H,,ON;,H,O requires C, 71-8; H, 7-1; N, 11-9%. 
Found in material dried over phosphoric oxide at 110° ina high vacuum: N, 12-5. C,,H,,ON, 
requires N, 12-6%). It is freely soluble in alcohol and becomes red on exposure to air. Its 
dilute acid solutions are brilliant red, but it gives yellow solutions in concentrated acids. 

The base (1 g.) was dissolved in absolute methy] alcohol (20 c.c.) and dry hydrogen chloride 
was passed until the colour, which at first was dark red, became bright yellow. On cooling, the 
hydrochloride crystallised in yellow needles, m. p. 222—223°, which were hygroscopic and freely 
soluble in water (Found : C, 49-8; H, 6-6; N, 7-7; Cl, 21-8. C,,;H,,;ON;,3HCI1,3-5H,O requires 
C, 49-8; H, 6-5; N, 8-4; Cl, 21-7%. Found in a specimen dried at 110° in a high vacuum : 
C, 56-7; H, 6-1; N, 9-3; Cl, 23-9. C,,H,,ON;,3HCI requires C, 56-9; H, 5-9; N, 9-5; Cl, 
24-1%) (R59). 

2-(p-y-Phthalimidopropylaminostyryl)quinoline.—The method of Bulach (Ber., 1889, 22, 
285) for the reduction of p-nitrobenzylidenequinaldine was not found convenient and an 80% 
yield was obtained by applying West’s method (oc. cit.). 2-p-Aminostyrylquinoline (5 g.) and 
phthalo-y-bromopropylimide (4-5 g.) were heated at 110—120° for 3 hours. After cooling, the 
hydrobromide was finely powdered and washed with hot benzene. The dark reddish-brown 
residue (yield, about 70%) was very sparingly soluble in most solvents and crystallised from 
acetic acid in dark red, microscopic needles, m. p. 248—249° (Found: N, 8-1. C,,H,,0,N;,HBr 
requires N, 8-2%). This salt was suspended in cold aqueous ammonia for 2 hours, and 
the base collected, washed, and dried; it crystallised from alcohol in golden needles, m. p. 
175—176° (Found : C, 77-3; H, 5-3; N, 9-8. C,,H,,;0,N; requires C, 77-5; H, 5-3; N, 9-7%). 

2-(p-y-A minopropylaminostyryl)quinoline.—2 - p-y- Phthalimidopropylaminostyrylquinoline 
(5-3 g.) was hydrolysed with hydrazine hydrate (2-5 g. of 95%), and by following the usual 
procedure an 85% yield of the hydrochloride was obtained. It was crystallised by saturating 
a solution in absolute methyl alcohol with dry hydrogen chloride. Repeated crystallisations 
furnished long, dark red needles which blackened at 150°, m. p. 269—276° (decomp.), easily 
soluble in water and sparingly soluble in alcohol (Found: C, 54-9; H, 6-4; N, 9-9; Cl, 23-6. 
C.9H,,N;3,3HCI,1-5H,O requires C, 54-6; H, 6-1; N, 9-6; Cl, 24-2%. Found in dried material: 
C, 57-9; H, 6-0; N, 10-1. C,9H,,N;,3HCl requires C, 58-2; H, 5-8; N, 10-2%) (R57). 

The hydrochloride was treated with aqueous sodium hydroxide and when the original dark 
red colour had changed to pure yellow (ca. 30 minutes) the base was isolated ; it crystallised from 
50% alcohol in long golden-yellow needles, m. p. 141—142°, becoming red when exposed to 
air, and soluble in the usual organic solvents (Found : N, 13-7. C,9H,,;N; requires N, 13-9%). 

2-m-Nitrocinnamylidenequinaldine.—Quinaldine (10 g.), m-nitrocinnamaldehyde (12 g.), 
and acetic anhydride (5 c.c.) were heated together at 110—120° for 3 hours. After cooling, 
the yellow crystalline solid was washed with alcohol and crystallised from benzene and then 
from methyl alcohol, forming long lemon-yellow needles, m. p. 158—159° (yield, 90%) (Found : 
C, 75-7; H, 4:7; N, 9-3. C,).H,,0,N, requires C, 75-5; H, 4-6; N, 9-3%). The base is almost 
insoluble in cold organic solvents and dissolves sparingly on heating. When bromine is added 
to a cold chloroformic solution, a solid bromo-derivative is precipitated. The methiodide, 
prepared in boiling absolute methy]l-alcoholic solution, crystallised from that solvent in yellowish- 
green needles, m. p. 229—230° (decomp.), soluble in the usual organic solvents (Found : N, 6-2; 
I, 29-2. C.9H,,0,N,I requires N, 6-5; I, 29-5%). 

2-m-A minocinnamylidenequinaldine.—A solution of crystallised stannous chloride (30 g.) 
in concentrated hydrochloric acid (30 c.c.) was slowly added to a boiling one of nitrocinnamy]- 
idenequinaldine (10 g.) in acetic acid (175 c.c.). A red colour was developed and a yellow 
crystalline stannichloride separated; after cooling, the solid was collected and vigorously 
shaken with aqueous sodium hydroxide (50%). Ice was then added, and the base extracted 
by chloroform. On crystallising from benzene and then from methy] alcohol, it was obtained as 
clusters of yellow needles, m. p. 147°, sparingly soluble in most organic solvents (Found : 
C, 83-5; H, 6-2; N, 10-3. C,gH,,N, requires C, 83-8; H, 5-8; N, 10-2%). It is not easily 
soluble in cold dilute acids, but after diazotisation it may be coupled with B-naphthol to a dark 
red azo-compound. The hydrogen sulphate separated from boiling 2N-sulphuric acid in 
yellowish-brown needles, which darkened at 220° and melted at 237° (decomp.). 

2-m-Nitrocinnamylidene-6-methoxyquinaldine.—6-Methoxyquinaldine (10  g.), m-nitro- 
cinnamaldehyde (10 g.), and acetic anhydride (4 c.c.) were heated together at 110—120° for 3 
hours. The product crystallised from alcohol in long yellow needles, m. p. 197—198°, soluble 
in acetone and benzene, easily soluble in chloroform, and sparingly soluble in ether, ethy] alcohol, 
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methyl alcohol, and light petroleum (Found: C, 71-9; H, 5-0; N, 8-4. Cy 9H,,O,N, requires 
C, 72:3; H, 4-8; N, 8-4%). 

2-m-A minocinnamylidene-6-methoxyquinaldine.—Crystallised stannous chloride (5 g.) in 
concentrated hydrochloric acid (5 c.c.) was added to a boiling solution of 2-m-nitrocinnamylidene- 
6-methoxyquinaldine (2 g.) in acetic acid (50 c.c.). After the stannichloride had been isolated 
and treated with aqueous sodium hydroxide (50%), and the solution extracted with chloroform, 
2-m-aminocinnamylidene-6-methoxyquinaldine hydrochloride was precipitated by passing dry 
hydrogen chloride into the extract. This salt crystallised from absolute methyl-alcoholic 
hydrogen chloride in brownish-yellow needles, m. p. 250—251° (yield, 65%), easily soluble in water 
and hygroscopic (Found : C, 60-1; H, 5-8; N, 7-1; Cl, 17-4. C.9H,,ON,,2HCI1,1-5H,O requires 
C, 59-9; H, 5-7; N, 7-0; Cl, 17-5%. Found in a dried specimen: N, 7-6. C,9H,,ON,,2HCI 
requires N, 7-5%). Ammonia was added to the hydrochloride dissolved in water; the amino- 
cinnamylidene-6-methoxyquinaldine which separated crystallised from 50% alcohol in light 
yellow needles, m. p. 139—140°, becoming red when exposed to air (Found: C, 75-1; H, 6-0; 
N, 8°9. Cy9H,,ON,,H,O requires C, 75-0; H, 6-3; N, 8-8%. Found ina specimen dried at 110° 
over phosphoric oxide: N, 9-4. C,9H,,ON, requires N, 93%). It dissolves in dilute and 
concentrated acids to red and yellow solutions respectively. 

8-Nitro-6-methoxyquinaldine.—A mixture of 3-nitro-p-anisidine (25 g.), paraldehyde (40 g.), 
and concentrated hydrochloric acid (50 g.) was gently heated on a steam-bath under reflux 
until a vigorous reaction commenced ; it was then removed for a time from the source of heat, 
well shaken, and finally heated on the bath for 4 hours. The dark solid obtained on pouring 
into excess of aqueous sodium hydroxide was collected, washed, dried, powdered with sand, and 
exhausted with ether. The residue on evaporation of the solvent crystallised from alcohol in 
long yellowish-brown needles, m. p. 186—187° (yield, ca. 50%) (Found: C, 60-6; H, 4-5; 
N, 12-6. C,,H,0O,N, requires C, 60-6; H, 4-6; N, 128%). The base closely resembles the 
well-known lower homologue. 

8-A mino-6-methoxyquinaldine.—(A) A solution of crystallised stannous chloride (17 g.) 
in concentrated hydrochloric acid (25 c.c.) was slowly added to one of 8-nitro-6-methoxy- 
quinaldine (4-8 g.) in boiling glacial acetic acid (40 c.c.). The resulting red solution was boiled 
for 5 minutes, cooled, poured on ice, basified with sodium hydroxide solution, and extracted 
with chloroform. On passage of dry hydrogen chloride into the chloroform extract the hydro- 
chloride was obtained as a dark red, sticky mass. Repeated interconversion from the base into 
the hydrochloride and vice versa afforded the pure base, which crystallised from 50% methyl 
alcohol in long white needles, m. p. 102° (Found : C, 68-6; H, 6-3; N, 14-4. C,,H,,ON,,0-25H,O 
requires C, 68-6; H, 6-2; N, 145%). 

(B) As the yield of the base in (A) was unsatisfactory, the nitromethoxyquinaldine was also 
reduced with iron and hydrochloric acid in alcoholic solution (West’s method); the isolated 
product was distilled, b. p. 175—185°/5 mm. The process was an improvement on (A). The 
best method tested was, however, the following. 

8-Nitro-6-methoxyquinaldine (1 g.) was dissolved in alcohol (250 c.c.) and concentrated 
hydrochloric acid (5 c.c.) and after addition of platinum oxide (0-05 g.) the mixture was agitated 
in an atmosphere of pure dry hydrogen until the theoretical volume of the gas was absorbed. 
The base was isolated as a pale green, spongy mass, which crystallised from 50% methyl alcohol 
in long white needles identical with the analysed material (yield, 40%). 

2-p-Nitrobenzylidene-8-nitro-6-methoxyquinaldine.—The condensation of 8-nitro-6-methoxy- 
quinaldine with benzaldehyde could not be effected. A mixture of 8-nitro-6-methoxyquinaldine 
(1 g.), p-nitrobenzaldehyde (0-7 g.), and acetic anhydride (1 c.c.) was heated at 120° for 3 hours. 
The resulting solid crystallised from alcohol in long yellow needles, m. p. 182—183° (yield, 
95%), easily soluble in benzene and sparingly soluble in alcohol (Found: C, 59-9; H, 3-9; 
N, 11-5. C,gH,,;0,;N;3,1-5H,O requires C, 60-0; H, 3-6; N, 11:7%). Similarly, 2-p-dimethyl- 
aminobenzylidene-8-nitro-6-methoxyquinaldine crystallised from alcohol in dark red, clustered 
needles, m. p. 204—205° (Found: N, 12-3. C,.9H,,O,;N; requires N, 12-0%), and 2-m-nitro- 
cinnamylidene-8-nitro-6-methoxyquinaldine crystallised from benzene in long yellow needles, 
m. p. 223—224°, sparingly soluble in alcohol or benzene, and readily soluble in acetone, chloro- 
form, or acetic acid (Found: N, 11-5. C,. H,,0;N, requires N, 11-1%). 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, July 19th, 1934.] 
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330. Altempts to find New Antimalarials. Part XII. Further 
Variations in the Group of the Quinolines with Basic Side Chains. 


By RosBert Ropinson and (Miss) M. L. TOMLINSON. 


THE general underlying idea of this series of investigations has been sufficiently explained 
in earlier parts; in extending the work we have been guided by biological reports and by 
the desire to exploit all the more readily accessible forms of side-chain basic groups. In 
addition we wished to prepare plasmoquine analogues in the carbazole and acridine groups, 
but have not yet completed the latter projects. 

_ The following is a summary of the experimental section. (1) 8-Amino-6-methoxy- 
quinoline and phthalo-3-bromobutylimide were condensed and the product was hydrolysed 
to give eA MENS dihydrochloride (I). 


MeO na MeO MeO 
\NZ \N 


NH NH 
[CH,],"NH2,2HC1 [¢ oa [CH], 
ee [CH,],"-NH, NH-[CH,],"NH, 
(I.) (II.) (III.) 


(2) 8-y-Aminopropylamino-6-methoxyquinoline has been condensed with phthalo- 
y-bromopropylimide and with phthalo-3-bromobutylimide and the products have been 
hydrolysed to give the hydrochlorides of 8-y’-aminopropyl-y-aminopropylamino-6-methoxy- 
quinoline (II) and _  8-8’-aminobutyl-y-aminopropylamino-6-methoxyquinoline _ (III) 
respectively. 

8-3-Aminobutylamino-6-methoxyquinoline has been condensed with phthalo-y-bromo- 
propylimide and with phthalo-3-bromobutylimide and the products have been hydrolysed 
to give the hydrochlorides of ([V) and (V) respectively. These four substances have not 
been obtained in a demonstrably pure condition, but the specimens have a powerful 
antimalarial action. 


N 


NH-[CH,],-NH-[CH,],NH, 
NH,[CH,],"NH-[CH,],"NH 


(3) 5-Chloro-8-y-aminopropylamino-6-methoxyquinoline dihydrochloride (VI) has been 
prepared : 


Cl 
~~ ie” ) Me 
Ow OF anes N 
NH, 


NHAc NHAc 
Cl 


MeO, Me ea 
N —- N 


\H 4 NH 
CHET ) (CHa NH,,2HCI 
1.) 


(4) 8-Amino-6-methoxyquinoline has been condensed with ethyl bromoacetate with 
formation of (VII). 
(5) 4-Hydroxy-6-methoxyquinaldine (Slater, J., 1931, 109) has been condensed with 
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phthalo-y-bromopropylimide, and the product hydrolysed to 4-y-aminopropoxy- 
6§-methoxyquinaldine (VIII). 


a O-[CH,],-NH, 
(VII.) N/ HBr (VIII.) 
NH 6" 


! N’ 


(6) 4-y-Aminopropoxy-6-methoxyquinaldine has been condensed with phthalo- 
y-bromopropylimide, and the product hydrolysed to give the ‘rihydrochloride of 4-y’-amino- 
propyl-y-aminopropoxy-6-methoxyquinoline (IX). 


O-[CH,],"NH-[CH,],"NH, CH,CH,°CO-0:CH,CH,NEt, 


MeO > MeO ns 
yn Me MeO n/Me : 


(7) Methyl 6: 7-dimethoxyquinaldine-4-propionate (Miki and Robinson, J., 1933, 
1467) has been converted into the diethylaminoethy] ester (X). 

(8) The azide of 6 : 7-dimethoxyquinaldine-4-propionic acid has been decomposed in 
diethylaminoethanol solution, yielding the corresponding urethane (XI). 


CH,CH,CON, CH,*CH,‘NH-CO-0-CH,CH,-NEt, 


Me “a 
XI. 
OG Me OG me (XI) 


(9) 8-Amino-6-methoxytetrahydrocarbazole (XII) was prepared, but could not be 
condensed with phthalo-y-bromopropylimide. Neither could 6-aminotetrahydrocarbazole 


CH, CH, j 
(XII) MeO CH H,N i Hy (XIII) 


Wat a 
H,N NH CH, H CH, 

(XIII) (Perkin and Plant, J., 1921, 119, 1833) be condensed with phthalo-y-bromopropyl- 
imide to a crystalline product. Furthermore, 9-acylation did not improve the position and 
even 3: 6-diaminocarbazole (Ziersch, Ber., 1909, 42, 3799) failed to yield a crystalline 
product on reaction with phthalo-y-bromopropylimide. 

(10) Perkin and Plant (J., 1923, 128, 676) found that when 9-benzoyltetrahydro- 
carbazole was nitrated, 11-nitro-9-benzoyl-10-hydroxyhexahydrocarbazole was obtained, 
and on hydrolysis with potassium hydroxide this substance yielded 8-0-aminobenzoyl- 
valeric acid (XIV). 

It was thought that it might be possible to prepare 8-5-methoxy-2-aminobenzoylvaleric 
acid (XV) in a similar way from 6-methoxytetrahydrocarbazole (Borsche, Witte, and 
Bothe, Annalen, 1908, 359, 64), which was accordingly benzoylated and nitrated, but the 
only product isolated was a nitro-substitution product, probably 5(or 7)-nitro-6-methoxy- 
9-benzoyltetrahydrocarbazole. The project for the synthesis of 6-methoxyquinaldine- 
4-valeric acid (XVI) from 8-5-methoxy-2-aminobenzoylvaleric acid by condensation with 
acetone was perforce abandoned (compare the method of Miki and Robinson, Joc. cit.). 


Cggieniccon aa @ aa [CH,],CO,H 


(IX.) 


H MeO 
2 2 s Me 


(XIV.) : (XV.) (XVI) 


(11) 2-Nitro-5-methoxyphenol (Hodgson and Clay, J., 1929, 2795) has been condensed 
with phthalo-y-bromopropylimide and the nitro-group reduced to give 2-amino-y-phthal- 
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imidopropoxy-5-methoxybenzene (XVII). This amine could not, however, be converted into 
either quinoline or tetrahydrocarbazole derivatives. 


MeO MeO 


MeO 
—s co 
Cox Y -O-[CHy]5° N<é oC) —— Clororaynce? 
NO, NH, (XVIL) 


(12) seiainaiaieaae (Reverdin, Ber., 1896, 29, 2595) was condensed with 3-nitro- 
p-anisidine with formation of 2 : 2’-dinitro-4 : 4’-dimethoxydiphenylamine (XIX), which 
has also been prepared by nitration of 4: 4’-dimethoxydiphenylamine (XVIII) (Wieland, 
Ber., 1908, 41, 3493). All attempts to convert this compound or its acetyl derivative into 
acridines have failed. 


(XVIII) a 63 5 HNO, ae @ Me (x1x,) 
NH \NH 


No, No, 


By treating this diphenylamine with formaldehyde in sulphuric acid solution, an unidentified 
red substance, C,,H,,;0,N3, has, however, been obtained and this may be related to the 
acridine series. 

2-Bromo-3-nitrobenzophenone (Plant and Tomlinson, J., 1932, 2191) condensed with 
3-nitro-f-anisidine to give 1 : 9-dinitro-3-methoxy-5-phenylacridine (XX), which has 
been reduced and the crude product acetylated to produce 1 : 9-diacetamido-3-methoxy- 
5-phenylacridine; this on hydrolysis affords a sparingly soluble hydrochloride. 


COPh m*€ COPh OMe . 
Br -+ nets) —> 
NO 


. Xo, NH’ Xo, 


EXPERIMENTAL. 


8-8-Phthalimidobutylamino-6-methoxyquinoline Hydrobromide.—8-Amino-6-methoxyquinoline 
(2 g.) and phthalo-3-bromobutylimide (3 g.) were heated together at 130° for 6 hours. The 
product, recrystallised from alcohol, formed yellow prisms, m. p. 196—198° (decomp.) (Found : 
N, 9-5; Br, 17-5. C,,H,,0O,;N;,HBr requires N, 9-2; Br, 17-5%). The Aydrobromide was 
decomposed by trituration with caustic soda and the base was isolated by means of ether. 

8-8-A minobutylamino-6-methoxyquinoline Dihydrochloride.—An alcoholic solution of the 
above base along with hydrazine (1 equiv.) was boiled for 1} hours and then concentrated, 
and the residue heated with dilute hydrochloric acid for 15 minutes. Phthalhydrazide was 
removed by filtration and the solution was rendered alkaline and the base extracted with ether, 
the ethereal solution dried with potassium carbonate, and the hydrochloride precipitated by 
passage of hydrogen chloride. The product crystallised from alcohol in orange-yellow needles, 
m. p. 208° (decomp.) (Found: C, 51-4; H, 6-8; N, 12-3; Cl, 21-3. C,,H,,ON;,2HC1,0-5H,O 
requires C, 51-4; H, 6-7; N, 12-8; Cl, 21-7%) (R.72). 

8-'-A minopropyl-y-aminopropylamino-6-methoxyquinoline Hydrochloride (R.63).—8-y- 
Aminopropylamino-6-methoxyquinoline was heated at 115° with an equivalent of phthalo- 
y-bromopropylimide for 7 hours. The product was hydrolysed by hydrazine, followed by dilute 
hydrochloric acid, and the base isolated and converted into an extremely deliquescent hydro- 
chloride. It was found impossible to crystallise either this salt or the picrate. 

Butylation of the above base (2-2 g.) was effected by boiling it with n-butyl iodide (4 g.) in 
sodium carbonate solution (40 c.c. of 10%) for 6 hours, and a hydrochloride (R.64) was obtained 
in the usual way. 

8-y'-Octylaminopropyl-B-aminoethylamino-6-methoxyquinoline Hydrochloride (R.66).—8-6- 
Aminoethylamino-6-methoxyquinoline was condensed with phthalo~y-bromopropylimide 
in the usual way and the base obtained by hydrolysis with hydrazine was boiled for 6 hours with 
n-octyl bromide (2-5 mols.) in sodium carbonate solution. The product was isolated as the 
deliquescent hydrochloride. 

In a similar manner 8~y-aminopropylamino-6-methoxyquinoline has been condensed with 
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phthalo-8-bromobutylimide to give 8-8’-aminobutyl-y-aminopropylamino-6-methoxy quinoline 
(R.76), and 8-8-aminobutylamino-6-methoxyquinoline has been condensed with both phthalo- 
y-bromopropylimide and phthalo-8-bromobutylimide to give 8-y’-aminopropylamino-8-butyl- 
amino-6-methoxyquinoline (R.74) and 8-3’-aminobutylamino-8-butylamino-6-methoxyquinoline 
(R.75) respectively. The hydrochlorides of all these products were extremely soluble, delique- 
scent substances and in no case was it possible to obtain pure crystalline compounds. They 
have been examined in this state for antimalarial activity and are only mentioned here because 
preliminary reports on the specimens show that their therapeutic indices in bird malaria are 
unusually high. 

8-A cetamido-6-methoxyquinoline.—8-Amino-6-methoxyquinoline was gently heated with 
acetic anhydride for a few minutes, and the mixture poured into water. The product crystallised 
from alcohol in colourless needles, m. p. 126° (Found: N, 12-7. C,,H,,0,N, requires N, 13-0%). 

5-Chloro-8-acetamido-6-methoxyquinoline.—A saturated solution of chlorine in acetic acid 
(7 c.c.) was added to a solution of the above acetamido-compound ina little acetic acid; a solid 
hydrochloride then separated. This was triturated with ammonia; the base crystallised from 
alcohol in colourless plates, m. p. 169° (Found: C, 57-5; H, 4-3. C,,H,,O,N,Cl requires C, 
57-6; H, 4-4%). 

5-Chloro-8-amino-6-methoxyquinoline.—The acetyl derivative was boiled with hydrochloric 
acid for a few minutes. The hydrochloride obtained crystallised from alcohol in shining red 
needles, m. p. 264° (decomp.) (Found : -N, 11-6; Cl, 28-8. C,,H,ON,CI,HCl requires N, 11-4; 
Cl, 290%). Therelated base crystallised from methyl] alcohol in prisms, m. p. 150—152° (Found: 
C, 57-8; H, 4-5. C,9H,ON,Cl requires C, 57-7; H, 4-3%). 

5-Chloro-8-y-phthalimidopropylamino-6-methoxyquinoline.—Equivalent quantities of 5-chloro- 
§-amino-6-methoxyquinoline and phthalo-y-bromopropylimide were heated together at 100° 
for 8hours. The product was rubbed with alcohol and the crystalline hydrobromide obtained 
was triturated with aqueous caustic soda; the base crystallised from alcohol in yellow needles, 
m. p. 153—154° (Found : C, 63-9; H,4-7. C,,H,,0,;N,Cl requires C, 63-9; H, 4-6%). 

5-Chloro-8-y-aminopropylamino-6-methoxyquinoline Dihydrochloride.—The phthalimido-com- 
pound (2 g.) was refluxed for 5 hours with alcohol (200 c.c.) and hydrazine hydrate (0-4 g.), the 
solution evaporated to dryness, and the residue heated with dilute hydrochloric acid for 15 
minutes. The deep red, filtered solution was basified and extracted with ether, the extract 
dried, and hydrogen chloride passed, giving a dihydrochloride, which separated from alcohol in 
red prisms, m. p. 235° (decomp.) and earlier darkening (Found: C, 43-9; H, 5-6; N, 11-6; 
Cl, 29-6. C,,;H,,ON,Cl,2HCI1,H,O requires C, 43-8; H, 5-6; N, 11-8; Cl, 29-8%) (R.77). 

Ethyl 6-Methoxyquinolyl-8-aminoacetate.—8-Amino-6-methoxyquinoline was heated on a 
steam-bath with an excess of ethyl bromoacetate; 8-amino-6-methoxyquinoline hydrobromide 
quickly separated. This was removed by filtration and washed with ether; hydrogen chloride 
was then passed into the filtrate and a yellow hydrochloride was precipitated. Asolution of this 
salt was basified, and an ester extracted and distilled; the fraction, b. p. 115—130°/13 mm., 
was collected. It crystallised and was converted into a hydrobromide, which separated from 
alcohol in yellow needles, m. p. 203° (decomp.) with previous blackening (Found: C, 49-5; 
H, 4-9; Br, 23-6. C,,H,,O,N,,HBr requires C, 49-3; H, 5-0; Br, 23-5%) (R.73). 

Condensation of 8-Amino-6-methoxyquinoline with Ethylene Chlorohydrin.—A solution of 
8-amino-6-methoxyquinoline in ethylene chlorohydrin was refluxed for $ hour and then washed 
with ether, leaving a reddish-brown residue. This was freely soluble in water but could not be 
purified (Found: N, 8-4. C,,H, O;N,Cl, requires N, 8-4%). The nitrogen content indicates 
an average introduction of two hydroxyethyl groups. 

4--y-Phthalimidopropoxy-6-methoxyquinaldine.—4-Hydroxy-6-methoxyquinaldine (8 g.), 
phthalo-~y-bromopropylimide (10 g.), and potassium carbonate (4 g.) were heated together at 
140° for } hour. The mass fused and solidified again to a purple solid, which was washed with 
water and recrystallised from alcohol, forming fine colourless needles, m. p. 197° (Found : 
C, 70-2; H, 5-5. C..H. O,N, requires C, 70-2; H, 5-3%). 

4-y-A minopropoxy-6-methoxyquinaldine.—The above -phthalimido-compound (1 g.) was 
hydrolysed in the usual way with hydrazine and later with dilute hydrochloric acid. The result- 
ing base crystallised from ethyl] acetate in needles, m. p. 170° (Found : C, 68-5; H, 7-7; N, 11-4. 
C,,H,,0,N, requires C, 68-3; H, 7-3; N, 11-4%). 

The hydrochloride, prepared in alcoholic solution, was obtained as pale yellow prisms, m. p. 
215° (decomp.) (R.69). 

4-y'-Phthalimidopropyl-y-aminopropoxy-6-methoxyquinaldine Hydrobromide.—4~y-Amino- 
propoxy-6-methoxyquinaldine (1-0 g.) and phthalo-y-bromopropylimide (0-8 g.) were heated 
together for 5 hours at 120° and the glassy product was twice crystallised from alcohol, forming 
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small colourless prisms, m. p. 200—202°, of the hydrobromide (Found: C, 56-6; H, 
C,,;H,,0,N;,HBr,H,O requires C, 56-4; H, 53%). 

4-y'-A minopropyl-y-aminopropoxy-6-methoxyquinaldine Hydrochloride.—The above hydro- 
bromide was hydrolysed by means of hydrazine and dilute hydrochloric acid as usual. After 
removal of the phthalhydrazide the solution was evaporated to dryness and the trihydrochloride 
obtained was twice crystallised from alcohol, forming pale yellow needles, m. p. 145° (decomp.) 
(Found : N, 9-3; Cl, 23-6. C,,H,;0,N;,3HC1,2H,O requires N, 9-2; Cl, 23-7%) (R.70). 

Hydrochloride of  §-Diethylaminoethyl 6: 7-Dimethoxyquinaldine-4-propionate.—Methy] 
6 : 7-dimethoxyquinaldine-4-propionate was refluxed for 8 hours with an excess of B-diethy]- 
aminoethanol and the excess of the alcohol was then removed by distillation under diminished 
pressure. The product was taken up in dry ether, and hydrogen chloride passed into the 
solution, precipitating a hydrochloride, which absorbed water to form a solid hydrate (Found : 
N, 6-0; Cl, 16-2. C,,H,90,N,,2HCl requires N, 6-3; Cl, 15-9%) (R.71). 

The picrate crystallised from alcohol and then from acetone in yellow needles, m. p. 186° 
after sintering at 175° (Found: C, 47-8; H, 4-4. C,,;H390,N,,2C,H,;O,N, requires C, 47-6; 
H, 4:3%). 

Hydrochloride of 8-Diethylaminoethyl 8-6 : 7-Dimethoxyquinaldyl(4)ethylcarbamate.—The azide 
of 6: 7-dimethoxyquinaldine-4-propionic acid was warmed with $-diethylaminoethanol until 
the evolution of nitrogen ceased. The excess of the alcohol was removed by distillation under 
reduced pressure and the residue was dissolved in a little hydrochloric acid and converted into 
a picrate, which crystallised from alcohol in yellow needles, m. p. 187° (Found : C, 47-1; H, 4-6. 
C,,;H,,0,,N, requires C, 46-8; H, 4-3%). The picrate was dissolved in concentrated hydro- 
chloric acid and picric acid was extracted with ether. The solution was then rendered alkaline, 
and the base isolated by means of ether and converted into an extremely deliquescent colourless 
hydrochloride (R.78). 

8-Diethylaminoethyl p-A nisylcarbamate.—Anishydrazide (2 g.) was dissolved in acetic acid 
(10 c.c.) and sodium nitrite (1 g.) ina little water was added slowly. The azide, which separated 
in colourless plates, was washed well with water and dried in a vacuum desiccator; m. p. 68°. 
It was then covered with 6-diethylaminoethanol, and the mixture heated on a steam-bath until 
evolution of nitrogen ceased. The excess of the alcohol was removed in a vacuum and the 
resulting oil was washed with a very little ether and then dissolved in hydrochloric acid and 
converted into a picrate, which crystallised from alcohol in yellow needles, m. p. 150—152° 
(Found: C, 48-7; N, 5-1. C,4H..O,N,,C,H,0,N, requires C, 48-5; H,5-1%). A hydrochloride 
was prepared from the picrate for trial of its antimalarial properties, if any (R.79). 

9-Benzoyl-6-methoxytetrahydrocarbazole.—Magnesium (3-6 g.) was added to an ethereal 
solution of ethyl bromide (17-3 g.) ; when solution was complete, 6-methoxytetrahydrocarbazole 
(30 g.) was added slowly, followed by benzoyl chloride (21-4 g.). The mixture was then decom- 
posed by the addition of dilute hydrochloric acid and the product was isolated by means of ether 
and distilledina high vacuum. Itcrystallised from alcohol in yellow prisms, m. p. 134° (Found : 
N, 4:7. Cy9H,9O,N requires N, 4-6%). 

Nitration of 9-Benzoyl-6-methoxytetrahydrocarbazole.—Nitric acid (10-8 g. of d 1-4) in a little 
acetic acid was added gradually to a solution of the above compound (2 g.) in acetic acid (15c.c.). 
On standing, yellow needles of a mononitro-derivative, m. p. 150°, separated (Found: C, 68-1; 
H, 5-4. Cy9H,,0,N, requires C, 68-5; H,5-1%). Nocompound in which hydroxyl and nitroxyl 
had been added to the double bond was obtained (compare Perkin and Plant, Joc. cit.). 

2-Nitro-4-methoxyphenylhydrazine.—A solution of 2-nitro-4-methoxyaniline (10 g.) in hydro- 
chloric acid (25 c.c.) and water (25 c.c.) was diazotised below 0° with sodium nitrite (4-4 g.) 
dissolved in a little water. The cold diazo-solution was added to crystallised stannous chloride 
(35 g.) dissolved in hydrochloric acid (35 c.c.). When precipitation was complete, the solid was 
collected, dissolved in water, and on addition of sodium acetate the hydrazine separated. 
Crystallisation from light petroleum (b. p. 60—80°) afforded red shining plates, m. p. 127° 
(Found : N, 22-2. C,H,O,N, requires N, 23-0%). 

8-Nitro-6-methoxytetrahydrocarbazole.—A mixture of the hydrazine with one half of its weight 
of cyclohexanone was heated on a steam-bath for 10 minutes; on cooling, the mass solidified ; 
the hydrazone crystallised from alcohol in red needles, m. p. 69°. The hydrazone was heated on 
a steam-bath with dilute sulphuric acid (18%) for } hour, the mixture cooled, and the solid 
collected and extracted repeatedly with hot carbon tetrachloride; on cooling, red needles, m. p. 
136°, separated. Recrystallisation from alcohol gave a mixture of polymorphous forms, needles 
and prisms, and on standing the labile form (needles) disappeared, leaving red prisms (Found : 
N, 11-6. C,3H,,0O;N, requires N, 11-4%). 
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8-A mino-6-methoxytetvahydrocarbazole.—Excess of sodium hydrosulphite was added gradually 
to a hot alcoholic solution of 8-nitro-6-methoxytetrahydrocarbazole which had been rendered 
alkaline with sodium hydroxide. Water was added to the decolorised solution, and the 
precipitated amine was dried in a vacuum desiccator. It crystallised from light petroleum in 
almost colourless needles, m. p. 149° (Found: N, 12-8. C,,;H,,ON, requires N, 13-0%). 

Various attempts have been made to condense 8-amino-6-methoxytetrahydrocarbazole with 
phthalo-y-bromopropylimide but all without success. Experiments were carried out by heating 
together equivalent quantities of the two substances on a steam-bath in air or in carbon dioxide, 
for periods varying between 1 and 24 hours, both with and without the addition of potassium 
carbonate. The condensation was also tried in the presence of solvents such as benzene, nitro- 
benzene, and ether. In all cases the product was a black or dark brown mass from which no 
crystalline material could be isolated. 

Attempts have also been made to condense 6-aminotetrahydrocarbazole, 6-amino-9-acetyl- 
tetrahydrocarbazole, 3: 6-diaminocarbazole, and 6-amino-9-methyltetrahydrocarbazole with 
phthalo-y-bromopropylimide under various conditions but in no case was a homogeneous 
product obtained. 

6-A mino-9-acetyltetrahydrocarbazole.—6-Nitro-9-acetyltetrahydrocarbazole was mixed with 
an excess of iron filings and heated on a steam-bath for several hours with alcohol containing a 
little hydrochloric acid with frequent shaking. The filtered solution, on cooling, deposited the 
amine, which crystallised from light petroleum (b. p. 60—-80°) in long needles, m. p. 140° (Found : 
N, 12-6. C,,H,gON, requires N, 12-3%). 

Coupling of Diazotised 6-Amino-9-acetylieitvahydrocarbazole with m-Phenylenediamine.—A 
solution of the amine (1 g.) in N/10-sulphuric acid (88 c.c.) was diazotised by means of sodium 
nitrite (0-3 g.) with the usual precautions. The diazo-solution was added to one of m-phenyl- 
enediamine (0°8g.) inalittlewater. The productcrystallised from alcohol in dark orange needles, 
m. p. 195° (Found: N, 20-8. C,,H,,ON, requires N, 20-9%). The azo-derivative was dis- 
solved in dry ether and hydrogen chloride was passed, giving glistening black needles of the 
hydrochloride, which was tested by Professor C. H. Browning for antiseptic properties with 
negative results. 

Attempts were made to condense 6-chloro-7-nitrotetrahydrocarbazole and 6-chloro-5-nitro- 
tetrahydrocarbazole with methylamine, phthalimide and p-toluidine, but without success. 

2-Nitro-5-methoxy-y-phthalimidopropoxybenzene.—2-Nitro-4-methoxyphenol (2 g.), phthalo- 
y-bromopropylimide (3-2 g.), and potassium carbonate (1 g.) were heated together at 145° for 
2hours. The product was ground with hot water and crystallised from acetic acid, forming 
colourless needles, m. p. 178° (Found : C, 60-4; H, 4-6. C,,H,,O,N,requiresC, 60-7; H, 4-5%). 

2-A mino-5-methoxy-y-phthalimidopropoxybenzene.—The above nitro-compound was reduced 
by boiling it for 4 hours in alcoholic solution with iron powder and a little hydrochloric acid. 
The solution was filtered hot and the product was precipitated with water; it crystallised from 
alcohol in brown needles, m. p. 94—96°. On drying there was a loss of 3-5%, which corresponds 
exactly to the loss of }C,H,;*OH (Found after drying: C, 66-0; H, 5-4. C,,H,,0,N, requires 
C, 66-3; H, 55%). The same product could be obtained by catalytic reduction of the nitro- 
compound in acetic acid solution with a palladised charcoal catalyst. 

When the reduction of this nitro-compound was carried out by the action of zinc dust on its 
solution in acetic acid, a different product was obtained. It separated from alcohol in almost 
colourless needles, m. p. 162—164° (Found : C, 65-6; H, 6:3; N, 8-7. C,gH..O,N, requires C, 65-9; 
H, 6-1; N, 85%). This substance, like the first-mentioned, is a primary amine and it seems 
that the phthalimido-group must have suffered reduction. Fruitless attempts were made to 
effect a Skraup synthesis with 2-amino-4-methoxy-y-phthalimidopropoxybenzene. An unsuc- 
cessful attempt was also made to prepare a quinoline from this amine by the action of benz- 
aldehyde and pyruvic acid, as also to prepare the corresponding hydrazine and to convert it into 
a tetrahydrocarbazole. 

2 : 2'-Dinitro-4 : 4'-dimethoxydiphenylamine.—A mixture of 4-iodo-2-nitroanisole (10 g.), 
nitroanisidine (5 g.), potassium carbonate (2 g.), and copper powder (2 g.) was heated at 110° 
for } hour. The product crystallised from pyridine in deep red needles, m. p. 218° (Found : 
C, 52-6; H, 4-0. C,4H,;0,N, requires C, 52-7; H, 40%). [From the pyridine mother-liquors 
a compound Cu,I,,C,H;N,3H,O, which crystallised from xylene in colourless needles, was 
isolated (Found: C, 11-8; H, 2-0; Cu, 23-5; I, 50-4. Cu,I,,C;H,;N,3H,O requires C, 11-2; 
H, 2-1; Cu, 23-9; I, 47-5%). A similar compound was obtained by crystallising moist cuprous 
iodide from xylene containing some pyridine.] 

Nitration of 4: 4’-dimethoxydiphenylamine in acetic acid solution with an equivalent 
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quantity of fuming nitric acid dissolved in acetic acid yielded 2 : 2’-dinitro-4 : 4’-dimethoxy- 
diphenylamine identical with the above. 

N-Acetyl-2 : 2'-dinitro-4 : 4'-dimethoxydiphenylamine.—The dinitrodimethoxydiphenylamin 
was refluxed with acetic anhydride containing a trace of sulphuric acid for 2hours. The product 
crystallised from alcohol in yellow prisms, m. p. 134—135° (Found : C, 53-5; H, 4:2; N, 11-8. 
C,6H,,0,N; requires C, 53-2; H, 4-1; N, 11-6%). Attempts were made to convert 2 : 2’-di- 
nitro-4 ; 4’-dimethoxydiphenylamine into the corresponding acridine. 

(1) The diphenylamine (1 part), zinc chloride (1 part), chloroform (1 part), and zinc oxide 
(4 part) were heated in a sealed tube for 7 hours at 200°. The product was completely charred. 

(2) A formic acid solution of the diphenylamine was refluxed with 4 times its weight of zinc 
chloride for 5 hours. It was unchanged. 

(3) Boiling with acetic anhydride in the presence of some sulphuric acid for 6 hours yielded a 
charred mass. 

(4) The diphenylamine was dissolved in nitrobenzene and treated with an equivalent of 
aluminium chloride and methylene iodide. The mixture was kept over-night and was then 
heated on a steam-bath; the diphenylamine derivative was recovered unchanged. 

Attempts were also made to ring-close the N-acetyl derivative to give a methylacridine : it 
was unchanged after it had been (1) refluxed with acetic anhydride, acetic acid, and twice its 
weight of zinc chloride for 10 hours; (2) fused with zinc chloride at 170° for 10 hours; (3) boiled 
with alcoholic hydrogen chloride for 5 hours. It was also refluxed with acetic anhydride and 
sulphuric acid for 5 hours, but no crystalline product could be isolated. 

The most promising line was the following :— 

2 : 2’-Dinitro-4 : 4’-dimethoxydiphenylamine dissolved in alittle concentrated sulphuric acid 
to a deep mauve solution. On the addition of a few drops of formalin a deep blue colour was 
produced, which changed to brownish-green on gentle warming or after a little time. The solution 
was poured on ice and a scarlet precipitate separated, which crystallised from pyridine and 
subsequently from alcohol in orange-scarlet needles, m. p. 223—224° (Found: C, 51-1; H, 3-8; 
N, 11-2; MeO, 0-0. C,gH,,;0,N; requires C, 51-1; H, 3-5; N, 11-2%. C,gH,,0,N; requires 
C, 50-9; H, 4-0; N,11-1%). On boiling for 2 hours with acetic anhydride containing a drop of 
sulphuric acid, a substance was obtained which crystallised from alcohol and then from acetone 
in small yellow prisms, m. p, 219—221° (Found : C, 52-1; H, 3-8; N,9-6. C,,H,,O,N; requires 
C, 51-8; H, 3-6; N, 10-0. C,9H,,O,9N, requires C, 52-2; H, 3-7; N, 9-1%). It was very 
difficult to obtain these substances in adequate amount and their nature has not yet been 
precisely ascertained. 

2 : 2’-Dinitro-4-methoxy-6'-benzoyldiphenylamine.—2-Bromo-3-nitrobenzophenone (1 g.), 
m-nitro-p-anisidine (0-5 g.), potassium carbonate (0-4 g.), and copper powder (0-2 g.) were mixed 
and heated at 150° for l hour. The product was crystallised from alcohol and recrystallisation 
from acetic acid yielded orange-brown prisms, m. p. 175° (Found : C, 61-4; H, 3-8. C.9H,,O,N; 
requires C, 61-1; H, 3-8%). 

1 : 9-Dinitro-3-methoxy-5-phenylacridine.—The above diphenylamine was refluxed for 4 hours 
with acetic acid containing twice its weight of zinc chloride. The mixture was then poured into 
water and the precipitate crystallised from acetic acid; the acridine separated in yellow needles, 
m. p. 272° (Found : C, 64-0; H, 3-8. C,9H,,;0;N; requires C, 64-0; H, 3-5%). 

1 : 9-Diacetamido-3-methoxy-5-phenylacridine.—The dinitroacridine was suspended in aqueous 
ammonia and an excess of sodium hydrosulphite was added with shaking and gentle heating; 
an oily substance was formed and solidified on cooling. It could not be crystallised and was 
therefore acetylated by means of acetic anhydride. The derivative crystallised from alcohol 
in yellow prisms, m. p. 258° (Found: C, 72-7; H, 5-6; N, 10-1. C,H,,O,N, requires C, 72:2; 
H, 5-3; N, 10-5%). The alcoholic solution exhibited a green fluorescence. 

1 : 9-Diamino-3-methoxy-5-phenylacridine Hydrochloride.—The acetyl derivative was hydro- 
lysed by means of boiling concentrated hydrochloric acid in a few minutes and a hydrochloride 
separated. This crystallised from alcohol in brown needles, m. p. 245° (decomp.) (Found : 
C, 67-8; H, 5-2; Cl, 10-1. C.9H,,ON;,HCl requires C, 68-4; H, 5-1; Cl, 10-0%). Trituration 
of the salt with caustic soda and acetylation with acetic anhydride yielded the initial acetyl 
derivative, m. p. 258°. This hydrochloride, m. p. 245°, was almost insoluble in water. 
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331. 1:3:5: 8-Tetrahydroxy-2-methylanthraquinone. 
By E. H. CHARLESWORTH and ROBERT ROBINSON. 


In the course of work on the constitution of pigments extracted from the mycelia of various 
species of Helminthosporium (Biochem. J., 1933, 27, 499; 1934, 28, 559; J., 1933, 488), 
Charles, Raistrick, Robinson, and Todd isolated and characterised a number of hydroxyl- 
ated 6-methylquinizarins which are metabolic products of the moulds when grown in 
glucose solutions. The substance named in the title, being required for comparison, was 
synthesised. 

‘2 : 6-Dihydroxy-#-toluic acid was methylated and condensed with chloral in the presence 
of sulphuric acid with formation of 3 : 5-dimethoxy-4-methyl-a-trichloromethylphthalide (I). 


MeO CH-CCl, OMe 


HO O OH 
M O,H e 
co MeO O,H H 
HO 


(I.) (II.) (III.) 


This substance was hydrolysed, the phthalidecarboxylic acid decarboxylated, and the 
3 : 5-dimethoxy-4-methylphthalide oxidised to 3 : 5-dimethoxy-4-methylphthalic acid (II). 

The anhydride of (IT) was condensed with quinol dimethyl ether in the presence of 
aluminium chloride, and the crude product directly treated with hot sulphuric acid, afford- 
ing 1:3: 5: 8-tetrahydroxy-2-methylanthraquinone (ITI). 


EXPERIMENTAL. 


4-Carboxytoluene-3-sulphonyl Chloride.—This substance was obtained in the course of 
attempts to improve the disulphonation of -toluic acid, which involved difficulties. -Toluoyl 
chloride (10 g., b. p. 225—-227°) was added gradually with mechanical stirring to chlorosulphonic 
acid (60 c.c.) kept at about 10°. The mixture was maintained at 150° for 3 hours, the evolution 
of hydrogen chloride then ceasing. The product was poured on ice (500 g.), the separated 
solid washed, pressed on tile, and dried in a vacuum (yield, 14 g.), and a small portion twice 
crystallised from chloroform, giving small colourless plates, m. p. 110° (Found: S, 13-6; Cl, 
15-3. C,H,O,CIS requires S, 13-6; Cl, 15-1%). The derivative is easily soluble in alcohol, 
ether, chloroform, and hot benzene and sparingly soluble in light petroleum. 

3 : 5-Dihydroxy-p-toluic Acid.—Attempts to obtain this acid by following the method of 
Mitter and Gupta (J. Indian Chem. Soc., 1928, 5, 26; compare Weinreich, Ber., 1887, 20, 982) 
did not result in the production of a substance, m. p. 176°, as recorded by those authors. The 
only pure product isolated from the eventual alkali-fusion was m-hydroxybenzoic acid, m. p. 
201°, identified by analysis and mixed melting point. It is not easy to see how this arises, as 
the p-toluic acid employed was free from benzoic acid. The most plausible explanation is 
oxidation of the methyl group and decarboxylation of the sulphoterephthalic acid produced. 

Employing the method of Asahina and Asano (Ber., 1933, 66, 687), which was published 
while our work was in progress, we obtained an acid of m. p. 260° agreeing with the m. p. 262° 
of the Japanese chemists. 

p-Toluic acid (50 g.) gave a crude potassium salt of the disulphonic acid (146 g.), which was 
fused with potassium hydroxide (650 g.) and a little water. We find that the yield is increased 
by a longer fusion than that prescribed by Asahina and Asano and recommend adding the 
potassium salt at 220° and fusing for 20 minutes at 250°, 15 minutes at 260°, and 15 minutes 
at 270°. The melt was dissolved in water, acidified with hydrochloric acid, and extracted 
thoroughly with ether. The ethereal extract was evaporated, and the residue treated with 
warm water (750 c.c.), which dissolved the phenolic acid, leaving a residue (about 6 g.) melting 
with decomposition at about 320°. The aqueous solution was saturated with salt and extracted 
with ether; evaporation of the solvent afforded a light cream-coloured product (26-5 g., m. p. 
245—250°) which was used for the preparation of the methyl ether. A second purification by 
the same method gave fine needles, m. p. 260° with slight previous softening and darkening, 
having the properties recorded by Asahina and Asano. The composition C,H,O,,0-5H,O was 
confirmed by full analysis. 

fH 
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3 : 5-Dimethoxy-p-toluic Acid.—Methyl] sulphate (90 c.c.) was added in 3 portions to a solu- 
tion of 3 : 5-dihydroxy-p-toluic acid (25 g.) in aqueous sodium hydroxide (300 c.c. of 20%), in 
a flask filled with coal gas. After 30 minutes’ shaking with cooling, sodium hydroxide (10 g. 
in 15 c.c. of water) was added, and the mixture refluxed for 1 hour. The cream-coloured 
crystalline material (25-2 g.) obtained on acidification crystallised from acetic acid (50 c.c.) 
in long needles (12-5g.). Asmall sample, recrystallised from 50% acetic acid, formed clusters of 
colourless needles, m. p. 215° (Found: C, 61-5; H, 6-1. C 9H,,O, requires C, 61-2; H, 6-1%). 

3 : 5-Dimethoxy-4-methyl-a-trichloromethylphthalide (1).—3 : 5-Dimethoxy-p-toluic acid (12-4 
g.) was mixed in a stoppered flask with powdered chloral hydrate (15 g.), and sulphuric acid 
(57 c.c. and 3 c.c. of water) added. After 24 hours, the reaction mixture was poured on ice 
and the separated solid was washed with water and aqueous alcohol and crystallised from 
alcohol (150 c.c., charcoal), forming colourless plates (17-0 g., m. p. 128—130°). Recrystallis- 
ation afforded a pure specimen, m. p. 133—134° (Found: Cl, 32-4. C,,H,,0,Cl, requires Cl, 
32-7%). The substance is freely soluble in ether and benzene, less soluble in alcohol, and very 
sparingly soluble in light petroleum. 

3 : 5-Dimethoxy-4-methylphthalide-a-carboxylic Acid.—The above trichloro-compound (14-3 
g.) and aqueous sodium hydroxide (75 c.c. of 20%) were heated on the steam-bath and the 
yellowish solution formed after an hour was filtered from a few dark specks. On cooling, yellow 
plates of a sodium salt were deposited ; sufficient water was added to dissolve this salt and the 
mixture was made strongly acid with hydrochloric acid. On keeping, the carboxylic acid 
separated as colourless needles (9-7 g.), m. p. 173—174°. A specimen was recrystallised from 
water, m. p. 174—175° (Found: C, 57-1; H, 5-0. C,,H,,O, requires C, 57-1; H, 4-8%). The 
acid is soluble in alcohol and hot water, but is sparingly soluble in ether and benzene. 

3 : 5-Dimethoxy-4-methylphthalide.—Dimethoxymethylphthalidecarboxylic acid (9-7 g.), 
copper chromite (0-8 g.), and quinoline (28 c.c.) were heated (bath at 150—160°) until evolution 
of carbon dioxide ceased (ca. 12 minutes). The quinoline solution was decanted from the 
catalyst into dilute hydrochloric acid; the greenish precipitate crystallised from alcohol (125 
c.c., charcoal) in long, narrow, pale yellow prisms (4-1 g., m. p. 157°); recrystallised, it formed 
colourless needles, m. p. 158° (Found : C, 63-3; H, 5-8. C,,H,.O, requires C, 63-4; H, 5-8%). 
The phthalide is easily soluble in alcohol, ether, or benzene; it is very sparingly soluble in hot 
water and almost insoluble in light petroleum. 

An attempt was made to prepare this substance directly, by the condensation of 3: 5- 
dimethoxy-p-toluic acid with formaldehyde in the presence of hydrochloric acid by the method 
of Perkin, Edwards, and Stoyle (J., 1925, 127, 195), but the product crystallised from alcohol 
in needles, m. p. 131°, and contained chlorine. 

3 : 5-Dimethoxy-4-methylphthalic Acid (II).—3: 5-Dimethoxy-4-methylphthalide (4-3 g.) 
was dissolved in aqueous potassium hydroxide solution (100 c.c. of 5%), and potassium per- 
manganate (6-1 g.) in water (200 c.c.) added at room temperature. After 24 hours the liquid 
was filtered and some remaining manganate was reduced by sulphur dioxide; it was then 
concentrated to a small volume and acidified with hydrochloric acid. The crude acid was 
purified by dissolution in hot water (100 c.c.) and filtration from unchanged phthalide. On 
cooling, the acid separated in elongated prisms (2-3 g.); recrystallised from water, m. p. 195— 
196° (decomp.) (Found: C, 55-4; H, 4:9. C,,H,,O, requires C, 55-0; H, 5-0%). This acid 
is readily soluble in hot water and it is sparingly soluble in ether or benzene. 

The anhydride was prepared by carefully heating the acid (1-4 g.) at its melting point and 
crystallised from benzene (yield, 1-02 g.), m. p. 166°. It sublimed in long colourless needles 
(Found: C, 59-4; H, 4-5. C,,H, 0, requires C, 59-5; H, 4-5%). 

1:3: 5: 8-Tetvahydroxy-2-methylanthraquinone (III).—Powdered aluminium chloride (2-2 g.) 
was added in 3 portions to a mixture of 3 : 5-dimethoxy-4-methylphthalic anhydride (1 g.) and 
quinol dimethyl ether (2 g.) in dry carbon disulphide (25 c.c.). The mixture was refluxed on 
the steam-bath for 24 hours, cooled, the carbon disulphide decanted, and the semi-solid mass 
decomposed with dilute hydrochloric acid and distilled in steam. The greenish-yellow viscous 
residue (1-1 g.) was dried and heated for 30 minutes with concentrated sulphuric acid (3 c.c.) 
at 150°. The reddish-blue solution was poured into water, and the deep brown amorphous 
material collected. It could not be purified by crystallisation in the first instance, but by 
sublimation at 240—250° in a high vacuum for 10 hours a bright red powder (0-21 g.), m. p. 
265—267°, was obtained. This was twice crystallised from 50% acetic acid and obtained in 
thin, elongated, yellowish-red plates, m. p. 276—277° (Found: C, 62-9; H, 3-6. C,;H 9% 
requires C, 62-9; H, 3-5%). 

This product is not identical with the isomeric catenarin (m. p. 246°) (Raistrick, Robinson, 
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and Todd, Biochem. J., 1934, 28, 559), as a mixture melted from 225° to 234°. The colour re- 
actions of the synthetic product are very similar to those of catenarin. The following are the 
points of divergence noted. The colour in sulphuric acid is slightly bluer than that of catenarin. 
Alkaline solutions have identical colours, but those of catenarin are more rapidly oxidised in 
the air. The orange alcoholic solution of the synthetic compound exhibits a very feeble fluor- 
escence, that of catenarin being much more pronounced. The synthetic compound is slightly 
the less soluble in aqueous alcohol. 

The tetra-acetyl derivative was prepared by boiling (III) for a few minutes with acetic 
anhydride containing a trace of sulphuric acid. ‘The yellow solution was poured into water; 
the precipitated acetyl derivative crystallised from acetic acid in small lemon-yellow plates, 
m. p. 223° (Found : C, 60-8; H, 4:1. C,3H,,O 9 requires C, 60-8; H, 4:0%). 


) = OC m_ hm 2 
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332. Pyrylium Salts with Two Fused Benzopyran Nuclei. 


By E. KELLER and ROBERT ROBINSON. 
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A REACTION of a novel type was encountered by Perkin, Ray, and Robinson (J., 1926, 
950), who showed that 7-methoxy-3-veratrylidenechromanone (I) could be oxidised and 
condensed by means of ferric chloride in acetic anhydride solution with formation of a 
salt formulated as (II). No proof of this constitution, other than the composition of the 
ferrichloride and the difficulty of devising an alternative explanation, was offered. We 
have now found that the same substance can be obtained by the condensation of 7-methoxy- 
chromanone (IIT) with 2-hydroxy-4 : 5-dimethoxybenzaldehyde (IV) (Head and Robertson, 
J., 1930, 2441) by means of hydrogen chloride, followed by conversion into the ferrichloride. 
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The tetranuclear ring-system of (II) has some resemblance to that (VI) of rotenone (La 
Forge, Robertson, Takei, Butenandt) and hence it seemed desirable to study the physio- 
logical properties of typical members of the series. A start was made by the synthesis 
of some of the readily accessible pyrylium salts of the group; for example, o-vanillin and 
7-methoxychromanone yield (V) and an extension to analogous pyrones was contemplated. 
Professor A. Robertson has, however, informed us that he has planned a comprehensive 
investigation along similar lines and this part of our project will therefore not be pursued. 

It is intended to study further the pyrylium salts and the quinoline derivatives; the 
latter are not readily formed from 7-methoxychromanone and only one instance is men- 
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tioned in this communication. A poor yield of the base (VII) is obtained by condensation 
of the ketone with 6-aminopiperonal. 


EXPERIMENTAL. 

7-Methoxychromanone (compare Perkin, Ray, and Robinson, J., 1926, 945; 1927, 2097).— 
The ring-closure of 8-m-methoxyphenoxypropionic acid was studied under a graded series of 
conditions and the best yield (62%) was obtained by the use of 75% sulphuric acid. 

Methoxyphenoxypropionic acid (3-5 g.) was dissolved in 75% sulphuric acid (25 c.c., d 
1-677/19°) and the mixture was heated during 2 hours to 60—70° and then during 4 hours to 
90°. The product was isolated in the known manner, When 78% sulphuric acid was used, 
the yield dropped to 53% (80% acid, 48%; 82%, 45%; 85%, 42%). We think that it will be 
worth while to try sulphuric acid of even a lower concentration than 75%. 

7-Hydroxy-2 : 3-['7'-methoxychromeno(4’ : 3’)|benzopyrylium Chloride——When _ hydrogen 
chloride was passed through a saturated solution of 7-methoxychromanone and f-resorcyl- 
aldehyde in acetic acid, the resulting yield of pyrylium salt was 15%. Under the following 
conditions the yield was almost theoretical. A solution of 7-methoxychromanone (3-6 g.) 
and £-resorcylaldehyde (2-8 g.) in dry ethyl acetate (30 c.c.) was saturated with hydrogen 
chloride during 4 hours and the mixture was later maintained at 25—30° for 2 hours and kept 
at room temperature for 24 hours. The separated crystals (yield, 95%), recrystallised from 
5% hydrochloric acid, formed slender red needles (Found in material dried at 50° in a vacuum : 
C, 61-3; H, 4:5. C,,H,,;0,Cl,H,O requires C, 61-0; H, 4-5. Found in material dried at 110— 
120°: C, 64-3; H, 42. C,,H,,0,Cl requires C, 64-4; H, 4:1%). The salt is sparingly soluble 
in acetic acid, readily in alcohol; all its reddish-orange acid solutions exhibit a strong, greenish- 
yellow fluorescence. The quinone base obtained by the action of sodium acetate has the 
typical blood-red colour of its class; it is sparingly soluble in benzene to a deep red solution 
and is reconverted by 5% hydrochloric acid into the orange-red pyrylium salt. 

The catalytic reduction of this salt presented unexpected difficulty. When an active 
platinum catalyst was used in acetic acid solution, only one molecule of hydrogen was absorbed 
and aerial re-oxidation to the pyrylium salt occurred readily. By using zinc dust and acetic 
acid, reduction was brought about, but the product, possibly a dimerised compound, could not 
be crystallised. 

8-Methoxy-2 : 3-[7'-methoxychromeno(4' : 3')]benzopyrylium Ferrichloride (V).—When 0- 
vanillin is substituted for B-resorcylaldehyde, an equally facile condensation occurs; the re- 
sulting chloride is soluble in dilute aqueous acids to orange-red solutions which do not exhibit 
fluorescence. The ferrichloride, obtained in the usual way, crystallised from acetic acid in 
well-formed orange needles, m. p. 202° (unsharp) (Found: C, 44-0; H, 3-0. C,,H,,0,Cl,Fe 
requires C, 43-9; H, 3-1%). 

1-Hydroxy-5-benzoyloxy-2 : 3-[7'-methoxychromeno(4’ : 3')]benzopyrylium Chloride.—This salt 
was obtained, like the derivative from {-resorcylaldehyde, by the use of 2-O-benzoylphloro- 
glucinaldehyde (yield, 72%). It is very sparingly soluble in hot dilute hydrochloric acid to 
a red solution exhibiting a yellow fluorescence and it is readily soluble in alcohol to an intensely 
red solution. It crystallised from a mixture of equal volumes of alcohol and 10% aqueous 
hydrochloric acid in very slender, red, microscopic needles (Found in material dried at 80° 
ina vacuum: C, 66-2; H, 4:3. C,,H,,0,Cl requires C, 66-0; H, 3-9%). 

6 : 7-Dimethoxy-2 : 3-[7'-methoxychromeno(4’ : 3')|benzopyrylium Ferrichloride (I1).—The con- 
densation of 7-methoxychromanone and 2-hydroxy-4 : 5-dimethoxybenzaldehyde (for a specimen 
of which we are greatly indebted to Professor A. Robertson) was carried out in ethyl acetate 
saturated with hydrogen chloride at 0°, the mixture being kept for 6days. Analmost theoretical 
yield was obtained of a bright red chloride, which was converted into the ferrichloride in the 
usual way. This characteristic substance crystallised from acetic acid, in which it was sparingly 
soluble, in crimson elongated prisms with a blue reflex (Found: C, 43-5; H, 3-3. Calc. for 
C,,H,,0,Cl,Fe : C, 43-6; H, 3-3%). The substance had m. p. 213° (decomp.), alone or mixed 
with a specimen made by the method of Perkin, Ray, and Robinson (loc. cit.), and direct com- 
parison confirmed the identity. 

6 ; 7-Methylenedioxy-2 : 3-['7'-methoxychromeno(4’ : 3')}quinoline (VII) (Picrate).—An alcoholic 
solution of 7-methoxychromanone and 6-aminopiperonal, together with a small relative volume 
of 20% aqueous potassium hydroxide, was refluxed for 8 hours; acetic acid in excess was then 
added, and the boiling continued for 3 hours. The base was isolated as the picrate, which 
crystallised from acetone in slender needles, m. p. ca. 244° (Found in material dried at 80° in 
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a vacuum: C, 54-0; H, 3-4; N, 10-5. C,,H,,;0,N,C,H,O,N, requires C, 53-8; H, 3-0; N, 
10-56%). The hydrochloride was prepared for physiological investigation by decomposition 
of the picrate in methyl-alcoholic hydrogen chloride and precipitation with ether; its solutions 
exhibit a bright blue fluorescence. 
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333. Condensation of Phenols with Unsaturated Ketones or Aldehydes. 
Part I. B-Naphthol and Vinyl Methyl Ketone. 


By S. A. MILLER and ROBERT ROBINSON. 


A COLLATERAL investigation (Robinson and Walker, this vol., p. 1435) describes the synthesis 
of benzopyrylium salts by the condensation of reactive phenols with unsaturated ketones in 
acid solution and in the presence of an oxidising agent; the object of the present series is 
to study the condensation of phenols with af-unsaturated carbonyl compounds in the 
presence of basic catalysts. Asa typical case we examined the condensation of 6-naphthol 
and vinyl methyl ketone in the hope of obtaining 6-2-hydroxy-l-naphthylethyl methyl 
ketone (I): the substance is produced from these generators in cold alcoholic solution 
containing sodium ethoxide or potassium ethoxide. 


CH,°CH,"COMe CH:CH-COMe Me 
OH OMe 


/¥ eCl, 


(I.) (II.) (III.) 


The methy] ether of the phenolic ketone is readily obtained and is identical with a specimen 
made by catalytic reduction of 2-methoxynaphthylideneacetone (II). The oxidative 
ring-closure of (I) in the presence of hydrogen chloride should give a methylnaphthopyrylium 
chloride, and indications of this reaction were obtained in many experiments. However, 
most of the methods gave tarry products or mixtures containing further condensed material 
and a satisfactory conversion was only made possible by the combined action of phosphoryl 
chloride and chloranil. The resulting oxonium salt was characterised as the ferrichloride 


(III). 
EXPERIMENTAL, 


8-2-Hydroxy-1-naphthylethyl Methyl Ketone (I).—(A) The substance was first obtained by 
the use of sodium ethoxide. It crystallised from aqueous alcohol in colourless needles, m. p. 84° 
(Found : C, 78-3; H, 6-5. C,4H,,O, requires C, 78-5; H, 6-5%). 

(B) Vinyl methyl ketone (11 g., free from formaldehyde and its polymerides) was added to 
a solution of 8-naphthol (20 g.) in alcoholic potassium ethoxide (from 5 g. of potassium and 70 c.c. 
of anhydrous alcohol) and the mixture was kept for 4 days in the ice-chest. The alcohol was 
removed under diminished pressure, water added to the residue, and the phenols precipitated by 
the passage of carbon dioxide as an oil, which was washed with aqueous alcohol (1 : 1) in order 
to remove unchanged $-naphthol. The substance ultimately crystallised and was recrystallised 
from aqueous alcohol (yield, 7 g.), m. p. 84° alone or mixed with the analysed specimen. The 
substance is readily soluble in alcohol, benzene, or chloroform ; also in aqueous sodium hydroxide, 
but it is insoluble in aqueous sodium carbonate. 

In the course of attempts to bring about the oxidative ring-closure to a pyrylium salt, the 
phenolic ketone was dissolved in acetyl chloride and anhydrous ferric chloride added. An 
orange ferrichloride separated in prismatic crystals and this is a curiously stable compound of 
ferric chloride and the O-acetyl derivative of the hydroxy-ketone. It appears to be possible 
to crystallise this substance from formic acid, but it could not be obtained in an analytically 
pure condition. On decomposition with water or alcohol it yields a colourless crystalline sub- 
stance insoluble in cold aqueous alkalis but capable of hydrolysis under mild conditions and 
consequently soluble on heating with formation of the starting material, 
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The methyl ether was readily obtained by methylation of the phenolic ketone with methyl 
sulphate and aqueous sodium hydroxide. The oil, b. p. 205°/10 mm., crystallised from methyl 
alcohol, containing a little water, in white needles, m. p. 54° (it is better to omit the distillation) 
(Found : C, 79-0; H, 7-1. C,;H,,O, requires C, 78-9; H, 7-0%). 

2-Methoxy-1-naphthylideneacetone (II).—Aqueous sodium hydroxide (1-5 c.c. of 5%) was 
added to a solution of 2-methoxy-l-naphthaldehyde (7 g.) in pure acetone (50 c.c.), and the 
mixture kept for 24 hours. The excess of acetone was then removed, and the oily product 
isolated by means of ether and distilled, b. p. 195—205°/1mm. The distillate crystallised from 
aqueous acetone in light yellow needles, m. p. 146-5—147-5° [Found: C, 79-9; H, 6:3; M 
(Rast), 219. C,,H,,O, requires C, 79-6; H, 6-2%; M, 226]. The substance is readily soluble 
in alcohol, acetic acid, or acetone. 

Hydrogenation. A solution of the unsaturated ketone (0-2 g.) in acetic acid (10 c.c.) to which 
palladous chloride solution (2-5 c.c. of 0-5%) had been added was agitated with hydrogen at 
30—40° until decolorised. The product was 8$-2-methoxy-l-naphthylethyl methyl ketone, 
which, after crystallisation from aqueous methy] alcohol, had m. p. 54°, alone or mixed with a 
specimen obtained by methylation of the product of condensation of $-naphthol and vinyl 
methyl ketone. The yield was almost quantitative. 

2-Methyl-5 : 6-naphtha(1 : 2)pyrylium Ferrichloride (II1).—A mixture of hydroxynaphthy]l- 
ethyl methyl ketone (2 g.), chloranil (2-5 g.), and phosphoryl] chloride (25 c.c.) was cautiously 
heated to its boiling point; a vigorous reaction then occurred and this was allowed to subside; 
the process was repeated 4 times. The reaction mixture was then at once added to 5% hydro- 
chloric acid (100 c.c.), cooled, quickly filtered, and mixed with ferric chloride (20 g., crystallised) 
in concentrated hydrochloric acid (30 c.c.). The precipitated ferrichloride was collected, dried 
(3-5 g.), and crystallised from acetic acid, forming greenish-yellow prismatic needles, m. p. 151° 
but not to a clear liquid (Found: C, 42-8; H, 2-5; Cl, 36-2. C,,H,,OCl,Fe requires C, 42-7; 
H, 2-8; Cl, 36-1%). The yellow solution in sulphuric acid exhibits a brilliant bluish-green 
fluorescence, and this is also exhibited to a slightly less striking extent by solutions in acetic 
acid, alcohol, or even dilute aqueous acids. Aqueous solutions of the salt gradually decompose 
with deposition of an indigo-blue precipitate. The colourless pseudo-base may be taken up in 
ether or ethyl acetate after the addition of sodium acetate to an aqueous solution; the organic 
layer may then be washed with 5—10% hydrochloric acid and the yellow chloride regenerated. 
This salt is not stable in aqueous solution containing less than 5% of hydrogen chloride. 

On hydrolysis with boiling aqueous alcoholic sodium hydroxide and acidification of the 
diluted solution with acetic acid a very sparingly soluble, crystalline, pale greenish-yellow sub- 
stance was precipitated. This becomes deep blue (dichroic-red) on heating with acetic acid and 
it could be reconverted into the original ferrichloride by careful heating with a mixture of acetic 
and hydrochloric acids and addition of ferric chloride. Perhaps the sparingly soluble substance 
is a dimeride of 2-hydroxy-1l-naphthylideneacetone, or this whole series of substances contains 
less hydrogen than we now suggest. Oxidative coupling at the methyl group is a possibility 
which the analyses do not exclude. 
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334.—Some Derivatives of 3-Ethylpyridine and 2 : 3-Furano(2’ : 3’) pyridine. 
By RosBert RoBINson and J. S. Wart. 


THE substances herein described have all been obtained in the course of various attempts 
to synthesise meroquinenine or an equivalent substance which could be utilised as a starting 
point for synthetical work. Some promising routes have been developed, but the poor 
overall yields have usually set a limit to their useful exploitation and an entirely satis- 
factory method is still to be found. 

The account must necessarily cover a somewhat diverse range of topics and the following 
are the chief points. 

(1) 88’-Dicyanodiethylaniline has been prepared from the related glycol and dichloro- 
derivative. It is very stable towards basic catalysts and exhibits no tendency towards 
ring closure (Thorpe reaction). 

(2) An attempt to prepare $-phenoxyethylchelidonic acid failed because the condens- 
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ation of y-phenoxypropyl methyl ketone and ethyl oxalate did not yield a derivative of 
ethyl acetonedioxalate but a cyclic ketone (I). 


gq) PhO-C,HyCH—CO—CH-CO-CO,Et PhO-C,H,CH—CO—CH, 
; co co co———CO 


Diels, Sielisch, and Miiller (Ber., 1906, 39, 1328) have observed analogous reactions. On 
hydrolysis by means of aqueous alcoholic hydrochloric acid, the ¢riketone (II) was obtained. - 
The acidic properties of the latter substance make it evident that an enolic modification is 
the stable form; this is not represented in the formule on account of the difficulty of 
deciding the position of the hydroxyl group. Further, the properties of (II) exclude the 
unsaturated lactone alternative formula. 

(3) It seemed feasible to apply the 2 : 6-dihydroxypyridine synthesis of Rogerson and 
Thorpe (J., 1905, 87, 1685) to ethyl acetonedicarboxylate and ethyl cyanoacetate, but this 
project could not be realised, according to either the original conditions, or those of Rogerson 
and Thorpe (J., 1908, 89, 658), or of Kon and Nanji (J., 1931, 566). 

We therefore turned to condensations of ethyl «-cyano-y-phenoxybutyrate with ethyl 
muconate (compare Farmer, J., 1927, 1065; 1930, 1614; 1931, 1762), with ethyl 6-chloro- 
glutarate and with ethyl 8-chloroglutaconate. The last reaction gave the best result and 
we obtained the pyridine acid (III) as a hydrochloride by hydrolysis of the product. 
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CH,:CH,-OPh __ 
(Ill.) H H H, H-CH:CH,  (IV-) 
N CH, CH, 


\ny”% 


Unfortunately, this acid proved to be very intractable and a method for the reduction of 
the pyridine nucleus was sought in vain. The relation of the substance to meroquinenine 
(IV) is, however, so close that further work in this direction has been planned. 

(4) A method of protection of the oxygen in the side chain that seemed worth prosecut- 
ing was that suggested by the isolation of a dihydrofuranopyridine (V) as a by-product of 
the hydrolysis of the condensation product of ethyl potassio-«-cyano-$-methylglutaconate 
and $-phenoxyethyl iodide (Matejka, Robinson, and Watt, J., 1932, 2020). This method 
of preparation, however, could not be developed to a practicable extent. Accordingly we 
have devised other methods for the synthesis of simple representatives of the furano- 


pyridine group. 
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2 : 6-Dihydroxy-4-methylpyridine (Rogerson and Thorpe, J., 1905, 87, 1685) condenses 
with malic acid in the presence of sulphuric acid at 100° with formation of the hydroxy- 
methylpyridino-a-pyrone (VI) in approximately 50% yield (v. Pechmann’s coumarin 
synthesis). Bromination of this substance or its O-benzoyl derivative in neutral solvents 
was not a convenient operation, but in acetic acid solution a dibromo-derivative (VII) was 
produced. The coumarilic acid-type rearrangement( compare W. H. Perkin, sen., Z. Chem., 
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1871, 7, 178; Fittig and Ebert, Annalen, 1883, 216, 163) was brought about by the action 

of alcoholic potassium hydroxide and the product (VIII) was reduced by means of zinc dust 

and sodium hydroxide to the hydroxymethylfuranopyridinecarboxylic acid (IX), which was 

decarboxylated by heating with a mixture of hydrochloric and acetic acids after other 

methods had been. found to fail. The hydroxyfuranopyridine (X) could not be directly 

reduced, but the hydroxyl group was replaced successively by a chlorine atom, the hydr- 
. azino-group, and a hydrogen atom, with eventual formation of 4-methyl-2 : 3-furano- 

(2’ : 3’)pyridine (XI). 

CH,°CH,°CO,H 
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We confidently anticipated that, by known methods, this base could be converted into 
(XIT) and (XITI), but under all conditions tried the initial condensation with chloral could 
not be effected; the methyl group appears to be inactive. It is therefore proposed to 
continue the investigation starting with a carboxyl group already in situ in the 4-positioned 
side chain. 

The action of phosphoryl chloride on the hydroxymethylpyridinopyrone (VI) furnishes 
the chloro-compound (XIV) and on reduction with hydriodic acid and phosphorus, 
8-(2-hydroxy-4-methyl-3-pyridyl)propionic acid (XV) is obtained. Zinc and hydrochloric 
acid, however, reduce the double bond only and again the lactone ring is opened; the 
product has the formula (XVI). Chlorination of (XV) by means of phosphoryl chloride 
furnishes the acid (XVII), which appears to possess a considerable degree of stability 
towards hydriodic acid and phosphorus, as it was only obtained pure after vigorous treat- 
ment with these ome 
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88’-Dichlorodiethylaniline.—Phosphorus pentachloride (60 g.) was added in small portions 
with cooling to a solution of 8$’-dihydroxydiethylaniline (50 g., redistilled ina vacuum; m. p. 
54°) in chloroform (100c.c.). A very vigorous reaction occurred, the chloroform boiled, and the 
flask was immersed in cold water. When the reaction had subsided, the mixture was heated 
on the steam-bath until no more hydrogen chloride was evolved (2—3 hours). The chloroformic 
solution was then mixed with ice-water, and the chloroform layer separated, washed with water, 
dried, and distilled, a fraction, b. p. 164°/14 mm., being collected. After 2 days, the distillate 
solidified and on recrystallisation from methyl] alcohol was obtained as colourless stout prisms, 
m. p. 45° (yield, 45 g. or 75%) (Found: C, 55-3; H, 5-7; Cl, 33-8. C,9H,,;NCl, requires C, 55-1; 
H, 5-9; Cl, 32-6%). 

88’-Dicyanodiethylaniline.—Potassium cyanide (40 g. in 70 c.c. of water) was gradually 
added to a boiling solution of 68’-dichlorodiethylaniline (40 g.) in methyl alcohol (200 c.c.). 
The solution was refluxed for 6 hours; the chloride gradually passed into solution and potassium 
chloride was precipitated. Most of the solvent was distilled and the oil which separated on 
addition of water to the residue solidified almost immediately to a brownish-white mass. 
Recrystallised many times from alcohol or alcohol—ether, the colourless plates had m. p. 81°, 
not raised by further crystallisation from benzene-light petroleum. The substance is sparingly 
soluble in ether and light petroleum, but readily soluble in most other solvents and in acids of 
moderate concentration (Found : C, 72:2; H, 6-9; N, 20-8. C,,H,,N, requires C, 72-4; H, 6-5; 
N, 21-1%). 





- fe Oe ae oe ee lU6melhlUeelUe.l Ue ee Ce Oe 


So we Ons Oem Se ~~ Re OAD oa 


3-Ethylpyridine and 2: 3-Furano(2’ : 3')pyridine. 1539 


The dinitrile is a very stable substance. It was recovered unchanged after refluxing for 
several hours with absolute alcoholic sodium ethoxide (0-1 mol.), and after several hours’ boiling 
with 20% hydrochloric acid. On heating with caustic soda solution, the oily layer of dinitrile 
gradually dissolved and ammonia was evolved. Attempts to induce ring closure by means of 
sodium in toluene suspension in hot diethylaniline were not successful. Dry hydrogen chloride 
was passed through an absolute alcoholic solution of the dinitrile for some time, but there was 
no apparent change. On heating, however, a rapid separation of ammonium chloride occurred 
and after 2 hours the contents of the flask were poured into water and the oil which separated 
was collected by means of ether and distilled, giving (1) b. p. 55—60°/15 mm., (2) b. p. 140—160°/ 
15 mm., and a gummy residue. On redistillation at the ordinary pressures, (1) had b. p. 162— 
163° and was identified as ethyl 6-chloropropionate, b. p. 162—163°/760 mm. Fraction (2) was 
redistilled in a vacuum, but it again boiled over a wide range and no pure sample could be 
secured. No picrate or picrolonate could be obtained, but it probably consisted essentially of 
ethyl 6-anilinopropionate. 

5-8-Phenoxyethylcyclopentane-| : 3 : 4-trione-2-oxalate (1).—y-Phenoxypropy] methyl ketone 
was obtained by the method of Boyd-Barrett and Robinson (J., 1932, 318); the intermediate 
ethyl y-phenoxy-a-acetylbutyrate was isolated, b. p. 195°/30 mm. (Found: C, 67-0; H, 7-3. 
C,4H,,O0, requires C, 67-2; H, 7-2%). The ketone obtained on hydrolysis was condensed with 
ethyl oxalate according to the prescription of Willstatter and Pummerer (Ber., 1904, 37, 3734) 
for the preparation of ethyl acetonedioxalate. Sodium (2-3 g.) was dissolved in absolute alcohol 
(33 c.c.), and the solution divided into two equal parts. To one, a mixture of y-phenoxypropyl 
methyl ketone (7-9 g.) and ethyl oxalate (8 g.) was added with shaking and cooling. A further 
amount of ethyl oxalate (8 g.) and the second half of the alcoholic sodium ethoxide were then 
added and the flask was heated without a condenser in an oil-bath at 110°. As the alcohol 
distilled, the contents of the flask gradually solidified and were occasionally stirred. After 30 
minutes the cooled melt was decomposed by means of dilute hydrochloric acid and an abundant 
crop of crystals (11 g.) was obtained; recrystallised from alcohol, clusters of very small plates, 
m. p. 145°, were formed (Found: C, 61-3; H, 4-9. C,,H,,O, requires C, 61-4; H, 4-8%). 
The substance is acid to litmus and methyl-orange, and gives a dark green ferric reaction in 
alcoholic solution. 

5-8-Phenoxyethylcyclopentane-1 : 3 : 4-trione (II).—The ester was hydrolysed by refluxing for 
2—3 hours with concentrated hydrochloric acid containing sufficient alcohol to dissolve the 
oil at the boiling point. A small amount of tar separated, the liquid was filtered hot and the 
filtrate, on cooling, deposited needles. Recrystallisation from aqueous alcohol afforded colourless 
needles, m. p. 119-5° (Found: C, 67-1; H, 5-3. C,,;H,,O, requires C, 67-2; H, 5-2%). The 
substance is acidic to litmus and methyl-orange, gives a light reddish-brown ferric reaction, 
and is readily soluble in alcohol. 

Attempts to prepare Derivatives of Succinacetic Estery.—These can be briefly mentioned. The 
condensation product of ethyl sodio-y-phenoxy-a«-acetylbutyrate and B-carbomethoxypropionyl 
chloride furnished, on carefully graduated hydrolysis with aqueous sodium hydroxide, only 
y-phenoxybutyric acid, m. p. 62° (Found: C, 66-7; H, 6-8. Calc. for C,gH,,0O,;: C, 66-7; 
H,6-7%). The product of condensation of ethyl sodioacetoacetate and carbomethoxypropiony] 
chloride (30 g.) in dry ether had b. p. 148—150°/20 mm. (yield, 18-2 g.) and on hydrolysis with 
cold 2% aqueous sodium hydroxide it furnished the acid, Me*‘CO*CH(CO,Et)*CO*CH,°CH,°CO,H, 
which crystallised from light petroleum in colourless prisms, m. p. 82-5° (Found: C, 52-5; 
H, 6-2. Calc. for CygH,,O,: C, 52-2; H, 6-1%). This acid has been previously obtained by 
Scheiber (Ber., 1911, 44, 2423) as a reaction product from ethyl sodioacetoacetate and succinyl 
chloride. More vigorous hydrolysis broke up the molecule too completely and we were unable 
to obtain the desired succinacetic ester by splitting off the acetyl group alone. 

The methods of hydrolysis tried were the action of ammonium chloride with or without 
ammonia on the sodio-derivative (cf. Claisen, Annalen, 1906, 291, 70) and shaking the ethereal 
: aa of the ester with concentrated ammonia for an hour (cf. Borsche and Blount, Ber., 1930, 

, 2419). 

Finally, the attempted condensation of ethyl fumarate and ethyl acetate by means of sodium 
gave ethyl acetoacetate and a black viscous residue which set to a glassy resin. 

Ethyl a-Cyano-y-phenoxybutyrate—After numerous experiments the following conditions, 
based on the method of G. M. Robinson (J., 1924, 125, 226), were adopted. A mixture of 
8-phenoxyethyl bromide (40 g.), cyanoacetic ester (113 g.), and anhydrous potassium carbonate 
(28 g.) was refluxed under 40—60 mm. pressure (oil-bath at 130—140°) for 4 hours. The tem- 
perature was then raised to 140—150° for 30 minutes and the oil which separated on the addition 
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of water was collected by means of ether and distilled, b. p. 190—195°/14—15 mm. (yield, 
41-5 g. or 90%) (Found: C, 67-0; H, 6-4. C,,;H,,0,N requires C, 66-9; H, 6-4%). The sodio- 
derivative of this ester was condensed in alcoholic solution with ethyl 8-chloroglutarate (obtained 
by the method of Dreifuss and Ingold, J., 1923, 123, 2964, from dichlorohydrin, but only in 10% 
yield instead of the 75% reported; some important detail must have been omitted from the 
description), but the expected condensation product, b. p. ca. 200°/0-2 mm., gave no crystalline 
products on hydrolysis. 

Condensation of Ethyl «-Cyano-y-phenoxybutyrateand Ethyl Muconate.—Ethyl cyanophenoxy- 
butyrate (24 g.) was added to alcoholic sodium ethoxide (0-375 g. of sodium in 15 c.c.), and dry 
ether introduced until a faint turbidity appeared; ethyl muconate (20 g.) was then added, and 
the mixture refluxed for 6@—8 hours. Acetic acid (1 g.) and water (10 c.c.) were then added with 
vigorous shaking and the ethereal solution was washed, dried, and distilled, giving unchanged 
materials (22 g.) and a very viscous yellow oil (18-5 g.), b. p. 212°/0-2 mm. (Found: C, 64-1; 
H, 6-6; N, 3-5. C,3;H,,O,N requires C, 64-0; H, 6-7; N,3-3%). The pale yellow oil is doubt- 
less ethyl a-cyano-a-f-phenoxyethyl-B-carbethoxymethyladip-y8-enate. 

Hydrolysis. The use of sulphuric acid as recommended in similar cases was not successful 
and a better method was the following. The crude product of the reaction after the removal of 
unchanged initial material was used for the hydrolysis. The addition product (10-8 g.) and 
potassium hydroxide (12-5 g.) were dissolved in methyl alcohol (130 c.c.) and heated on the 
steam-bath until a sample was completely soluble in water (ca. 2 hours). The solvent was then 
removed, water and hydrochloric acid added to the residue, and the separated oil was collected 
by ether and solidified after trituration with light petroleum. It is freely soluble in most organic 
solvents with the exception of benzene and light petroleum, but cannot be crystallised from 
these media. Finally, and after great difficulty, the acid was purified by many recrystallisations 
from water containing a little acetic acid (charcoal). The white crystals, m. p. 137—138°, are 
acid to litmus and exhibit no iron reaction (Found: N, 4-0. C,,H,,0,N requires N, 4-0%). 
The estimation of carbon was unsatisfactory and the amount of pure acid obtained was very 
small. Inthe hope of improving the method by altering the order of the stages, the addition of 
cyanoacetic ester to muconic ester was studied, but without useful outcome. 

Condensation of Ethyl Sodiocyanophenoxybutyrate with Ethyl 8-Chloroglutaconate.—Ethy] 
6-chloroglutaconate was prepared from citric acid by the method of Ingold and Nickolls (J., 
1922, 121, 1642. See also Pechmann, Ber., 1887, 20, 147). Ethyl cyanophenoxybutyrate 
(31 g. and 100 c.c. of alcohol) was added to a solution of sodium ethoxide (sodium, 3-1 g., and 
alcohol, 40 c.c.), and ethyl 8-chloroglutaconate (29-7 g. and 10c.c. of alcohol) was then introduced 
with cooling in ice-water. A vigorous reaction set in and the alcohol finally boiled ; the mixture 
was heated on the steam-bath for 30 minutes, then poured into water, and the oil which separated 
was collected by means of ether (yield, almost quantitative). The viscous oil was usually 
hydrolysed immediately as described below; a sample was obtained as a light yellow oil, b. p. 
ca. 210° /0-2 mm. (Found : C, 65-2; H, 7-1. C,,H,,O,N requires C, 63-3; H, 6-5%. C,,H,30;N 
requires C, 66-1; H, 6-7%). Hence the main constituent of the product has the formula 
PhO*C,H,*CH(CN)*C(CH,°CO,Et):CH’CO,Et. 

Hydrolysis of the above Condensation Product. Formation of the Hydrochloride of 2 : 6-Di- 
hydroxy-3-(8-phenoxyethyl)pyridyl-4-acetic Acid (III).—The crude oil from the above condens- 
ation was boiled with a large excess of concentrated hydrochloric acid for 10—12 hours. The 
solution was concentrated and, on cooling, the hydrochloride of the dihydroxypyridine acid 
separated together with tar. The solid was collected and extracted with moderately concen- 
trated hydrochloric acid as often as required, and, on cooling these extracts, the hydrochloride 
separated as white crystals (yield, 13 g. from 30 g. of chloroglutaconic ester). The substance 
recrystallised from acetic acid in colourless prisms, m. p. 146° (decomp.) (Found: C, 55:1; 
H, 4-9; N, 4-4. C,,;H,,O0,NCl requires C, 55-3; H, 4:9; N, 43%) with the properties of a 
2: 6-dihydroxypyridine. It gives a reddish-brown coloration with ferric chloride, and in 
alkaline media it turns green on exposure to air; it also stains the skin purple. The free base 
was obtained as a viscous oil that could not be crystallised. 

The action of phosphory] chloride and of thionyl] chloride on this salt gave only amorphous 
products and no homogeneous methy] ether was obtained by treating it with diazomethane. 

Bromination afforded colourless elongated prisms, m. p. 187—188° (decomp.) (Found: 
C, 31-3; H, 2-5; Br, 48-8%), which seem to be a mixture of tribromo- and tetrabromo-com- 
pounds. This substance could not be chlorinated (replacement of OH). Attempted reductions 
of the dihydroxypyridine acid were also made in several promising directions, but without 
useful result. 





3-Ethylpyridine and 2: 3-Furano(2’ : 3')pyridine. 1541 


Lactone of 8-(2 : 6-Dihydroxy-4-methyl-3-pyridyl)acrylic Acid (V1).—Malic acid (22 g.) was 
added to a mixture of 2 : 6-dihydroxy-4-methylpyridine (20 g.) and concentrated sulphuric acid 
(60 c.c.), and the whole heated on a steam-bath for 5—6 hours, precautions being taken against 
frothing. The deep brown solution was then cooled and poured into water; almost immediately 
a light brown solid began to separate. After cooling and keeping for some hours, the substance 
was collected and dried at 100° (yield, about 50%). It crystallised from 96% alcohol, in which 
it was sparingly soluble, or from acetic acid, in colourless needles, m. p. 295—296° (Found : 
C, 61-1; H, 3-9; N, 81. C,H,O,N requires C, 61-0; H, 4:0; N, 7-9%). The substance 
develops a reddish-brown coloration with alcoholic ferric chloride; it is soluble in moderately 
concentrated acids, and readily soluble in alkalis. 

The benzoyl derivative could not be prepared by the Schotten—Baumann method, and 
benzoylation was therefore carried out in pyridine solution by means of an excess of benzoyl 
chloride. The crude product was collected, washed free from pyridine, and crystallised from 
alcohol, forming long colourless needles, m. p. 209° (yield, 70—75%) (Found : N, 5-1. C,,H,,O,N 
requires N, 5-0%). The substance gives no coloration with alcoholic ferric chloride. 

Lactone of «-Bromo-(5-bromo-2 : 6-dihydroxy-4-methyl-3-pyridyl)acrylic Acid (VII).—(A) As 
the above benzoyl derivative is very sparingly soluble in the usual neutral solvents, bromination 
was effected without solvent or in acetic acid solution. In the former case an excess of bromine 
was added cautiously and with cooling; heat was evolved and hydrogen bromide was produced, 
giving evidence of substitution. After a short time the clear liquid solidified ; alcohol was then 
added and the product separated as a yellow sandy powder, which was washed with alcohol and 
recrystallised from much glacial acetic acid, forming minute, light yellow cubes, decomposing 
at ca. 297° (Found : Br, 46-8. C,H,O,;NBr, requires Br, 47-7%). 

(B) The product obtained by brominating the pyridinopyrone itself was the same as that 
obtained from the benzoyl derivative, proving that the latter had been hydrolysed during the 
process. Various conditions were tried in the hope of confining the halogenation to the pyrone 
nucleus, but in all cases a bromine atom was introduced into the pyridine nucleus as well. Thus 
bromination in hot or cold acetic acid and in pyridine produced the same substance. Finally 
the following method was adopted for the preparation of the derivative. 

The lactone (17-7 g.) was dissolved in the minimum quantity of hot acetic acid, and bromine 
(12-8 c.c.) in acetic acid (25 c.c.) was added in small portions with constant stirring. Hydrogen 
bromide was copiously evolved and very soon a voluminous, sandy, reddish-yellow deposit was 
formed and after keeping for a few hours this was collected and well washed with alcohol. The 
solution deposited a little more of the product on long keeping (yield, 30-4 g. or 91%). Recrystal- 
lised from acetic acid, it had m. p. 298° (decomp.) and was identical in all respects with the 
product from the benzoyl derivative (A) (Found: C, 32-7; H, 1:9; Br, 46-8. C,H,O,NBr, 
requires C, 32-2; H, 1-5; Br, 47-7%). 

5-Bromo-6-hydroxy-4-methyl-2 : 3-furano(2’ : 3')pyridine-5'-carboxylic Acid (VIII).—The 
bromo-derivative was boiled for 2 hours with an excess of ethyl-alcoholic potash, much flocculent 
material separating. Water was added to dissolve the solid; when the solution was acidified 
with hydrochloric acid, voluminous crystals separated. The substance crystallised from acetic 
acid, in which it was sparingly soluble, in colourless pointed prisms which decomposed without 
melting at 245° (Found: C, 39-6; H, 2-7; Br, 28-6. C,H,O,NBr requires C, 39-7; H, 2-2; 
Br, 29-0%) and gave a positive ferric reaction. 

6-Hydroxy-4-methyl-2 : 3-furano(2’ : 3')pyridine-5-carboxylic Acid (IX).—(A) The bromo-acid 
(3 g.) was dissolved in 10% aqueous sodium hydroxide (70 c.c.), zinc dust (10 g.) added, and 
the whole refluxed for 4 hours. The filtered solution was acidified, giving a very fine, white 
precipitate, which was recrystallised from acetic acid, forming clusters of needles, m. p. 278° 
(decomp.) (Found: C, 55-9; H, 3-8; N, 7-5. C,H,O,N requires C, 56-0; H, 3-6; N, 7-3%). 
The following details refer to the combination of two stages. 

(B) The dibromo-pyridinopyrone (12-5 g.) was heated with 10% aqueous sodium hydroxide 
(250 c.c.) for 30 minutes, zinc dust (10 g.) was then introduced, and the heating continued for a 
further 3—4 hours. The filtered solution was cooled, and the acid isolated (6-7 g. or 93%), 
m. p. 278° (decomp.). 

6-H ydroxy-4-methyl-2 : 3-furano(2’ : 3’)pyridine (X).—Ordinary methods of decarboxylation 
were tried but did not succeed and it was then found that loss of carbon dioxide occurred in 
concentrated sulphuric acid solution. The yield was bettered by the use of concentrated hydro- 
chloric acid and the following method gave still improved results. 

A mixture of the furanopyridinecarboxylic acid (14 g.), acetic acid (120.c.c.), and concentrated 
hydrochloric acid (40 c.c.) was refluxed; the solid gradually disappeared with frothing and 
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solution was complete in 30 minutes. The cooled liquid was diluted with water, and sufficient 
ammonia added to neutralise only the hydrochloric acid present. The solid was collected, dried, 
and extracted with hot ethyl acetate, which dissolved the desired product and left an amorphous 
residue. The recovered material crystallised from alcohol in plates, m. p. 203° (Found : C, 64-4; 
H, 4-8; N, 9-5. C,H,O,N requires C, 64-4; H, 4-7; N, 9-4%). 

This hydroxymethylfuranopyridine is a moderately strong acid and even decomposes sodium 
carbonate in aqueous solution. It develops a reddish-brown coloration with alcoholic ferric 
chloride and is very readily converted into amorphous material when subjected to the action of 
reagents. 

6-Chloro-4-methyl-2 : 3-furano(2’ : 3')pyridine.-—The reduction of the substance last described 
was attempted by means of heating with zinc dust in a stream of hydrogen. On the cooler parts 
of the tube a crystalline product separated in very small amount, recognised as unchanged 
hydroxy-compound. Inaddition, there was a substance of pyridine-like odour, which was later 
obtained by other methods of reduction and recognised as the hydroxyl-free base. 

Attempts were made to replace the hydroxyl group by chlorine with the help of phosphorus 
pentachloride and a little phosphoryl] chloride at 120—130°, but only amorphous material was 
obtained. Refluxing with phosphoryl chloride alone gave mainly unchanged initial material 
together with a little decomposition product. 

Finally chlorination by means of phosphoryl] chloride in a sealed tube was successful. The 
hydroxyfuranopyridine was heated with twice its weight of phosphoryl] chloride for 4 hours at 
170—180°. The contents of the tube were poured carefully into ice-water ; a dark oil separated, 
and solidified on cooling. The crude material was extracted with light petroleum (b. p. 40—60°) 
and the chloro-derivative was obtained on concentration in a pure condition as beautiful clusters 
of long thin plates, m. p. 45°, not changed by recrystallisation (yield, 40% but variable) (Found : 
C, 57-3; H, 3-7; Cl, 21-3. CgH,ONCI requires C, 57-3; H, 3-6; Cl, 21-2%). The substance is 
readily soluble in the cold in ether, alcohol, benzene and to a lesser extent in light petroleum ; 
it is soluble in moderately concentrated hydrochloric acid but is insoluble in alkalis; it gives no 
ferric reaction. 

6-Hydrazino-4-methyl-2 : 3-furano(2’ : 3')pyridine.—Chloromethylfuranopyridine (4-3 g.) was 
refluxed with hydrazine hydrate (30 c.c. of 95%) for 4 hours. The oil gradually entered into 
reaction; an appreciable amount undissolved was found to be the hydrazino-derivative and not 
unchanged initial material. On cooling and keeping, almost all of the Aydrazine separated in 
clusters of needles, which were recrystallised from benzene-light petroleum, forming very pale 
yellow, fine needles, m. p. 88-5° (yield, 88%) (Found: C, 59-1; H, 5-4; N, 25-6. C,H,ON, 
requires C, 58-9; H, 5-4; N, 25-8%). The substance reduces Fehling’s solution readily. 

4-Methyl-2 : 3-furano(2’ : 3')pyridine (XI).—A solution of copper sulphate (16 g.) in water 
(50 c.c.) was added to one of the hydrazine (2 g.) in a little acetic acid. Nitrogen was evolved 
slowly in the cold, but rapidly, with the production of troublesome emulsions, on gentle heating ; 
when no more gas was evolved, the solution was basified with ammonia, filtered, and the filtrate 
extracted 3 or 4 times with ether. On removal of the ether there remained an oil (1 g.) with an 
odour resembling that of pyridine, b. p. 118°/20 mm. The picrate, prepared in alcoholic 
solution, crystallised from alcohol as yellow rhombic plates, m. p. 151° (Found : C, 46-5; H, 2-8; 
N, 15-4. C,H,ON,C,H,O,N, requires C, 46-4; H, 2-8; N, 15-5%). Copper acetate was also 
used for the oxidation, with inferior results. 

Attempts to condense 4-methyl-2 : 3-furano(2’ : 3’)pyridine with chloral were made without 
solvent, by heating the oily base with a large excess of chloral together with a trace of zinc 
chloride for 18 hours at 80°. The brown oily product yielded the picrate, m. p. 151°, described 
above. 

The condensation was also attempted in isoamy] acetate solution, but again without success. 

Lactone of 8-(2 : 6-Dihydroxy-4-methyl-3-pyridyl)acrylic Acid (XIV).—The hydroxy-lactone 
(4-3 g.) and phosphory] chloride (15 c.c.) were heated at 150—160° for 4 hours in a sealed tube, 
and the reddish-purple liquid decomposed by ice-water. A copious precipitate of a reddish- 
coloured crystalline solid separated and on crystallisation from alcohol (norite) it separated as 
long, pale yellow needles, m. p. 175° (Found: C, 55-2; H, 3-0; N, 6-8; Cl, 18-1. C,H,O,NCl 
requires C, 55-3; H, 3-1; N, 7-2; Cl, 18-2%). The substance gives no coloration with alcoholic 
ferric chloride; it is soluble in moderately concentrated acids and readily soluble in cold dilute 
alkalis. 

8-(2-Hydroxy-4-methyl-3-pyridyl)propionic Acid (XV).—The chloro-compound (1 g.) along 
with hydriodic acid (10 c.c., d 1-7) and a little red phosphorus was refluxed for 18 hours. Water 
was added to the clear solution, which was filtered and evaporated on the steam-bath, almost to 
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dryness. Water was then added, and the solution basified with ammonia and made acid with 
acetic acid. The brownish-yellow precipitate crystallised from alcohol (norite) as irregular 
plates, m. p. 214° (Found: C, 59-2; H, 6-0; N, 7-7. C,H,,O,N requires C, 59-7; H, 6-1; 
N, 7:7%). The substance is acid to litmus, soiuble in both aqueous acids and alkalis, and gives a 
ferric reaction. It does not yield a picrate in alcoholic solution. The yield in the reduction 
is good. 

6-Chloro-8-(2-hydroxy-4-methyl-3-pyridyl) propionic Acid (XV1).—The chloro-compound (1 g.) 
and zinc dust (3 g.) were added to dilute hydrochloric acid and when all the zinc had dissolved 
the solution was made alkaline with ammonia, acid with acetic acid, and extracted several times 
with ether. After removal of the solvent the small residual solid crystallised from alcohol in 
irregular plates, m. p. 204—206° (Found: C, 50-3; H, 4-9; N, 6-3. C,H, ,O,;NCl requires 
C, 50-1; H,4:7; N,6-5%). Thesubstance givesa ferric reaction and possesses acidic properties. 

8-(2-Chloro-4-methyl-3-pyridyl)propionic Acid (XVII).—Hydroxymethylpyridylpropionic 
acid (1 g.) was heated with phosphoryl chloride (5 c.c.) in a sealed tube at 210° for 4 hours. 
The product was decomposed with ice-water, and the solution was basified with ammonia, 
filtered from amorphous dark brown material, acidified with acetic acid, and extracted several 
times with ether. After evaporation of the solvent, the residual oil solidified (0-5 g.) on tritur- 
ation with light petroleum. Alcohol dissolved most of the solid and the residue after recrystal- 
lisation from alcohol gave a very small amount of a substance, m. p. 142—143°, not further 
investigated owing to the small yield. The more soluble constituent crystallised from benzene— 
light petroleum (b. p. 60—80°) in long prisms, m. p. 101° (Found : C, 59-3; H, 4-7; Cl, 11-6%). 
It is probable that this specimen was a mixture of C,H ;,0,NCI (see below) and C,H,O,N (C, 66-3; 
H, 55%), the latter being the composition of the lactone of hydroxymethylpyridylpropionic 
acid. When the substance, m. p. 101°, was submitted to the action of boiling hydriodic acid 
and phosphorus, and the product isolated by means of ether and crystallised from benzene-light 
petroleum, an acid, m. p. 128°, was obtained (Found: C, 54-1; H, 5-1; N, 7-0; Cl, 18-2. 
C,H,,O,NCI requires C, 54-1; H, 5-0; N, 7-0; Cl, 17-8%). The hydriodic acid and phosphorus 
had brought about no essential change, but the process merely acted as a method of purification. 
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335. <A Synthesis of Certain Higher Aliphatic Compounds. Part IV. 
Synthesis of n-Triacontanoic Acid from Stearic Acid. 


By (Mrs.) G. M. RoBInson. 


THE method of extension of the carbon chains of carboxylic acids which was developed in 
Part III (J., 1930, 745) enables us to pass up the homologous series by a number of 
methylene groups at a time which is limited only by the inaccessibility of the higher #-bromo- 
n-fatty acids. It happens that the acid of this type with the longest chain and which is 
also readily available is #-bromoundecoic acid and the use of this acid enables an extension 
of twelve methylene groups to be made in one series of operations. 

By a fortunate chance, this should allow of the synthesis of »-triacontanoic acid from 
stearic acid and we thus directly connect two chain-lengths of importance in the chemistry 
of natural products. 

As stearic acid has been so closely studied that the purity of the starting point can be 
guaranteed, the synthetical scheme offered the opportunity of establishing a standard of 
reference in a group which is characterised by a very confused literature. 

Ethyl «-acetylbrassylate, CO,Et*[CH]19*CH(COMe)-CO,Et, was prepared from ethyl 
«-bromoundecoate and ethyl sodioacetoacetate, and its sodio-derivative condensed with 
stearoyl chloride to ethyl «-acetyl-«-stearoylbrassylate, which on hydrolysis in stages 
afforded 13-keto-n-iriacontanoic acid, CHg[CH,],,_°*CO-[CH,],,-CO,H. This keto-acid on 
reduction by Clemmensen’s method (Ber., 1913, 46, 1837) yields n-triacontanoic acid, 
m. p. 93-5—94°. The acid has already been compared and identified by Chibnall, Latner, 
Williams, and Ayre (Biochem. J., 1934, 28, 321) with one obtained by them as a product 
of hydrolysis of coccerin. Professor A. C. Chibnall has also kindly sent me a specimen of 
a triacontanol isolated by him from lucerne; also the triacontanoic acid obtained from it 
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on oxidation. These products are identical with n-triacontanol and n-triacontanoic acid 
synthesised by the above method. The alcohol was obtained from the acid by the 
Bouveault-reduction of ethyl -triacontanoate. 

Starting with n-triacontanoic acid, it has been found possible to obtain 13-ketodotetra- 
contanoic acid, CHs*[CHg],_°CO-[CH,],,;CO,H, but the separations necessary become 
very difficult to effect and the preparation of quantities adequate for a study of the related 
normal acid has not yet been possible. 


EXPERIMENTAL. 


Ethyl a-Acetylbrassylate.—Working in the usual manner in boiling alcoholic solution, ethyl 
11-bromoundecoate (52-5 g.) and ethyl sodioacetoacetate (30 g. of the ester) gave ethyl a-acetyl- 
brassylate (40 g.), b. p. 202°/0-5 mm, (Found: C, 66-5; H, 9-9. C,,H 3,0; requires C, 66-7; 
H, 9-9%). An attempt to condense the sodio-derivative of this ester with n-hexoy] chloride, 
followed by hydrolysis and reduction to stearic acid, gave, instead, myristic acid. In this 
case it appears that the hexoyl group was preferentially removed in the hydrolysis. The inter- 
mediate keto-acid was, of course, obtainable from ethyl acetylbrassylate itself. The ester 
(5 g.) was refluxed with acetic acid (100 c.c.), sulphuric acid (20 c.c.), and water (100 c.c.) for 
2 hours; the 13-ketomyristic acid (2-8 g.) produced crystallised from light petroleum in colourless 
plates, m. p. 75° (Found: C, 69-6; H, 10-6. C,,H,,O3 requires C, 69-7; H, 10-7%). On 
reduction by Clemmensen’s method, myristic acid was produced, colourless plates from light 
petroleum—benzene, m. p. 53-5—54° (Found: C, 73-7; H, 12-1. Calc. for C,gH,,O,: C, 73-7; 
H, 12-1%). 

13-Keto-n-iriacontanoic Acid.—A solution of ethyl «-acetylbrassylate (38 g.) in dry ether 
(100 c.c.) was added to a suspension of finely granulated sodium (2-6 g.) in ether (100 c.c.), and 
the formation of the sodio-derivative completed by heating ona steam-bath. Stearoyl chloride 
(from 31-7 g. of stearic acid * by the action of thionyl chloride) in ether (250 c.c.) was gradually 
introduced with cooling and next day the mixture was refluxed for 1 hour. After removal of 
the solvent the product was shaken in the cold with aqueous sodium hydroxide (150 c.c. of 3%) 
for 8 hours, isolated, and treated with boiling dilute sulphuric acid (1750 c.c. of §%) for 12 hours. 
The greater part of the product solidified on cooling. The whole was collected by means of ether 
and refluxed with aqueous sodium hydroxide (750 c.c. of 8%) for 3 hours. The acid obtained 
on acidification (25 g., m. p. 93°) was washed with boiling light petroleum; it crystallised from 
acetone and ether, in both of which it was sparingly soluble, in colourless, rectangular plates, 
m. p. 104° (Found: C, 76-9; H, 12-2. C3 9H,;,0; requires C, 77-2; H, 12-4%). 

An alternative and probably better method consists in esterifying the whole crude product 
(boiling 10% alcoholic sulphuric acid, 5 hours) and removing unchanged ethyl stearate by 
distillation at 0-5mm. In this way the yield of keto-acid was found to be 48% and the substance 
was more readily purified than by direct crystallisation. The acid is moderately readily soluble 
in benzene. 

n-Triacontanoic Acid.—A mixture of 13-ketotriacontanoic acid (5 g.), amalgamated zinc 
(100 g.), concentrated hydrochloric acid (100 c.c.), and acetic acid (20 c.c.) was heated so as to 
boil the acid gently for 4 days. Every 6 hours the mixture was cooled, the zinc and solid acid 
collected, fresh hydrochloric and acetic acids and zinc (10 g.) added, and the heating resumed. 
It was found best to allow some of the zinc to protrude above the surface of the liquid. The 
collection of the product was very difficult and it was necessary to extract the zinc 4 times with 
boiling acetic acid (150 c.c.). On dilution of the extracts with water, the acid was all pre- 
cipitated ; it was crystallised thrice from benzene (150 c.c. each time) and again from a large 
volume of acetone, forming colourless plates, m. p. 93-5—94° (Found : C, 79-6; H, 13-1. Calc. 

for Cy,H 4,0, : C, 79-6; H, 13-3%). Thesubstance is very sparingly soluble in ether and acetone 
and the dry powder is readily electrified by friction. Its melting point was not depressed on 
admixture with tlie acid obtained from the oxidation of the lucerne alcohol supplied by Professor 
Chibnall. 

In June 1930, Dr. S. H. Piper kindly examined a specimen of the acid by X-rays. He 
obtained B spacings of 71-8 A. and C spacings of 65-1A. The extrapolated values from the 
n-fatty acids then synthesised (C,,—C,,) should have given the respective values 73 A. and 
65-8 A., so that it appears that the chain bends when it comprises 25—30 carbon atoms. Dr. 


* The purest stearic acid obtainable was thrice crystallised from ethyl alcohol, five times from 
benzene, and once from ether. The product had m. p. 71°. 








ca 
so] 





















Part VII. 1545 


Piper’s data for the synthetic specimen have been, and certainly will continue to be, very useful 
for the more precise characterisation of this acid; Professor Chibnall has already made use of 
them, as well as of more recent determinations of the spacings (compare Chibnall e¢ alia, loc. cit.), 
in connexion with his extensive researches on the constituents of waxes. 

The ethyl ester was prepared by refluxing the acid (4 g.) with alcoholic sulphuric acid (50 c.c. 
of 10%) for 6 hours. The product was dissolved in benzene, agitated with aqueous barium 
hydroxide, and recovered from the filtered solution (yield, 3-7 g., crystallised from light 
petroleum). The ester crystallised particularly well from alcohol in colourless plates, m. p. 
70-5° (Found: C, 79-9; H, 13-4. C,,H,,O, requires C, 80-0; H, 13-3%). f 

The methyl ester crystallised from light petroleum in colourless plates, m. p. 71-5°. 

n-Triacontanol.—Sodium (25 g.) was used to reduce ethyl -triacontanoate (4 g.) in alcohol 
(400 c.c.) or, better, n-butyl alcohol (200 c.c.), under the usual conditions of a Bouveault process 
(oil-bath at 150°). The triacontanol precipitated by water was dissolved in benzene and freed 
from triacontanoic acid by shaking with baryta solution. The crude alcohol (3 g.), m. p. 85°, 
obtained on removal of the solvent was crystallised successively from acetone, ethyl acetate, 
and benzene, finally forming lustrous plates, m. p. 86-5° (Found: C, 81-9; H, 13-8. Calc. for 
Cyp9Hg,.O: C, 82-2; H, 14:1%). The substance proved on direct comparison to be identical 
with Professor Chibnall’s alcohol from lucerne; a mixture of the two specimens showed no 
depression of the melting point. 

The acetate, prepared by means of acetic anhydride and sodium acetate, is freely soluble in 
ether and was crystallised thrice from light petroleum, forming plates, m. p. 69° (Found: C, 
79-7; H, 13-5. C3,H,,O, requires C, 80-0; H, 13-3%). 

n-Triacontanyl I odide.—The alcohol was heated in a boiling brine-bath with red phosphorus, 
iodine, and a trace of water until no further reaction occurred. The product, after being washed 
in benzene solution with aqueous sodium bisulphite, crystallised from alcohol in colourless 
plates, m. p. 68-5° (Found: C, 65-5; H, 11-3; I, 23-2. C3 9H,,I requires C, 65-7; H, 11:1; 
I, 23°1%). 

13-Keto-n-dotetracontanoic Acid.—The preparation followed in every detail that of 13-keto- 
n-triacontanoic acid, stearoyl chloride being replaced by an equivalent of u-triacontanoyl 
chloride (thionyl chloride on the acid). At the stage of hydrolysis with boiling aqueous sodium 
hydroxide the extremely sparing solubility of the sodium salt of the keto-acid was revealed. 
It was washed with over 2000 c.c. of boiling water and then decomposed with boiling dilute 
hydrochloric acid and thrice crystallised from benzene, once from ether, once from ethyl acetate, 
and again from a mixture of ether and benzene, forming colourless plates, m.p. 110° (contact with 
a nickel spatula considerably lowers the m. p.) (Found: C, 79-3; H, 13-0. C,,H,.O3 requires 
C, 79-5; H, 12-9%). This substance will be further investigated at an early opportunity. 
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336. Studies in Stereochemical Structure. Part VII. The Rotatory 
Powers and Racemisations of the Optically Active Benzoins. 


By RoBErT ROGER and ALEXANDER MCGREGOR. 


THE optically active forms of benzoin are often used, but their rotatory powers are quoted 
only for acetone or ethyl-alcoholic solutions (McKenzie and Wren, J., 1908, 93, 313; Wren, 
J., 1909, 95, 1583, 1593; McKenzie, Roger, and Wills, J., 1926, 779; Hopper and Wilson, 
J., 1928, 2483; Smith, Ber., 1931, 64, 427; Weissberger, Dérker, and Schwarze, Ber., 
1931, 64, 1202). It has now been found necessary to make a more elaborate study of the 
matter in connexion with other work. 

The solvents used fall roughly into two classes: (1) acetone, ethyl alcohol, chloroform, 
carbon disulphide, carbon tetrachloride, and dioxan; and (2) basic nitrogen-containing 
solvents such as aniline, pyridine, piperidine, diethylamine, and triethylamine. 

In the first group of solvents the rotatory powers of D-benzoin (obtained from levo- 
rotatory mandelic acid) were levorotatory for all wave-lengths between 4 6563 and 4358, 
and within the limited range of temperatures examined : 
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Dipole moment of Dipole moment of 

Solvent. [a] see:- solvent, n x 1018, Solvent. [a] sees: solvent, p xX 1018, 
COMe, —144-7° 2-7 — 200°5° 0°45 

— 162 1°58 0 

— 253 11 0 


The rotatory powers in chloroform and dioxan decreased with increasing temperature : 


in chloroform [«]®j,, — 269°, [«]}2%, — 253°; [a], — 240°; in dioxan, [«]}%, — 200-5°, 
[«]f, — 180°, like mandelic acid and certain of its derivatives (Roger and McKay, J., 
1931, 2229; Roger, J., 1932, 2168). The rotatory powers, however, are not in direct 
relationship to the dipole moment of the solvent (see Rule, Smith, and Harrower, J., 
1933, 376; Rule, Barnett, and Cunningham, 7bid., p. 1217), for those in dioxan, carbon 
tetrachloride, and carbon disulphide are out of order. In the last two solvents the optically 
active benzoins are only sparingly soluble. The Rupe criteria for the various solutions 
were remarkably constant. 


Solvent. Aa: P.R.D. q- q Ae. P.R.D. q: 
586 176 2°439 4 594 172 2-296 
176 2-339 596 172 2-277 
174 2-284 589 175 2°323 


There is, therefore, probably no change in the structure of benzoin in the various solvents.* 
Optically active benzoin was recovered unchanged. 

The Lowry-Dickson criterion gave curves which departed only slightly from straight 
lines. The dispersions could all be expressed by modified equations of the type [«] = 
Ko/(%® — 4”) + K,/2*; ¢.g., in chloroform solution : 


[x] = 38°17/(a — 0-1008) + 17-88/2? 
6563 5893 5461 4358 
[a] tes 157-2° 206°6° 253° §22°3° 
PO RGNIN, ciciiiddicisdtdaintiadtiinn 157°2° 206°5° 253°3° 522°4° 


The dispersion of benzoin in these solvents is, therefore, normal and complex. 

Accurate determinations of the rotatory powers of the benzoins in aniline and pyridine 
were possible, but in piperidine, diethylamine, and triethylamine, the determinations 
were complicated in that the optically active benzoins racemised steadily, and no reliable 
dispersion figures could be obtained. 


Solvent. [@] sa61- px 10%, Solvent. [a] sae1- gp xX 10*. 
Aniline — 247°2° 1°51 Diethylamine * 0°96 
—Il1l1l1 2-11 Triethylamine 0°82 
Piperidine * + 35°3 ons 
* The determinations in piperidine and diethylamine were carried out with L-benzoin (obtained from 
dextrorotatory mandelic acid), and the figures quoted in this table are those values with the signs 
reversed. 


Thus, D-benzoin becomes dextrorotatory in the last three solvents, piperidine ranking 
with the aliphatic amines in this respect.t This reversal of sign is no small one, the ex- 
tremes of rotatory power being [«];4,, = — 494-5° in carbon disulphide and + 131° in 
diethylamine for the optically active benzoin derived from (—)mandelic acid. The dis- 
persion of the pyridine solution was expressed by the equation 


[a] = 29-93 /(22 — 0-067) — 5-48/22. 


* As an example of how the Rupe criteria may be employed to detect change in chemical structure, 
see Rupe (Annalen, 1922, 428, 188), where it is shown that camphorcarboxylic acid and certain of its 
derivatives may have a “‘ bornylene ’’ structure (see also Roger, J., 1932, 2168; Roger and McKay, 
J., 1931, 2229; Roger and Ritchie, Biochem. Z., 1932, 258, 239). Pope and Whitworth (Proc. Koy. 
Soc:, 1931, A, 184, 357) used dispersion methods in their study of the isomerisation of the optically 
active spiro-5 ; 5-dihydantoins. 

+t This change of sign causes difficulty in the designation of the optically active benzoins. Thus 
(—)benzoin in acetone becomes (-++)benzoin in diethylamine. Roger (Helv. Chim. Acta, 1929, 12, 1060) 
used D(—)mandelic acid to designate the levo-acid obtained from amygdalin. 
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Benzoin contains both a carbonyl and a hydroxyl group, groups of relatively high 
polarity. Rotatory powers in the various solvents may be complicated by the formation 
of molecular complexes (see Patterson, J., 1902, 81, 1111; Patterson and Thomson, Ber., 
1907, 40, 1243; Rule, Barnett, and Cunningham, Joc. cit.). Another factor enters into 
the question, however, viz., that of asymmetric induction (cf. McKenzie and Mitchell, 
Biochem. Z., 1929, 208, 456, 471; 1930, 221, 1; 1930, 224, 242? McKenzie and Ritchie, 
ibid., 1931, 231, 412; 1931, 237,1; 1932, 250,276). Roger (/oc. cit.) and Roger and Ritchie 
(loc. cit.) have already suggested that this phenomenon plays a part in the building up of 
the rotatory powers of the isomeric (—)menthyl mandelates, and of the (—)menthy] esters 
of a-ketonic acids. Roger and Gow (this vol., p. 130) suggested that the rotatory powers 
of the isomeric (—)menthyl «-naphthylglycollates were controlled in part by the extent 
to which induction of the induced centres of asymmetry (the carbonyl groups) had taken 
place. Hudson, Wolfram, and Lowry (J., 1933, 1179) later showed that derivatives of the 
u-sugars (the true aldehydic sugars) have a characteristic “ carbonyl ”’ absorption band 
which is optically active, and gives rise to a levorotation in the visible spectrum, the ob- 
served rotation being the algebraic sum of this contribution and the contributions of the 
centres of fixed asymmetry. Preiswerk and Erlenmeyer (Helv. Chim. Acta, 1934, 17, 
329) have studied the dispersion of (—)benzoin and determined the contribution of the 
carbonyl group to the activity. The observed rotatory powers of the optically active 
benzoins thus consist of two parts, the contribution of the centre of fixed asymmetry 
(the mandelyl complex), and that of the centre of induced asymmetry 
(the benzoyl group) (see inset), and change of solvent will probably Ph-CH(OH)-(-Ph 
O 
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markedly change the relative contributions (Kuhn, Freudenberg, 
and Seidler, Z. physikal. Chem., 1931, 18, 379). It has been shown 
that the position of the absorption bands may be affected by change of solvent 
(Tschugaev, Ber., 1909, 42, 2244; Schiebe, Ber., 1926, 59, 2619), and it might be expected 
that optical activities might be affected as a result of these changes. Kuhn (‘‘ Hand- und 
Jahrbuch der chemischen Physik,” 1932, 8, ITI, 123) does not support this conclusion. 
The case of benzoin is complicated by the fact that there is a phenyl group attached to 
both centres of asymmetry, and the exact nature of the radical R of the CO-R group in 
ketols derived from mandelic acid may play a considerable part in causing variation of 
the rotatory powers with solvent. This point is at present under examination. 

The racemisation of D(—)benzoin with alcoholic potash has already been studied by 
McKenzie and Wren (loc. cit.), who found that it was complete after short boiling with 
alcoholic potash. McKenzie, Roger, and Wills (/oc. cit.) showed that catalytic racemisation 
of the compound was effected by adding a trace of alcoholic potash to its ethyl-alcoholic 
solution. Weissberger, Dérken, and Schwarze (/oc. cit.) measured the rate of racemisation 
under conditions which precluded loss of optical activity by oxidation. 

We found that the conditions under which the optically active benzoins were racemised 
can be considerably extended. (1) If D(—)benzoin was melted in a glass vessel and cooled, 
the product was r-benzoin. (2) When the experiment was carried out in a quartz vessel, 
loss of activity was much slower; the product was not solely 7-benzoin, but a mixture, 
m. p. 65—85°, and possibly contained deoxybenzoin and benzil (cf. Engler and Grimm, 
Ber., 1897, 30, 2923). (3) When D(—)benzoin was kept in anisole solution in a quartz flask 
at 152° for 14 hours, the observed angle of the solution fell only slightly. On prolonged 
heating the activity slowly disappeared, but it was found that much of the benzoin had also 
disappeared, considerable decomposition having taken place. Solutions of the optically 
active benzoins in (4) diethylamine and (5) triethylamine lost their activities steadily, 
following a course similar to that of a catalytic racemisation. In the triethylamine 
solutions, considerable decomposition took place, only a very small amount of the benzoin 
being recovered. Raising the temperature of the diethylamine and triethylamine solu- 
tions accelerated the rate of racemisation. (6) Racemisation of solutions in piperidine 
was rapid, being complete within an hour. (7) If the benzoin was dissolved in ethyl 
alcohol, however, and small amounts of piperidine added, the rate of racemisation was 
much reduced (cf. Rupe and Lenzinger, Annalen, 1913, 398, 372). Smith (loc. cit.) has 
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definitely shown that the concentration of catalyst in the racemisation of (+)mandelo- 
nitrile controls the rate of racemisation (cf. Ingold and Wilson, this vol., p. 93; Wilson, 
ibid., p. 98). Hopper and Wilson (/oc. cit.) found that solutions of the benzoins in pyridine 
were quite stable in quartz containers, and we found them also to be stable in glass, but 
observed that pyridine solutions of impure D(—)benzoin were steadily racemised in glass 
tubes. (8) D(—)Benzoin was stable in aniline solution at ordinary temperature. 

(9) When the pyridine-D(—)benzoin complex (cf. Ward, J., 1929, 1544) was formed 
by heating D(—)benzoin with the calculated amount of pyridine to 115° in glass vessels, 
it was found to be optically inactive; so also was the benzoin recovered. (10) A similar 
observation was made with piperidine. 

The loss of activity in the experiments (1), (4), (6), (7), (9), and (10) is probably 
due to catalytic racemisation. In other cases, the lossis due to decomposition of the benzoin 
into products containing no centres of asymmetry. In the case of pyridine and piperidine, 
complexes are formed, and these possibly are derivatives of the still unknown, isomeric, 
«-dihydroxystilbene. This dienol formation (7.e., isomeric change), in these circumstances, 
takes place very rapidly, and would be depicted thus : 




















































[ either H ) 
Ph-GH(OH) —» | Ph-C-O-NC,H, Ph-C-OH Ph-CH(OH) 
Ph-C=O Ph-C-O-NC,H, — ve ree 
i ; Opticall Opticall c 
Gptaany antes. 4 Optically inactive. ¢ rt apenand sissies. 
or 
Ph-C-OH ; 
Ph-C-O-NC,H,; 
} ~ H ad 
(cf. McKenzie and Smith, J., 1922, 121, 1348), addition of the catalyst preceding formation 1 
of the optically inactive, symmetrical systems. 1 
The intermediate formation of w-dihydroxystilbene would apply particularly in the b 
case of loss of activity on the melting of the optically active benzoins in glass vessels, cl 
since benzoin, in the molten state, may consist largely of w-dihydroxystilbene. The ti 
catalyst in this case was probably alkali from the glass. A similar series of changes may Ka 
also take place in diethylamine, in which case these solutions apparently afford further ” 
examples of catalytic racemisation, although the “ catalyst ” is not present in traces. In os 
triethylamine solutions, decomposition occurs to such an extent as to preclude our forming fr 
any definite opinion as to the course of the action. p 
The mechanism of these racemisations can also be considered on ionic or prototropic sc 
bases (cf. Ingold and Wilson, Joc. cit.; Lowry, J., 1923, 128, 828; Weissberger, Dorken, ro 
and Schwarze, loc. cit.). 
EXPERIMENTAL. a 
(D-Benzoin is the benzoin derived from the levorotatory mandelic acid.) 
D(—)Benzoin. 





A 6563. A 6162. A 5893. A 5461. 45106. A 4861. A 4358. 
(1) In acetone (c = 4°416, 7 = 1, ¢= 20°): 







EES —865:1° 102°6° 116-7° 144-7° 178° 210° 306°8° 
(2) In ethyl alcohol (c = 1-685, / = 2, t = 20°5°) : 

SIRE 5 —98-9 116-3 132-4 162 197-4 231°3 — 
(3) In chloroform (¢ = 1°537, ] = 2, t= 0°): 

ie assnceinpnatnnneis — 167-9 — 220°3 268-8 — 382-6 — 









Ditto (¢ = 20°6°) : 


Secccnsecensecuecs —157°2 253 308°8 359 §22°3 


183-2 206°6 








Sessteseccossecens — 150 — 194 239°8 _ 347°2 — 
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D(—)Benzoin. 
A 6563. A 6162. A 5893. A 5461. A 4861. 
(4) In carbon disulphide (c = 1-0315, / = 2, ¢ = 20°8°): 
—309°7 362°8 408 500°8 705 
(5) In dioxan (¢c = 1°5225, ] = 2, ¢ = 20°8°): 
145°2 161-9 200°5 285°6 
Ditto (¢ = 45°): 
—- 147°2 179-9 254°7 
(6) In carbon tetrachloride (c = 1:171, ]= 1, t= 20°): 
— 182-7 2143 241°7 294-6 419°3 


L(+)Benzoin. 
(7) In pyridine (c = 2°252, ]= 1, t= 20°): 
79°9 91 


D(—)Benzoin. 


(8) In aniline (c = 2-367, 7 = 1, ¢ = 21°2°): 
[ (= venecesos —150°4 174°9 199°8 209°5 247°2 302°1 354°5 
#]\ Calc. ......... —149°7 176°1 199 208°7 246°8 302°5 354°5 


There was no alteration of the rotatory power after this solution had stood for 24 hours at 
ordinary temperature. 


Hopper and Wilson (/oc. cit.) record that solutions of D(—)benzoin in pyridine are not race- 
mised in quartz vessels. Wealso found that L(+)benzoin was not racemised in either quartz * 
or glass rotation tubes : 

Rotation (in pyridine) in quartz polarimeter tube : 

c= 2-252, 1 = 1, Asaei1 — oh 2-53°, [o]sae1 = 4 112-2°. 

The solution was kept for 24 hours without alteration. Some of the above solution was placed 
in an ordinary glass polarimeter tube, and showed no change in rotatory power after 24 hours, 
but it became very:brown. The temperature was raised to 38°, and on re-cooling to 20°, no 
change in rotation was detected; 2 drops of alcoholic potash (0-841N) were then added, and 
the rotatory power fell to [a] 544, + 96-8°. The addition of more alcoholic potash gave a solution 
on which readings could not be taken. The benzoin recovered had no rotatory power for the 
wave-lengths 5893, 5461, and 4358 in acetone solution (c = 1-518, /.= 1). 

When impure, crude D(—)benzoin ([a]5s93 = — 83° in acetone, c = 1-273, / = 2) was dis- 
solved in pyridine (c = 1-39, / = 1), the rotatory power of the solution diminished steadily 
from [«]546, = — 89-9° to — 67-6° after 189 hours. D(—)Benzoin (0-5 g.) was heated with 
pyridine (0-25 g.) to 155° for 30 minutes. The complex had no rotatory power in pyridine 
solution (c = 1-397, / = 2) for 1 5461. The benzoin recovered from this complex had also no 
rotatory power in pyridine solution (c = 0-6845, ] = 2). 

A solution of L(—)benzoin in piperidine (c = 2-011, / = 1), in a quartz rotation tube with 
glass ends, was found to be completely racemised in a short time; moreover, the initial solution 
was levorotatory. 

RB MBRR. cccosdeiccvoscececoss 10 15 30 60 

[o] sea —4:5° —0-7° —0°5° —0-0° 
The recovered benzoin had m. p. 129—132°, and had no rotatory power in acetone (c = 1-563, 
} = }). 

It was also found that D-benzoin (0-5 g.) was immediately racemised when heated with 
piperidine (0-25 g.) to 110° in a glass flask. 

The rate of racemisation of L(+)benzoin was markedly reduced when dissolved in alcohol 
and a small amount of piperidine added. L(-+)Benzoin in alcohol (c = 1-483, 7 = 1) had 
[«] 5463 = + 158-4°. To this solution 2 drops of piperidine were added, and the rotatory power 
fell to [a] 54g. = + 152-4° after 70 minutes; 2 more drops of piperidine were then added, and 
the rotation fell to [«],44; = + 19-6° after 3days. Theaddition of another 2 drops of piperidine 
caused a fall in rotatory power to [a] 54g; = + 8-1° after 2 days. The benzoin recovered from 


* The quartz polarimeter tube had glass ends which had been boiled in concentrated hydrochloric 
acid to remove alkali. 
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this solution had m. p. 124—130°, and had a very small dextrorotation ([«]54g; = + 2°32°) in 
acetone (c = 1-294, / = 1). 

L(—)Benzoin in Diethylamine.—L(—)Benzoin racemised steadily in diethylamine solution 
(¢ = 2-151, / = 1) contained in a quartz rotation tube with glass ends : 

20 65 125 210 1200 

93°5° 52°5° 26°5° 88° 0-0° 
The original sample of L(-+-)benzoin had [a]s93 = + 117-2° (c = 1-834, / = 1, in acetone), 
so the sign of rotation had changed in this solvent. The benzoin was recovered from the di- 
ethylamine solution and had m. p. 133—135°, and no rotatory power in acetone solution (¢ = 
1-605, 7 = 1). 

D(+)Benzoin in Triethylamine.—This experiment was carried out in a glass polarimeter 
tube. Values for various wave-lengths were determined as quickly as possible, but racemisation 
was proceeding all the time (¢c = 1-342, /] = 2, ¢ = 21°): 

A 6563. A 6162. A 5893. A 5461. A 5106. A 4861. A 4358. 
79 89°4 112°5 142-4 173-2 294-4 
2 26 50 122 146 
100° 84° 57° 18-3° 13° 
The solution finally had become very dark, and the material recovered was largely decomposed. 

A solution of D(—)benzoin (0-2455 g.) was made in pure anisole (23-4861 g.). It had agg, 
= — 2-52° (1 = 1, ¢ = 20°). It was boiled gently for 1} hours, and then had a;.5, = — 2-47° 
(1 = 1, ¢ = 20°). After 22 hours’ heating, the rotatory power had fallen to a5.., = — 0-51°. 
The solid recovered from the solution had m. p. 70—110°, and could not be separated further. 


One of us (R. R.) thanks the Carnegie Trust for the Universities of Scotland for a grant, 
and the other (A. McG.) for the award of a Scholarship. 
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337. Studies of the Beckmann Change. Part II. The Kinetics of the 
Spontaneous Rearrangement and Solvent Effects. 


By ARTHUR W. CHAPMAN. 


In Part I (J., 1933, 806) it was shown that the picryl and related ethers of ketoximes undergo 
a spontaneous Beckmann rearrangement when heated alone or in suitable solvents, ¢.g., 


1) Ph-C-Ph ' oy See, ee. maw culm 
N-OPic ——- PhN room temp. Ph*N*Pic 

and that the transformation, which follows a unimolecular course, is complete and without 

measurable by-products. The change does not require an external catalyst except in so 

far as the solvent might be regarded as such, nor does it depend on the action of light, and 

reasons were adduced for regarding the rearrangement as an intramolecular exchange of 

positions by the picryloxy and the hydrocarbon radical. 

The velocity of transformation is, however, greatly affected by the solvent, and before a 
systematic study of substituted oxime ethers was begun, a further investigation of 
the kinetics of the change seemed desirable. This has now been carried out with benzo- 
phenone oxime’picryl ether (I) as the substance undergoing rearrangement. 

The results described in Part I showed that, under otherwise similar conditions, the 
velocity of the change increases in the same order as the dielectric constant of the solvent ; 
i.¢., that the transformation is facilitated by an environment of polar molecules. Measure- 
ments in any one solvent were, however, made at one concentration only, and, as both the 
oxime ether and its change product contain strongly polar groups, it seemed likely that the 
rate of change would also be affected by the concentration of the solution, especially in 
non-polar solvents. 
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A series of velocity measurements has therefore been carried out on solutions of the 
oxime ether in carbon tetrachloride. The results are given in Table I. [Concentrations 
(c) are in g.-mol. per 1. of solution at the particular temperature employed, times in secs. ; 
Napierian logarithms.] The highest concentrations approach the saturation point at room 
temperature, 


TABLE I. 


Temp. Concentration and velocity. ky X 10% =x Xx 105. 
70°5°{ c 0°0228 
k x 105 1-84 (1-17) ~- 
80°5° { c 0°0112 0°0223 00286 0°0303 
k x 105 5:14 5°87 6°37 6°41 4°40 67 
81-0° { c 0°0118 0:0225 0°0348 
k x 108 5°53 6°30 6°76 4°73 - 67 


859°{, 10s 955 274 7-9 _ 
91:2°{ , Sew 218. 13-7 td 
92-8° { c 0:0110 0-0222 0:0334 

kx10° 189 21-0 23-1 16-8 190 
100-0° { c 0-0109 0-0223 0°0328 

kx105 38:4 43-0 46°8 34°1 392 

From these results it is clear that the concentration of the solution exerts an important 
influence on the rate of rearrangement. Since the unimolecular velocity constant remained 
steady throughout the whole course of the transformation, the catalytic activities of the 
oxime ether and of its change product must be nearly identical. The velocity constants 
at any one temperature fall upon a straight line when plotted against the concentration of 
the solution, and the relationship between these values can thus be expressed by the 
equation k = ky + xc, where Xp is the coefficient at infinite dilution, and x the increase of 
velocity for a concentration of 1 g.-mol./l. The values of ky at all temperatures studied, 
and for x at all temperatures at which three or more determinations were made, are given 
in Table I. ; 

The rate of change of the oxime ether in carbon tetrachloride is therefore composed of 
two factors: the velocity at which the change would occur at infinite dilution (Ay), and an 
additional velocity, proportional to the concentration of the solution, arising from the 
catalytic effect of the oxime ether and its product on the rearrangement. 

At infinite dilution the oxime ether molecules can only be activated by collision with 
solvent molecules. The values of log (kg/n) when plotted against 1/T fell upon a straight line 
corresponding with a value of 30,250 cals. per g.-mol. for the critical increment of the 
rearrangement (ky/n was used instead of Ry since the frequency of solvent-solute collisions 
in any one solvent is proportional to the viscosity of the solvent). The rates of change 
actually observed were about 20 times as great as those calculated from this value of the 
critical increment and the frequencies of collision between carbon tetrachloride and oxime 
ether molecules derived from the accepted formule (Moelwyn-Hughes, “ Kinetics of 
Reactions in Solution,” Oxford, 1933, p. 28). 

The values of log x plotted against 1/T also fell on a straight line; corresponding in this 
case with a value for E of 22,620 cals. per g.-mol. If it be assumed that the catalysed change 
is brought about by collisions between molecules of the ether with other molecules of the 
ether or with those of the change product, then on the accepted assumptions as to collision 
frequency (Moelwyn-Hughes, of. cit., p. 16), the observed values of x lie between 0-4 and 0-5 
of those demanded by the theory. 

The difference between the critical increments of the catalysed and the uncatalysed 
rearrangement is considerable, and it must be concluded that, whilst collision of an oxime 
ether molecule with one of carbon tetrachloride will cause rearrangement if it involves more 
than a certain amount of energy, a definitely smaller energy increment will suffice to bring 
about the transformation when the oxime ether molecule is activated by or in the neighbour- 
hood of another molecule of the same sort or of its change product. 
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This conclusion can be simply explained in terms of the following hypothesis regarding 
the mechanism of the catalysis. The migration of the picryloxy and the hydrocarbon group 
between the nitrogen and carbon atoms of the oxime picryl ether must involve some degree 
of dissociation of their original linkages, and the amount of energy necessary to bring this 
dissociation about will largely determine the ease with which migration takes place. Since 
the dissociation involves the development of electrical charges at the ends of the bonds 
concerned, it will require less energy when the process can take place within a suitably 
oriented field provided by another molecule than when it occurs in a non-polar environment. 
Whilst, therefore, the oxime ether molecules rearrange with difficulty when surrounded 
solely by non-polar molecules of carbon tetrachloride,* the change will take place with 
increasing ease as the meeting of two strongly polar solute molecules becomes more and 
more frequent with rising concentration of the solution. 

According to this hypothesis, polar compounds of any kind should catalyse the change 
in the order of the strength of the dipoles in their molecules. A further study of the effects 
of different solvents on the rate of rearrangement has therefore been undertaken. The 
experimental method employed was to measure the rate of change in a standard solution of 

the oxime picryl ether in carbon 

50 tetrachloride containing a known 
quantity of the second solvent. 
This procedure permitted observ- 
ations to be made at different 
concentrations of the catalytic 
solvent and also the use of a much 
wider range of catalysts than would 
have been possible had the oxime 
ether been dissolved in each of the 
different pure solvents in turn. 
The main features of the results are 
shown in the fig., which illustrates 
measurements made at 81°, in- 
cluding a series on_ ethylene 
dichloride, which contains two 
principal dipoles in the molecule. 
; : \ It will be seen that the catalytic 
0 0-2 0-4 0-6 0-8 10 activities of the different substances 

Catalyst concn., g.-mol. /l. are in the same order as their dipole 

moments, rising very rapidly at 

the higher values of the dipole moment. The catalytic effect of cyclohexane is zero within 
the limits of experimental error. 

At the relatively high concentrations employed, the effects of the more powerful 
catalysts increased with rising concentration more rapidly than would be required by a 
linear relationship, but, within the limits of these experiments, the connexion between the 
velocity of the change and the concentration of the catalyst could be expressed by an 
equation of the form_k = ky,, + xC + yC*, where k,,, is the velocity in the absence of a 
catalyst, C the catalyst concentration, and x and y are constants for the catalyst employed. 
The values of x represent the catalytic activities at high dilutions and furnish a basis for 
numerical comparisons at different temperatures and between different catalysts. These 
values are given in Table IT. 

The critical increments (obtained in each case from the values of x at three temperatures) 
of the catalysed rearrangement brought about by nitromethane and ethylene dichloride were 
23,800 and 24,400 cals. per g.-mol. respectively. These again are definitely lower than the 
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* Whether carbon tetrachloride itself exerts any catalytic influence on the change in the sense of 
this hypothesis cannot be determined exactly. The effect in any case, however, must be small, and 
the behaviour of the oxime ether in carbon tetrachloride has therefore been taken as the standard for 
comparison of solvent effects. 
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value for the uncatalysed transformation, but somewhat higher than that for catalysis by 
the oxime ether itself. When combined with the estimated collision frequencies, they lead 
to values of x, for nitromethane approximately twice, and for ethylene dichloride four times, 
as great as those actually observed. 


TABLE IT. 
Oxime ether 


Catalyst. MeCN. MeNO,. Me,CO. n-C,H,Cl. C,H,Cl, C,H,Cl. CgHy. on itself. 
3-2 3-0 2:8 1-9 1:8 1-55 0-0 — 
x X 10° at 810° 52 36°5 25 53 6°8 5°4 . 67 
105 — 13-3 — 
91-0 — — 17°8 _— 
92°8 — 118 — 190 
100-0 — — 40°5 392 

So far, therefore, the results obtained agreed with the view put forward to explain the 
existence of the catalysis. A further test of this view, however, seemed possible. If the 
catalytic effect of the solvent upon the rearrangement of the oxime ether is essentially due 
to the action of the field of the catalyst molecule on the ether, then certain substances 
which have no molecular dipole moment should be capable of accelerating the transforma- 
tion. Compounds in which a zero dipole moment is due to the presence of two or more 
equal and opposite dipoles in the molecule should act as catalysts provided that the two 
dipoles be far enough apart. Two such dipoles occurring close together may be expected 
to neutralise one another so far as any external field of the molecule is concerned. On the 
other hand, when sufficiently separated, the two fields should function more or less inde- 
pendently, and the compound containing them should thus be able to act as a catalyst 
although causing little or no change in the dielectric constant of the medium in which the 
rearrangement takes place. 

To test this deduction, three compounds of zero dipole moment were employed, each 
containing two separate carbon-halogen dipoles. Their catalytic activities were measured 
at 81° and compared with those of ethylene dichloride and of a polar isomeride of each 
substance. The results are summarised in Table ITI. 


TABLE III. 
* x 105 x x 105 
Substance. p xX 1078, Substance. at 81°. pw X 10%, 
trans-Dichloroethylene z 0-0 cis-Dichloroethylene 59 1°8 
p-Dichlorobenzene ‘ 0-0 m-Dichlorobenzene ; 15 
tvans-1 : 4-Dibromocyclohexane ‘ 0-0 * cis-1 : 4-Dibromocyclohexane 10°5 as 
Ethylene dichloride 6° 18 
* u» shown to be zero by Halméy and Hassel (Z. physikal. Chem., 1932, 15, B, 472). 


In ¢rans-dichloroethylene the two dipoles are relatively close together and the catalytic 
effect of this substance is very small, whilst the cis-compound behaves like ethylene 
dichloride. The catalytic activity of p-dichlorobenzene is somewhat less than, but of the 
same order as, that of its m-isomeride, and tvans-1 : 4-dibromocyclohexane is almost as 
efficient a catalyst as ethylene dichloride. The prediction as to the behaviour of these 
compounds is therefore completely fulfilled. The high catalytic activity of cis-1: 4- 
dibromocyclohexane may perhaps be due to the strong field which this compound will have 
in certain configurations of its flexible molecule. 

The results of the present study may therefore be summarised as follows : 

1. The Beckmann rearrangement of an oxime picryl ether dissolved in a non-polar 
solvent such as carbon tetrachloride proceeds, under suitable conditions of temperature, at 
a measurable rate even at very low concentration. 

2. The velocity of change is affected markedly by the presence in the solution of any of 
a wide variety of materials which resemble one another only in containing polar groups 
within their molecules, and include the oxime ether itself and its change product. 

3. The catalytic activities of compounds which contain one principal dipole fall in the 
same order as the dipole moments of the substances. 

4, Compounds that contain equal and opposite dipoles in each molecule and are there- 








1554 Part II. 


fore non-polar still exhibit catalytic activity when the dipoles are sufficiently separated. 
When the opposing dipoles are close together catalytic activity is inappreciable. 

5. The critical increment of the catalysed change depends on the catalyst and is 
definitely lower than that of the rearrangement in pure carbon tetrachloride at infinite 
dilution. 

6. These concentration and solvent effects can all be explained in terms of the suggested 
catalytic mechanism. 
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EXPERIMENTAL. 


Benzophenone oxime picryl ether was prepared and purified as described in Part I. 

Solvents and Catalysts Commercially pure carbon tetrachloride was redistilled, with rejec- 
tion of the first and last sixths; it then boiled over a range of not more than 0-2°. Acetonitrile 
and ethylene dichloride were purified as described in Part I. The sample of acetone used had 
been digested with sodium hydroxide and potassium permanganate and redistilled. Nitro- 
methane, »-butyl chloride, chlorobenzene, and cyclohexane were purified by repeated distillation 
of commercial specimens. -Dichlorobenzene was purified by recrystallisation; m. p. 52—54°. 
m-Dichlorobenzene was obtained from 2: 4-dichloroaniline and repeatedly redistilled under 
reduced pressure. 

cis- and trans-1 : 4-Dibromocyclohexanes were obtained by heating cyclohexane-] : 4-diol 
with 8 times its weight of fuming hydrobromic acid (d 1-7) under reflux on the steam-bath until 
no more oil was deposited from the liquid (cf. Baeyer, Annalen, 1894, 278, 94). The trans- 
compound was separated from the oily mixture by freezing out, and was twice recrystallised 
from alcohol (m.p. 112—114°). The cis-compound was washed with dilute alkali, dried, and 
repeatedly fractionated under reduced pressure; b. p. 119—121°/18 mm. 

cis- and trans-Dichloroethylenes were obtained by fractional distillation of the commercial 
mixture. The final products had b. p.’s respectively 58—60° and 48—49-5°, and dielectric 
constants (kindly determined by Mr. D. P. Earp) 8-814 and 3-286 at 20°; comparison of these 
values with those given for the pure substances (cis-, 9-22; ivans-, 2-25 at 20°; “‘ International 
Critical Tables,’’ 6, 84) indicated that the specimen of cis-compound contained 5-5% of trans- 
isomeride, and the trans- 14-5% of cis-. 


Catalysts with one principal dipole, at 81°. 


Concentration and velocity. ex1O. y x 10. 


Catalyst. 


MeCN 

MeNO, 
Me,CO 
C,H,Cl 
C,H,Cl 


CoHis 


Temp. 
70°5° 


81-0 


{ih 
\h 
{h 
{e 


(a 
{i 





0-00 
6°03 
0-00 
105 6°30 


XAXAXKAXKAKAXKO 


0-292 
23°4 
0-221 
16°25 
0-250 
13-2 
0°384 
8-18 
0°353 
7°68 
0°985 
5-53 


0-588 
45°0 
0°343 0°574 
23°5 40°0 
0-507 
21°6 
0°735 
10°17 
0-764 
10°29 


52 


25 
53 
5:4 


—0'8 


Catalytic activity of nitromethane at different temperatures. 


Cc 0-00 
x 105 1-84 
Cc 0-00 
x 105 6°30 
Cc. 0-00 
x 105 21-0 


Concentration and velocity. 


0°354 

80 

0-221 
16°25 


0-089 


32°2 


0°694 1-04 
17°3 29°1 
0°343 
23°5 40-0 
0-175 
44°1 


0°574 


x x 105. 


13°3 
36°5 


118 


Catalytic activity of ethylene dichloride at different temperatures. 


Cc 0-00 
x 105 6°30 
Cc 0-00 
x 105 17°9 
Cc 0-00 
x 105 44:3 


0-389 
9-22 
0-304 
23°8 
0-148 
50°5 


0-584 
lll 13-0 

0°575 0-792 
29°5 36°1 

0°267 0°376 
55°8 60°8 


0-778 


0-964 


14-9 68 


17°8 


24 


39 
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Catalysts with two principal dipoles per molecule at 81°. 


Catalyst. Concentration and velocity. x*xl1oe. yx 10 
C,H,Cl, Cc 0-00 0-396 0-793 
20° = 3°286 \k 6°30 71 76 18 — 
Corrected value for pure ¢vans-compound 
2 = 2°25. 1-1 
0°463 0°628 
7°22 7°87 2-9 
0°316 0°582 
8-06 9°25 5°5 
0°389 0-584 0-778 
9-2 11 13-0 ‘ 6°8 
0°407 0°813 
9°4 13°5 56 
Corrected value for pure cis-compound 
<2 = 9°22. 59 
0°308 0°538 0°672 
71 9-2 9-2 47 — 
0°185 0°265 0°382 
8:49 9°88 13:1 10°5 15 


PCHC {, 


C,H, Br, { 
trans hk 


C,H,Cl, { 


C,H,Cl, f 
<2? = 8814 |k 


XQAXAQXKAXKO 
SS e999S9 
SSSSESES 


m-C,H,Cle { sal 


C,H,,Br 
ae 


eeee 
SSSs 


105 


Velocity Determinations.—For solutions in carbon tetrachloride alone or containing catalysts 
of b. p. up to 100°, the method for carbon tetrachloride solutions described in Part I was used. 

For the analysis of solutions containing chlorobenzenes or dibromocyclohexanes, the following 
technique was employed. Exactly 25 c.c. of solution were introduced into each reaction tube 
and sealed up. After heating, the tube was opened, and the contents transferred to a small 
beaker containing as seed a weighed amount (0-2—0-4 g.) of powdered benz-N-picrylanilide (II), 
and the tube was washed out into the beaker with 25 c.c. of a saturated solution of benz-N- 
picrylanilide in carbon tetrachloride. The beaker was then kept in a desiccator over the same 
solution for not less than 2 hours to allow the mixture to come to equilibrium. The contents 
were stirred at intervals, and the desiccator was nearly immersed in running water to keep the 
temperature steady. When equilibrium had been attained, the contents of the beaker were 
filtered through a fritted-glass filter crucible, and the solid residue washed with a saturated 
solution of benz-N-picrylanilide (100 c.c.), dried at 100—120°, and weighed. The residue on the 
filter consisted of the original seed together with all the benz-N-picrylanilide formed from the 
oxime ether in excess of the small amount required to saturate the original oxime ether solution. 
The method was tested on a solution in pure carbon tetrachloride and gave a value for k 4—5% 
lower than that obtained by the ordinary technique. This was adopted as the zero value for 
experiments carried out in this way. 

Determinations of the catalytic activities of all solvents were carried out on solutions con- 
taining 1 g. of oxime ether per 100 c.c. of solution at room temperature (0-0225M at 81°). 

Results of Velocity Determinations.—These are recorded in the table above. ¢ is given in 
secs., and C in g.-mol. per 1. at the temperature of the experiment. 

Calculated Values for Collision Frequencies at 81°. 

6, oxime ether = 9-18 x 10% cm.; o, CCl, = 6-12 x 10% cm; co, MeNO, = 5-0 x 10° 
cm.; 6, C,H,Cl, = 5-72 x 10% cm. Collisions per second between one molecule of oxime 
ether and solvent molecules, calculated from the formula Z = 3xno(M, + M,)/2mM,: 
Z=1-10 X 10%; Ze—30,250/RT — 2.24 x 10%; ko, obs. = 4-73 x 10°. 

Collisions per second between one molecule of the oxime ether and other molecules of the 
same in a solution containing 1 g.-mol. per 1., calculated from the formula Z = o'n/4nRT|M : 
Z = 1-54 x 10%; Ze—22,620/RT — 156 x 10-5; x, obs. = 67 x 10°5. 

Collisions per second between one molecule of oxime ether and catalyst molecules in 
solutions containing 1 g.-mol. of catalyst per 1., calculated from the formula Z = 
Oj,» VV 8xRT(1/M, + 1/M,): 


(a) for MeNO,: Z = 3-61 x 10%; Ze—23,800/RT — 69 x 10°; x, obs. = 36-5 x 10°. 
(0) for C,H,Cl,: Z = 3-28 x 10%; Ze—2%4,400/RT — 26 x 10-5; x, obs. = 6:8 x 10°. 





The author wishes to thank the Chemical Society for a grant. 
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338. Methyl Ethers of Ascorbic Acid. 
By W. N. Haworty, E. L. Hirst, and F. Smita. 


IMPORTANT evidence concerning the structure of ascorbic acid was obtained from a study 
of the dimethyl and tetramethyl derivatives (J., 1933, 1270) and during the course of the 
work it became evident that these had respectively the structures (III) and (IV). There 
are, however, various questions connected with the formation and properties of these deriv- 
atives which are not completely answerable by the evidence already published. They 
include, for example, the relative rates of methylation by diazomethane of the hydroxyl 
groups at positions 2 and 3, the behaviour of the dimethyl and tetramethyl derivatives 
towards alkali, and the observation that the specimen of tetramethyl ascorbic acid employed 
in our earlier work gave after ozonisation, in addition to the main product (3 : 4-dimethyl 
l-threonic acid), a small amount of 3:4-dimethyl J-erythronic acid. In the present 
paper we describe further experiments which elucidate these various points and confirm 
in all particulars the structural formula previously advanced. 

The results may be summarised as follows, detailed evidence being given in the experi- 
mental section. 

(1) Ascorbic acid gives with one molecular proportion of diazomethane mainly 3-methyl 
ascorbic acid, the position of the methyl group being indicated by the observation that the 
non-reducing methyl! derivative gives an intense blue colour with aqueous ferric chloride 
(compare Reichstein, Griissner, and Oppenauer, Helv. Chim. Acta, 1934, 17, 510; Haworth 
and Hirst, ibid., p. 520). 

(2) 3-Methyl ascorbic acid yields quantitatively crystalline 2: 3-dimethyl ascorbic 
acid on methylation with diazomethane. This proves the structure of the monomethyl 
derivative (II), and yet further confirmation is provided by the observation that 3-methyl 
ascorbic acid gives oxalic acid and /-threonic acid on ozonisation, followed by hydrolysis 
(for course of reaction compare formule IV—VI). 

(3) Crystalline 2 : 3-dimethyl ascorbic acid gives 2 : 3 : 5 : 6-tetramethyl ascorbic acid 
on methylation by silver oxide and methyl iodide. This tetramethyl derivative when 
submitted to ozonisation under the conditions previously described is transformed into 
the neutral ester (V), which on treatment with ammonia yields oxamide and 3 : 4-dimethyl 
l-threonamide. No 3:4-dimethyl /-erythronamide is formed and confirmation is thus 
provided for the suggestion previously advanced, namely, that the dimethyl erythronic 
acid formerly observed was produced by isomerisation at some stage of the methylation. 

(4) When 2: 3-dimethyl ascorbic acid is allowed to react with barium hydroxide, 
the salt of the open-chain acid (VII) is formed. Removal of the barium gives the free 
acid, which loses water when heated in a vacuum and regenerates the original 2 : 3-dimethy] 


- * OY ce MeO Me 
or 5 » pSe=0 > H-O 
HO-C-H HO-C-H HO-C-H 


CH,-OH CH,°OH CH,°OH 
(I.) (II.) (III.) 


Me MeO: Me 
\caghie -OMe \c 
H<—-0-H>6 H-C-OH CO,H 
MeO-C-H HO-C-H 
CH,"OMe CH,-OH 
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ascorbic acid. Treatment of (VII) with diazomethane in methyl-alcoholic ether, followed 
by evaporation of the solution at room temperature, also serves for the regeneration of 
(III). Similar results were obtained with 2: 3:5: 6-tetramethyl ascorbic acid, lacton- 
isation of the corresponding open-chain acid being in this case more readily effected. 
The open-chain derivatives do not display selective absorption. 

(5) Methylation of 2 : 3-dimethyl ascorbic acid with methyl sulphate and alkali readily 
yields a tetramethyl derivative of the open-chain acid. This substance on esterification 
gives the corresponding ester, which resists further methylation. The structure of the 
latter substance is not quite clear, but in view of our earlier experiences with resistant 
y-hydroxy-groups it may be suggested that the structure is (VIII) in which the hydroxyl 
group on the fourth carbon atom is rendered non-reactive by co-ordination. 

(6) The reaction between 2: 3:5: 6-tetramethyl ascorbic acid and methyl sulphate 
in the presence of alkali proceeds somewhat differently. The reaction is sluggish and usually 
gives a mixture of the corresponding open-chain acid (IX) together with some fully methyl- 
ated derivative. After treatment with silver oxide and methyl iodide the latter appears 
to give the corresponding ester (X) whilst the former is reconverted into 2:3:5:6- 
tetramethyl ascorbic acid. Here again grave difficulty is encountered in attempts to 
methylate the hydroxyl group at position 4. 


tie MeO. OMe i ™ 
ton CoH ay One COsMe Heo 
MeOH MeO-€- = HO-C-H 
CH,-OMe CH,-OMe CH,-OH 
(IX.) (X.) (XI) 


(7) The preferential formation of 3-methyl ascorbic acid indicates the superior acidity 
of the 3-hydroxyl group as compared with that at position 2. There is, however, an 
enormous difference in rotation between 3-methy] ascorbic acid and the salts of ascorbic 


acid. Whilst, therefore, there is evidence in favour of structure (XI) for the salts, the 
possibility still remains open that some other structure may be present in ionised ascorbic 
acid. The position is still further complicated by the fact that accompanying 3-methyl 
ascorbic acid there is always a small proportion of an isomeric monomethyl derivative 
(? 2-methyl ascorbic acid) which gives only a faint transient colour with ferric chloride 
and is non-reducing. It is slightly more labile than the 3-methyl derivative. Besides 
having in all probability the methyl group in another position, this monomethyl deriv- 
ative differs structurally from 3-methyl ascorbic acid. It possesses a very high rotation 
and an absorption spectrum different from that of (IT) and does not give oxalic acid on 
ozonisation. The double bond, therefore, may be situated between C, and C,. On 
treatment of the second monomethyl derivative with diazomethane the corresponding 
dimethyl derivative is formed without structural change. This dimethyl derivative is 
remarkable in that when heated it undergoes transformation into ordinary 2 : 3-dimethyl 
ascorbic acid. A similar change occurs when attempts are made to methylate the labile 
dimethyl derivative with silver oxide and methyl iodide. The product of this reaction 
seems to consist largely of 2 : 3 : 5 : 6-tetramethyl ascorbic acid (IV). Whilst the structure 
of these labile derivatives is not yet definitely established, it is now abundantly clear that 
ascorbic acid may undergo isomeric change and react in more than one structural modi- 
fication, and full justification is provided for the caution exercised when the constitution 
of ascorbic acid was first announced (J. Soc. Chem. Ind., 1933, 52, 221) and alternative 
structural forms were indicated. 


EXPERIMENTAL. 
3-Methyl 1-Ascorbic Acid.—l-Ascorbic acid, dissolved in dry methyl alcohol, was titrated 
with an ethereal solution of diazomethane at — 10°. Removal of the solvent in a vacuum at 
15° left a syrup which slowly crystallised. The solid was triturated with ether containing a 
little acetone to remove adhering syrup. The crystalline mass was extracted with hot acetone, 
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leaving a residue (A) (see below). On gradual addition of light petroleum to the acetone solution 
crystalline 3-methyl 1-ascorbic acid was obtained as fine needles (yield, 90%), m. p. 121°, [«]}” 
-+ 29° in water (c, 0-8) (Found: C, 43-5; H, 5-2; OMe, 17-0. C,H 0, requires C, 44-2; 
H, 5-3; OMe, 16-3%). The substance was acid to litmus and gave an intense permanent 
blue-violet colour with aqueous ferric chloride. It required one equivalent of sodium hydroxide 
for neutralisation (indicator : phenolphthalein) ([«]p + 49-3°, after reaction with one equivalent 
of sodium hydroxide). 3-Methyl ascorbic acid does not react with acidified aqueous iodine 
except slowly on long standing (contrast /-ascorbic acid). It reduces boiling Fehling’s solution. 
After treatment of the substance with hot alkali, followed by acidification, iodine is reduced. 
3-Methy] /-ascorbic acid has an intense absorption band in aqueous solution at 245 my (e, 10,000 
approx. for c, 40 mg. per litre). In dilute alkaline solution the head of the band is at 275 mu. 

3-Methy] ascorbic acid (0-2 g.), dissolved in aqueous acetic acid (10 c.c., containing 1 c.c. of 
water and 9 c.c. of glacial acetic acid), was allowed to react with ozone until the rotation became 
constant. The solution was diluted with water and evaporated to dryness under diminished 
pressure. The product was heated with methyl alcohol, and the solvent removed. The 
syrupy product was next dissolved in dry methyl alcohol, and dry ammonia passed into the 
solution. Oxamide separated immediately. After 12 hours the ammonia and solvent were 
removed by evaporation under diminished pressure at 15°. The mixture of oxamide and 
l-threonamide was separated by extraction with methyl alcohol. Removal of the solvent 
left 1-threonamide, which crystallised when kept and was purified by trituration with a mixture 
of methyl and ethyl alcohol; m. p. 88—90°, [a]?}” + 58° in water (c, 1-0) (Found: C, 35-2; 
H, 6-8; N, 10-7. C,H,O,N requires C, 35-5; H, 6-7; N, 10-4%). 

2 : 3-Dimethyl 1-Ascorbic Acid.—3-Methyl ascorbic acid, dissolved in a small quantity of 
methyl alcohol, was treated at — 5° for 12 hours with an excess of diazomethane in ethereal 
solution. On removal of the solvent a pale yellow syrup remained. This readily crystallised 
on nucleation with a fragment of 2: 3-dimethyl J-ascorbic acid. Recrystallisation from dry 
ether gave the pure substance, m. p. 63° alone or when mixed with a specimen of the dimethyl 
derivative prepared directly from ascorbic acid. [a]p + 30° in water (c, 1-3). This crystalline 
dimethyl derivative on treatment with methyl-alcoholic ammonia readily yielded the amide, 
C,H,,0,N,CH,°OH, m. p. 124°. 2: 3-Dimethyl /-ascorbic acid was non-reducing towards 
Fehling’s solution and towards iodine in acid solution. As previously reported, it exhibits an 
absorption band at 230—235 my. For purified recrystallised material in water the values are 
4235 mu, e, 10,300 for c, 28 mg. per litre. In alcohol, 1230 my, e, 10,700 (c, 30 mg. per litre). On 
treatment with alkali in the cold the crystalline dimethyl derivative in aqueous solution takes 
up one equivalent of sodium hydroxide (rotation after completion of reaction, [a]p — 20°, 
calc. on conc. of dimethyl ascorbic acid). On acidification the rotation changes to [a]p — 14° 
(constant value). Similar experiments were carried out with aqueous barium hydroxide, giving 
the corresponding barium salt. After removal of the barium as sulphate the aqueous solution 
containing the free organic acid was evaporated to dryness under diminished pressure, leaving 
a stiff colourless syrup which was acid to litmus. This was heated at 120°/0-1 mm. for 15 
minutes. Lactonisation then occurred and the neutral product consisted almost entirely of 
2 : 3-dimethyl ascorbic acid ([a]p + 27° in water, c, 1-0; absorption band at 235 my) (Found : 
OMe, 31. Calc.,30-4%). That no free carboxy] group was present was confirmed by the observ- 
ation that the substance remained unchanged on treatment with diazomethane. 

2:3: 5: 6-Tetramethyl l1-Ascorbic Acid.—Crystalline dimethyl ascorbic acid was methylated 
four times in succession with methyl iodide and silver oxide. The product after distillation 
was a colourless liquid (yield almost quantitative), b. p. 125°/0-1 mm., nf” 1-4704, [«]>° + 11° 
in methyl alcohol (c, 1-0) (compare Herbert, Hirst, Percival, Reynolds, and Smith, /oc. cit.) 
(Found : OMe, 53-0. Calc. for C,5H,,0,, 53-4%). This sample of tetramethyl /-ascorbic acid 
was submitted to ozonisation by the method previously described (J., 1933, 12). The product 
when treated with ammonia in methyl-alcoholic solution gave oxamide (yield, 90% of the 
theoretical) and 3 : 4-dimethy] /-threonamide (yield, 85%). The latter substance was recognised 
by the method given in our earlier paper. A special search was made for the crystalline amide 
(3: 4-dimethyl erythronamide) which was encountered in small amount during ozonisation 
experiments on specimens of tetramethyl ascorbic acid prepared from partly crystalline dimethyl 
ascorbic acid. In the present experiments this crystalline amide was not found and its 
occurrence must depend upon the presence of isomeric forms in the partly crystalline dimethyl 
derivative. , 

2: 3:5: 6-Tetramethy]l /-ascorbic acid shows in aqueous solution an intense absorption 
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band situated at 1235—240 mu, the value of ¢ being approximately 10,000 for a solution 
containing 4-3 mg. per 100 c.c. 

In the cold, tetramethyl /-ascorbic acid reacted with 1 mol. proportion of sodium hydroxide 
(66-1 mg. required 2-84 c.c. of N/10-sodium hydroxide. Calc., 2-85 c.c.). No decomposition 
occurred and the sodium salt thus formed had a negligible specific rotation, and displayed no 
selective absorption (tested for concentrations up to 60 mg. per 100 c.c.). The barium salt 
(properties similar to those of the sodium salt) was formed by warming tetramethyl /-ascorbic 
acid with barium hydroxide in a nitrogen atmosphere. The excess of barium was removed as 
carbonate and the free organic acid was liberated by addition of the calculated quantity of 
sulphuric acid. On evaporating the solution to dryness, (IX) was momentarily obtained, 
but lactonisation rapidly ensued with regeneration of 2: 3: 5: 6-tetramethyl /-ascorbic acid, 
{a}? + 11° in methyl alcohol (c, 1-0); absorption band at 4235 my, ¢ approx. 9000 (c, 2-5 mg. 
per 100 c.c.). 

Methylation with Methyl Sulphate.—(a) 2: 3-Dimethyl ascorbic acid and methyl sulphate. 
Crystalline 2 : 3-dimethyl /-ascorbic acid (3 g.) in water (5 c.c.) and acetone (20 c.c.) was treated 
for 48 hours with methyl sulphate (5 c.c.) and 40% aqueous potassium hydroxide (15 c.c.) at 
room temperature in an atmosphere of nitrogen. After acidification the product was extracted 
with chloroform and remethylated by the above procedure. After the second treatment the 
product was an acid which had no action on boiling Fehling’s solution. After esterification by 
treatment with silver oxide and methyl iodide the methyl ester was obtained as a colourless 
oil (yield, almost quantitative), b. p. 105°/0-03 mm., nj§° 1-4555, [«]#” — 51° in methyl alcohol 
(c, 0-8) (Found: C, 49-9; H, 7-7; OMe, 57-0. Calc. for C,,H,.0,: C, 50-0; H, 7-6; OMe, 
58-7%). 

This product, which had the elementary composition of methyl tetramethyl ketogulonate, 
was an ester, since on treatment with warm aqueous sodium hydroxide it lost one mol. proportion 
of methyl alcohol. The methyl alcohol was removed by distillation in a slow stream of carbon 
dioxide, trapped in hydriodic acid, and estimated in the usual way as silver iodide (Found : 
OMe, 10-6. Calc., 11-7%). In another experiment the hydrolysis was performed with barium 
hydroxide, the methyl alcohol was removed by distillation in a stream of carbon dioxide, and 
the solution evaporated to dryness under diminished pressure. All these operations were con- 
ducted in a Zeisel apparatus, Hydriodic acid was then added to the solid residue (mixture of 
barium carbonate and the barium salt of the organic acid) and a Zeisel estimation was carried 
out in the usual way [Found : OMe, 45-6 (calc. on weight of originalester). Calc., OMe, 47-0%]. 

The ester was soluble in water and in organic solvents. It was a neutral substance which 
did not reduce Fehling’s solution (even on prolonged boiling) or acid iodine. The absorption 
spectrum showed a weak band at about A240—245 my (ce approx. 500). (It is possible that the 
selective absorption was due to the presence of some 5% of tetramethyl ascorbic acid as 
impurity.) The Zerewitinov reaction for active hydrogen was completely negative. The 
reaction with phenylhydrazine was inconclusive: a quantitative experiment indicated that 
some phenylhydrazine was taken up, but no crystalline derivative was obtained. After pro- 
longed digestion with methyl-alcoholic ammonia the ester was recovered quantitatively and 
unchanged (njj° 1-4555. Found: N, nil; OMe, 58%). 

No decomposition occurred during treatment of the ester with barium hydroxide at 50°. 
From the barium salt so obtained, the acid was liberated in the usual way. [a]? — 42° in 
methyl alcohol (c, 1-0). It reacted with one equivalent of alkali. On methylation it gave the 
above methy] ester, nj$* 1-455, [a]?#" — 45° in methyl alcohol (c, 0-8) (Found : OMe, 57%). 

The methyl ester readily gave furfural when heated with 12% hydrochloric acid (yield, 
67% of the theoretical, the furfural evolved being weighed as the phloroglucide). It displayed 
great resistance to attack by ozone, no change being detectable after treatment of the substance 
for 1 hour in a rapid stream of ozonised oxygen. 

The methyl ester (2-0 g.) was oxidised by nitric acid (d 1-42) for 30 minutes at 65° and then 
for 4 hours at 90°. The nitric acid was removed by distillation under diminished pressure and 
the product was methylated and esterified by treatment with silver oxide and methyl iodide. 
Fractional distillation of the mixed esters gave some methyl oxalate, followed by a mobile 
syrup (1-0 g.), b. p. 95°/0-1 mm., nj§° 1-438, [a] + 40° in methyl alcohol (c, 1-0) (Found : 
OMe, 59%). That this contained a considerable proportion of methyl d-dimethoxysuccinate 
was shown by the formation of d-dimethoxysuccinamide, m. p. about 280° (decomp.), [«]j” + 
90° in water (c, 1-0) (yield, 60%) (Found : OMe, 34-8. Calc. for C,H,,0,N,: OMe, 35-2%). 

(b) Tetramethyl l-ascorbic acid and methyl sulphate. Tetramethyl ascorbic acid (1 g.) was 
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treated with methyl sulphate and potassium hydroxide under similar conditions to those given 
above for dimethyl ascorbic acid. The methylated acid thereby obtained was non-reducing. 
On esterification with silver oxide and methyl iodide it gave the methyl ester (0-8 g.), b. p. 
93°/0-02 mm., uj 1-4608. The specific rotation in methyl alcohol was almost zero 
(Found: C, 51-0; H, 7-8; OMe, 61-0%). These figures indicate a mixture of tetramethyl 
ascorbic acid and (X). The ester required for hydrolysis one equivalent of sodium hydroxide. 
It resembled the methylated product obtained from dimethyl] ascorbic acid in being non-reducing 
and in giving furfural when boiled with 12% hydrochloric acid. It differed from this substance 
in being insoluble in water, in rotation, and in absorption of ultra-violet light. The substance 
obtained from tetramethyl ascorbic acid showed in aqueous solution an intense absorption band 
at 1240—245 mu, ¢ approx. 6000 (c, 4-5 mg. per 100 c.c.). 

2(?)-Methyl 1-Ascorbic Acid.—The residue (A) obtained in the preparation of 3-methy] 
l-ascorbic acid (see p. 1558) was recrystallised from methyl alcohol, giving 2( ?)-methyl l-ascorbic 
acid, m. p. 162°, [a] + 200° in water (c, 0-6) (Found: C, 44-0; H, 5-5; OMe, 15-7. C,H,,0, 
requires C, 44-2; H, 5-3; OMe, 16-3%). 

This substance is acidic, requiring an equivalent of sodium hydroxide for neutralisation 
({a]#? of sodium salt + 223° in water, c, 0-5). It reacts slowly with iodine in acid solution. 
In alkaline solution it readily reduces hot Fehling’s solution. It gives a faint transient colour 
with aqueous ferric chloride. Aqueous solutions of this monomethyl ether display an intense 
absorption band at 4280 my (11,000; c, 2-5 mg. per 100c.c.), In alkaline solwtions the head of 
the band lies further towards the visible (A320 my). 

The monomethy]l ether was dissolved in methyl alcohol and allowed to react with excess of 
diazomethane in ethereal solution. The product was a viscid syrup which showed [«]}” + 107° 
in methyl alcohol (c, 10) (Found: OMe, 31. C,H,,0, requires OMe, 30-4%). This dimethyl 
ether readily occludes methyl alcohol, which can be removed only by heating for some hours 
in a vacuum at 60°. The heating affects the dimethyl ether in that the specific rotation and 
the intensity of the absorption steadily diminish as heating is prolonged. The head of the ab- 
sorption band in aqueous solution is at 4270 my and for the freshly prepared unheated substance 
the value of ¢ is about 10,000; c, 4mg. per 100c.c. When the substance is heated, the band at 
4270 my diminishes in intensity and a strong band at 4235—240 mu makes its appearance and 
the rotation diminishes to that of 2: 3-dimethyl ascorbic acid ({a]p-+ 27° in water). It is 
evident, therefore, that isomerisation to 2 : 3-dimethyl ascorbic acid has taken place. 

Methylation of the second dimethyl] ether with silver oxide and methyl iodide gave a syrup 
which distilled at 105° /0-02 mm., giving a colourless oil (0-5 g.), nif" 1-462, [«]#" — 10° in methyl 
alcohol (c, 0-9) (Found : C, 51-2; H, 7-6; OMe, 55%). This product had an intense absorption 
band at (240 muy (e, approx. 5000; c, 20 mg. per 100 c.c.). The analytical data indicated a 
mixture of substances and from the nature of the absorption and the general properties of the 
material it seems likely that it consisted largely (ca. 50%) of 2: 3: 5 : 6-tetramethyl ascorbic acid. 
On ozonisation it gave oxalic acid (150 mg. gave 20 mg. of oxalic acid, weighed as oxamide). 
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339. The Carbohydrates of Grass. Isolation of a Polysaccharide 
of the Levan Type. 


By S. W. CHALLINOR, W. N. Haworth, and E. L. Hirst. 


UNDER a scheme promoted by Imperial Chemical Industries, Ltd., we have been able to 
examine the carbohydrate content of rough-stalked meadow grass (Poa trivialis) grown 
at the Agricultural Research Station, Jealott’s Hill, Bracknell. Other constituents of the 
same specimen of grass have been reported on by Dr. A. C. Chibnall and his collaborators 
(Biochem. J., 1933, 27, 1879; 1934, 28, 326), to whom we are indebted for providing an 
aqueous extract of the dried grass from which protein and insoluble polysaccharides were 
absent. F 
Our detailed examination has revealed the presence inter alia of a water-soluble poly- 
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saccharide from which only fructose is liberated on hydrolysis. From its properties, 
including those of its acetyl and methyl derivatives, we have been able to relate this 
polysaccharide to levan, the analogue of inulin, and previously obtained only by the action 
of micro-organisms (e.g., B. mesentericus) on sugars containing fructose (Harrison, Tarr, and 
Hibbert, Canadian J. Research, 1930, 3, 449; Hibbert, Tipson, and Brauns, 7b7d., 1931, 4, 
221). Simultaneously with this work on the identification of the soluble polysaccharide 
from grass we have investigated the constitution and chain-length of levan (this vol., 
p. 676). Its molecular structure is ee by the following formula : 
O y O 
HO—H,C en = armen O64. OH 
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Whilst the points of union of contiguous fructose residues in inulin are at the positions 1 
and 2, the linking of the units in levan are through the hydroxyl groups at positions 2 and 6 
in the fructo-furanose residues. Hydrolysis of methylated levan and of the methylated 
water-soluble polysaccharide from grass gave the same crystalline 1: 3: 4-trimethyl 
fructose. We have shown that the chain-length of levan is represented by 10—12 fructo- 
furanose units linked as above, and that the grass polysaccharide is identical in all its physical 
and chemical properties. We have not, however, been able to determine the chain-length 
of the grass polysaccharide, but from its general behaviour we judge that this is not very 
different if at all from that of levan. It is evident that this compound represents an 
important means of storage of carbohydrate material in meadow grass. 

Of the reducing sugars present in the aqueous extract of the grass, glucose and fructose 
predominated and occurred in approximately equal amounts. The former was isolated as 
the penta-acetate (crystalline) and as the osazone. The syrupy mixture of these sugars 
gave phenylglucosazone in the cold, a circumstance which furnishes abundant confirmatory 
evidence of the presence of fructose. 1t does not seem to be generally known that fructose 
yields an osazone without heating in the presence of phenylhydrazine. In one specimen 
of the extract, galactose was detected and crystalline mucic acid isolated from it. 

It becomes clear that in plant life reserve carbohydrate may be stored as chains of 
fructo-furanose units in two distinct materials: (a) as the inulin group of products, and 
(b) as the levan type, each differing in their mode of linking. No example is yet known of 
the occurrence of fructo-pyranose units in a natural polysaccharide. On the other hand, in 
natural products, glucose units appear to be exclusively pyranose in type. The present 
work affords another example of this statement in that the only disaccharide which could 
be identified with any certainty in the grass extract was gentiobiose, which was isolated and 
examined crystallographically as the octamethy] derivative. 


EXPERIMENTAL. 


Isolation of a Polysaccharide present in an Aqueous Extract of Dried Rough-stalked Meadow 
Grass (Poa trivialis).—An aqueous extract (23 1. from which proteins had been removed) of dried 
rough-stalked meadow grass (dry weight, 2780 g.) was concentrated under diminished pressure 
at 20° to 2200c.c. Alcohol (4500c.c.) was added, and the precipitate separated on the centrifuge. 
The solid material, which contained only traces of reducing sugars, was dissolved in water and an 
excess of neutral lead acetate was added to the solution, which at this stage was slightly acid to 
litmus (acidification, if necessary, with acetic acid). After removal of the small precipitate 
ammonia was added until the solution was strongly alkaline. The copious precipitate of the 
lead—~sugar complex was collected on the centrifuge, dissolved in 30% aqueous acetic acid, the 
solution centrifuged, and the lead—sugar complex reprecipitated with ammonia and washed with 
dilute aqueous ammonia. It was then suspended in water at 60°, and the lead removed as lead 
carbonaté by bubbling carbon dioxide through the mixture. After filtration, the solution was 
evaporated under diminished pressure at 40° to a thin syrup, which was poured into alcohol. 
The precipitated polysaccharide was purified by solution in water, followed by reprecipitation 
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by alcohol. It was a non-reducing white powder, soluble in water but insoluble in organic 
solvents (yield, 20 g.). 

Further purification was effected by formation of the acetyl derivative (which can be readily 
purified) and subsequent de-acetylation. The polysaccharide then showed [«]}° — 41° in water 
(c, 1-0). It was non-reducing, soluble in water, insoluble in organic solvents, and gave no colour 
with iodine [Found (for air-dried material containing 8% of moisture) : C, 40-5; H, 6-7. These 
figures are equivalent to C, 44-1; H, 6-3 for moisture-free material. C,H, ,O, requires C, 44-4; 
H, 6-2%]. 

The hydrolysis of the polysaccharide in N /10-hydrochloric acid at 20° was followed polari- 
metrically. The rotation changed smoothly from [«]p — 40° to — 96° in the course of 3 hours. 
When the final figure is calculated on the basis of concentration of sugar after hydrolysis, the 
value is — 87°, in close agreement with the value for fructose ([a]p — 91°). Evidence for the 
presence of fructose was obtained by the formation at room temperature of glucosazone, m. p. 
205°. No mannose phenylhydrazone could be detected and mannose was presumably absent. 
Before hydrolysis the aqueous solution of the polysaccharide was non-reducing and gave no 
blue colour when tested by Bredereck’s specific colorimetric method for fructose. After 
hydrolysis, a colorimetric estimation by Bredereck’s method indicated that a quantitative 
conversion of the polysaccharide into fructose had taken place. It appeared, therefore, that no 
sugar other than fructose is liberated during hydrolysis. 

Acetylation of Polysaccharide.—The substance (1 g.) was dissolved in water (2 c.c.), and 
pyridine (25 c.c.) mixed slowly with the solution. Acetic anhydride (25c.c.) was then gradually 
added, the temperature not being allowed to exceed 35°. After 2 days at room temperature the 
clear solution was slowly poured into water (400 c.c.) and the white precipitate was washed 
repeatedly with water until free from acid. The crude acetate (1-4 g.) was soluble in chloroform, 
sparingly soluble in acetone, and slightly soluble in hot alcohol. Purification of the acetate was 
effected by extraction with warm alcohol, followed by solution of the undissolved material in 
chloroform and reprecipitation by addition of light petroleum. The polysaccharide acetate so 
obtained was a non-reducing white powder indistinguishable in its properties from levan acetate. 
When heated, it softened at 110° and melted gradually over a wide range of temperature (about 
100°). [a]#* + 23° in chloroform (c, 1-0) (Found: C, 49-9; H, 5-7; CH,-CO, 44-2. Calc. for 
C,.H,,0,: C, 50-0; H, 5-6; CH,°CO, 44-8%). 

The rotation of the polysaccharide acetate varied somewhat according to the mode of pre- 
paration. Similar observations were recorded in control experiments on the acetylation of 
levan. The details of these will be published later (compare inulin acetate, Haworth and 
Streight, Helv. Chim. Acta, 1932, 15, 609). 

Methylation of Polysaccharide.—The polysaccharide acetate was simultaneously de-acetylated 
and methylated with methyl sulphate and sodium hydroxide in the presence of acetone at 50°, 
the usual procedure being followed. The methylated derivative separated as an insoluble 
powder when the solution was heated at 80°, after removal of the acetone by distillation. The 
solid was collected, washed with hot dilute sodium hydroxide, and re-methylated. After three 
methylations the product was washed with small quantities of boiling water until almost ash- 
free. The trimethy/l derivative was thus obtained as a grey powder (yield, 75% of the theoretical), 
soluble in chloroform and acetone in the cold, almost insoluble in hot water, but becoming sticky 
in cold water. [«]}%,, — 60° in chloroform (c, 1-0) (Found: C, 52-9; H, 8-1; OMe, 43-3. 
C,H,,O, requires C, 52-9; H, 7-9; OMe, 45-6%). 

Hydrolysis of Methylated Polysaccharide.—The methylated derivative (3-46 g.) was boiled for 
150 minutes with 1-5% methyl-alcoholic hydrogen chloride (300 c.c.) until the rotation had 
reached the constant value [«]%, + 31°. The solution (which was non-reducing and free from 
furfural) was neutralised with silver carbonate and concentrated in a vacuum to a pale yellow, 
non-reducing syrup. This was dissolved in ether, leaving an insoluble residue (0-45 g.) which 
appeared to consist of incompletely hydrolysed material. After removal of the ether the mobile 
syrup (3-0g.) which remained was distilled, giving (a) mobile oil (0-4 g.), b. p. 95—100° /0-03 mm. 
(bath temperature), nj§* 1-4197; (b) mobile oil (1-5 g.), b. p. about 140°/0-03 mm. (bath tem- 
perature), mj; 1-4590 (Found : OMe, 49-2. Calc. for C,gH,.0,: OMe, 52-6%); (c) viscid syrup 
(0-2 g.), b. p. 190—220°/0-05 mm. (bath temperature), njf*° 1-4704; (d) undistillable still-residue 
(0-8 g., probably incompletely hydrolysed material). 

Fraction (b) was non-reducing towards Fehling’s solution; [a]2%, + 9° in water (c, 2-5). 
When this substance was heated at 95° with 1-2% hydrochloric acid, the rotation altered in 
35 minutes from the above value to the final constant value [a]?% — 43° (calc. as trimethyl 
fructose). The acid was then neutralised with silver carbonate and the solution was evaporated 























The Carbohydrates of Grass. 1563 


to dryness under diminished pressure. The product was dissolved in ether to eliminate some 
mineral impurities and on removal of the solvent 1 : 3 : 4-trimethyl fructose was obtained as a 
colourless syrup (yield, almost quantitative), which rapidly crystallised after inoculation with a 
fragment of the authentic material. The crystals formed a solid mass which appeared to be 
almost free from adhering syrup. [«]?,, — 49° in water (c, 1-0), final equilibrium value after 
completion of mutarotation. This value is close to that of authentic 1 : 3 : 4-trimethyl fructose 
prepared from levan ([«]}§,, — 52°, equilibrium value in water) and indicates that there was no 
serious contamination with other sugars. Further proof of identity was provided by recrystal- 
lising the above material from ether. This gave 1: 3 : 4-trimethyl fructose, m. p. 75° (alone or 
in admixture with a sample prepared from levan). The properties of this substance were 
identical with those already recorded for 1 : 3 : 4-trimethy] fructose. 

Reducing Sugars in Aqueous Extract of Dried Rough-stalked Meadow Grass.—The aqueous 
alcoholic solution from which the polysaccharide portion had been removed (see above) strongly 
reduced Fehling’s solution. The sugars were precipitated in the usual way with basic lead 
acetate, and the lead removed from the insoluble lead complex as the carbonate. Any remaining 
dissolved lead was removed as sulphide from the aqueous solution of the regenerated sugars. 
The hydrogen sulphide was removed by aeration, and the solution concentrated under diminished 
pressure to llitre. The total amount of reducing sugars present at this stage was equivalent to 
165 g. of glucose (obtained from 2780 g. of grass, dry-weight). Tests were made on this solution 
and on others obtained by similar procedure with the following results : 

(a) Aldose-ketose ratio. Estimation of the total reducing sugars by Fehling’s solution and of 
the aldose content by the Willstatter-Schiidel method showed that every 100 g. of reducing 
sugars (calc. as glucose after titration with Fehling’s solution) contained 54 g. of aldose (calc. as 
glucose). 

(b) Qualitative tests for individual sugars. Glucosazone, m. p. 205°, was formed readily at 
room temperature and in greatly increased yield at 100°. These observations together with 
those under (a) indicate that both glucose and fructose were present in quantity. When estim- 
ations were carried out by the specific colorimetric method of Bredereck, it was found that the 
fructose present amounted to one half of the total reducing sugars (the latter being estimated as 
glucose by Fehling’s solution). 

No mannose phenylhydrazone was observed and mannose was presumably absent. Negative 
results were obtained when the cadmium bromide—cadmium xylonate test for xylose was carried 
out. Qualitative tests for the presence of arabinose (as benzylphenylhydrazone) were negative. 
The furfural test for pentoses was inapplicable owing to the presence of fructose.- It would 
appear, however, that at most only very small quantities of pentoses could be present. From 
one solution a trace of mucic acid (test for galactose) was obtained after oxidation with nitric 
acid, but this was not given by other batches of reducing sugars. In any case the amount of 
galactose present was negligible. 

(c) Acetylation of mixed sugars. A neutral aqueous solution (100 c.c.) containing 4% of 
reducing sugars (calc. as glucose) was evaporated to a syrup under diminished pressure in a 
stream of carbon dioxide. The last traces of water were removed by simultaneous addition and 
distillation of glacial acetic acid under diminished pressure. The dry syrup was acetylated with 
acetic anhydride (200 c.c.) and anhydrous sodium acetate (30 g.). After 2} hours at 95—100° 
the mixture was poured into 1500 c.c. of cold water. A viscid syrup (A) separated and after 
12 hours at room temperature the supernatant aqueous solution was removed by decantation, 
neutralised with sodium bicarbonate, and extracted with chloroform. The chloroform extract 
gave 6-75 g. of neutral brown syrup, which was soluble in water. This syrup was re-acetylated, 
and the product separated into two fractions; (a) mobile syrup, 2-7 g. (CH,°CO, 53%), soluble 
with difficulty in water, and (b) mobile syrup, 3-3 g. (CH,°CO, 55-5%), readily soluble in water. 
The syrup (A) was re-acetylated and the product separated into two fractions; (c) viscid syrup, 
4-05 g. (CH,-CO, 51%), and (d) mobile syrup, 1-4g. (CH,°CO, 52-2%). Unsuccessful attempts 
were made to obtain crystalline products from these four syrups by fractional precipitation for a 
series of organic solvents. In other experiments the syrups were de-acetylated and the regener- 
ated free sugars were examined. No crystalline product except glucose was obtained. 

The remaining portions of the four syrups (a), (b), (c), and (d) were then united and joined 
with another batch of acetylated sugars prepared similarly to (A) (seeabove). The mixture was 
extracted with boiling ether and the ether-soluble portion (10 g.) was distilled under diminished 
pressure, giving (1) 0-8 g., yellow mobile oil, b. p. 190—200°/0-02 mm. (bath temperature), 
(2) 5-6 g., pale yellow, viscid oil, b. p. 190—215°/0-03 mm. (bath temperature), (3) 2-75 g., pale 
yellow, viscid oil, b. p. 210—230°/0-03 mm. (bath temperature). Fractions (2) and (3) crystal- 
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lised on trituration with ether. The syrupy portions were removed by spreading the mixture 
on porous tile and the solid material was recrystallised from alcohol, giving $-penta-acety] 
glucose, m. p. 133°, [«]?%, + 3° in chioroform (c, 1-03). The yields were 1-2 g. from (2) and 
1-3 g. from (3). Thesyrupy portions of (2) and (3), after recovery from the tile, again deposited 
crystals of 6-penta-acetyl glucose. The total quantity of the latter substance in fractions (2) 
and (3) was at least 4 g. 

When crystallisation of 8-penta-acetyl glucose in (3) had ceased, the remaining syrup was 
dissolved in alcohol and on removal of the solvent the clear syrup which remained slowly 
deposited a fresh crop of crystals. These were recrystallised from alcohol, giving needles, m. p. 
192—193°. From solubility, m. p., and b. p., this material may have been an acetylated 
disaccharide. For confirmatory evidence of the presence of disaccharides in the sugar mixture 
see the following section. 

Methylation of Mixed Sugars.—The solution (300 c.c., containing approx. 4% of reducing 
sugars calculated as glucose) was concentrated under diminished pressure in a stream of carbon 
dioxide to 100c.c. Methylation was then effected in the usual way by methyl sulphate (119 c.c.) 
and 30% aqueous sodium hydroxide (267 c.c.) inthe presence of acetone. The early stages of the 
methylation were carried out at 35° and considerable reducing power remained even after the 
addition of half the total quantity of the reagents. The mixture was then kept for 12 hours 
without further addition of reagents and was then non-reducing. The methylation was com- 
pleted in the usual way, and the product extracted with chloroform. The syrup so obtained was 
remethylated with methyl sulphate and afterwards with methyl iodide and silver oxide. The 
final methylated product (19 g.) was a mobile syrup which consisted of a complex mixture of 
methylated monosaccharides and disaccharides, the relative proportion of monosaccharide and 
disaccharide being approximately 7to 1. After a prolonged series of fractional distillations two 
fairly homogeneous fractions were isolated: (a) 8g., colourless mobile oil, b. p. 95—105° /0-05 mm. 
(bath temperature), nj" 1-4444 (Found : OMe, 59-6%). The properties of this material indicated 
that it was a mixture of fully methylated hexoses (some pentose derivatives may have been 
present also, but could not be detected by the furfural reaction since fructose was known to 
be present). On hydrolysis with 6-5% hydrochloric acid a syrup was obtained which crystallised 
on nucleation with 2 : 3: 4 : 6-tetramethyl glucopyranose. The solid material was separated on 
porous tile and was identified as 2: 3: 4: 6-tetramethyl glucopyranose, m. p. 86° alone or in 
admixture with an authentic specimen (yield, 3g.)._ No other crystalline substance was isolated 
from the syrup after hydrolysis. The anilides formed when the syrup was boiled with aniline 
in alcoholic solution were syrups. 

(b) 1-3G., non-reducing, viscid, pale yellow oil, b. p. 190—210°/0-03 mm., nj" 1-4668 (Found : 
C, 52-6; H, 8-7; OMe, 52-5. Calc. for Cy5H,,0,,: C, 52-9; H, 8-4; OMe, 546%). This 
fraction had the composition of a fully methylated disaccharide. When kept, it partly crystal- 
lised. Crystallographic examination of the solid material showed that the latter was in all 
probability heptamethyl methylgentiobioside. Since no detectable hydrolysis took place when 
the syrup was heated for 30 minutes with N/10-hydrochloric acid at 60°, it follows that no 
appreciable amount of methylated sucrose was present. Hydrolysis occurred when the syrup 
was heated with 5% hydrochloric acid at 100° for 2 hours; [a]? + 60° (initial value) > + 70° 
on completion of hydrolysis. The solution was neutralised with barium carbonate and extracted 
with chloroform. Evaporation of the chloroform left a pale yellow, strongly reducing syrup 
(0-42 g., n=’ 1-4587, [a]p + 75°, equilibrium value in water). This partly crystallised when 
kept, giving 2: 3: 4: 6-tetramethyl glucopyranose, and evidently consisted mainly of the latter 
substance. 

The aqueous solution was then evaporated to dryness under diminished pressure. The 
organic material was extracted with boiling chloroform. It was a stiff syrup (0-38 g.) which 
reduced Fehling’s solution strongly ; nj" 1-4713, [a]? + 75°, equilibrium value in water (c, 0-4). 
It failed to show any sign of crystallisation when inoculated with a fragment of authentic 
2:3: 6-trimethyl glucose. 


The authors are indebted to Mr. E. Gordon Cox for crystallographic identifications of the 
crystalline substances given in this paper, and to Imperial Chemical Industries, Ltd., for a grant. 


UNIVERSITY OF BIRMINGHAM, EDGBASTON. [Received, August 17th, 1934.) 
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340. The Mechanism of the Deamination of Amino-alcohols. Part I. 
Amino-alcohols derived from Phenyl a-Amino-f-phenylethyl Ketone. 


By ARTHUR K. MILLs. 


It was shown by McKenzie and Roger (J., 1924, 125, 844) that a study of the deamination 
of amino-alcohols, Ph*CH(NH,)*C(OH)PhR, derived from desylamine (McKenzie and 
Richardson, J., 1923, 128, 79) could be used to compare the migrational aptitude of the 
phenyl group with that of other organic radicals. Since many of these deaminations 
led to unexpected results, McKenzie and Mills (Ber., 1929, 62, 1784) studied the reactions 
with optically active amino-alcohols, and they were then able to confirm the fact that in 
every case the reaction involved almost entirely the migration of the phenyl group, although 
the extension of the work to optically active material showed a very slight wandering of 
other aromatic groups—the anisyl and the «-naphthyl radical. McKenzie, Mills, and 
Myles (Ber., 1930, 63, 904) later showed that deamination of §-amino-«$-diphenyl-«-p- 
tolylethyl alcohol caused in the same way almost entirely the migration of the phenyl 
group and only to an extremely small extent the migration of the #-tolyl group. These 
results were all the more surprising as not only had the dehydration of glycols and pinacols 
(Tiffeneau and Lévy, Bull. Soc. chim., 1931, 49, 1661; Bachmann and Shankland, J. Amer. 
Chem. Soc., 1929, 51, 306; Bailar, zbid., 1930, 52, 3596; Bachmann and Moser, 7bid., 1932, 
54, 1124) led to the supposition that the a-naphthyl, anisyl, and #-tolyl radicals had a 
greater tendency to migrate than the phenyl radical, but also the deamination of various 
amino-alcohols of the type CPhR(OH)-CH,*NH, (R = a-naphthyl, anisyl, or #-tolyl) 
had caused no migration of the phenyl group. 

It thus became evident that two types of deamination of amino-alcohols led to entirely 
different results with regard to the comparative migrational aptitude of the phenyl group : 


Ph Ph R 
o—CcH 
Ar> 2 __, Ph-CO-CH,Ar Are SH —> Arco-cHck 


‘-r OH NH, H NH, 
Type A. Type B. 


Ar =a-naphthyl (Luce, Compt. rend., R=Ph. Ar=a-naphthyl, anisyl, or p- 
1925, 180, 145), anisyl (Orékhoff and Roger, tolyl (McKenzie and Mills; McKenzie, Mills, 
ibid., p. 70), or p-tolyl (McKenzie, Mills, and Myles, /occ. cit.). 
and Myles, Joc. cit.). 


As it was only in the deamination of amino-alcohols of the type CPhAr(OH)*CHPh-NH, 
that this anomalous migration of the phenyl group occurred, it has been assumed that 
the normal reaction is the migration of the heavier radicals, as in type (A), and the migration 
of the phenyl group, as in type (B), has been considered abnormal. Such a decision 
cannot, however, be made until the deamination of amino-alcohols has been further exam- 
ined. In order to study the factors governing rearrangement, a study has therefore been 
made of the deamination of a series of alcohols of the type CPhAr(OH)*CH(CH,Ph)-NHg, 
where the migration must occur towards a secondary carbon atom with a benzyl 
group attached. As the benzyl group has an extremely small saturation capacity (Tiffeneau 
and co-workers, Bull. Soc. chim., 1931, 49, 1776, 1788, 1840), the chemical nature of this 
series of amino-alcohols should approach closely to that which led to deaminations of 
type (A). 

Phenyl «-amino-$-phenylethyl ketone hydrochloride, PheCO*CH(CH,Ph)*NH,,HCl, was 
acted upon by Grignard reagents to give the required amino-alcohols, which were then 
treated with nitrous acid. The composition of the resulting ketones showed whether the 
reaction was of type (A), forming (I), or of type (B), forming (IT). 


CH,Ph 


Ph 

> een” 8 

) phco-cHcCHsPh <— Arey SH —> — arcocH<GHePh (™) 
2 
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As a preliminary experiment, 8-amino-af-dibenzyl-a-phenylethyl alcohol was acted on by 
nitrous acid. In this case, where only the phenyl and the benzyl group could migrate, 
it was expected to find the migration of the phenyl group on account of its more aromatic 
character: the reaction actually took this course, the product being «y-diphenyl-y- 
benzylacetone : 









CH,Ph 
bc— 
CH,Ph - i —>  CH,Ph-Co- CHC, i 


The reaction of 8-amino-«y-diphenyl-a-p-tolyl-n-propyl alcohol with nitrous acid was now 
studied : both the phenyl and the #-toly] radical are liable to migrate and, as has been seen, 
it was impossible to make any predictions as to the final product. Actually, only #-tolyl 
«8-diphenylethyl ketone was isolated in almost theoretical yield. The deamination of 
8-amino-ay-diphenyl-a-(a-naphthyl)-n-propyl alcohol was carried out in a similar manner, 
and the product was «-naphthyl «8-diphenylethyl ketone. The phenyl group had evidently 
migrated in both cases as in type (B) : 






















o> 
h H 

Ae —> = ArCocH<SHsPh 

bu NH, (Ar = p-tolyl or a-naphthyl.) 

Ina recent paper (Bull. Soc. chim., 1931, 49, 1686) Tiffeneau indicates that in the deamin- 
ation of some amino-alcohols of the type CH,°CH(NH,)-C(OH)PhAr (Ar = £-tolyl or 
anisyl) the phenyl group migrates. It is therefore evident from these results that the normal 
deamination of amino-alcohols is that of type (B). 

Bailar and Bachmann and co-workers (/occ. cit.) have recently studied the dehydration 
of sym.-pinacols and deduced a number for the “‘ migrational aptitude ”’ of various organic 
radicals compared with phenyl as unity: «-naphthyl 18 > #-tolyl 15 > phenyl 1. It 
is evident that these figures cannot be applied to migrations arising from the deamination 
of amino-alcohols. Bachmann and Moser (/oc. cit.) state that ‘‘ the migration aptitude of a 
group in a symmetrical benzopinacol has been shown to be a property characteristic of that 
group and is not dependent on the particular pinacol in which it is found.” The author 
holds, however, that no evidence is yet forthcoming to show that organic groups have any 
definite characteristic such as a “ migrational aptitude ”’ and, therefore, that no attempt 
can be made to explain the mechanism of reactions by the application of such values. It 
seems more reasonable to assume that the comparative “‘ migratory aptitudes ” of organic 
radicals tend to differ for every compound, but that in very similar compounds—the tetra- 
substituted aromatic pinacols—the difference has not been measurable. Notice must be 
taken of the nature of the carbon atom towards which the migration occurs, and, where 
different dehydrating agents are used, of the possibility of the formation of different 
intermediate additive structures. 

Lévy, Gallais, and Abragam (Bull. Soc. chim., 1928, 48, 868) give another example of 
the variable migration of organic groups, for in the deamination of 8-anisyl-8-phenyliso- 
propylamine the phenyl group migrates more readily than the anisyl group, whereas the 
dehydration of the corresponding alcohol, $-anisyl-8-phenyl:sopropyl alcohol, causes the 
migration of the _— group : 


. n_Ph 
“MeO-C, i, hScH- cH<Nt —> MeO-C,HyCHiC<yy 
CH, -OMe 




























These reactions show a close analogy with those already outlined in this paper, for the less 
negative aromatic radical again migrates during deamination and the more negative group 
during dehydration. 
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EXPERIMENTAL 


Phenyl a-Amino-B-phenylethyl Ketone Hydrochloride——Phenyl 8-phenylethyl ketone was 
prepared in practically theoretical yield by the reduction of chalkone in ethyl-alcoholic solution 
with platinum-black as catalyst. The isonitroso-compound was obtained by the method of 
Schneidewind (Ber., 1888, 21, 1326) but with the use of methyl alcohol, in which the ketone is 
more soluble. Dissolved in alcohol (120 c.c.) it (30 g.) was reduced with stannous chloride 
(156 g.) in 225 c.c. of concentrated hydrochloric acid and alittle tin. After 3 days, the precipitate 
was filtered off, dried, washed with ether (which removed 6 g. of unattacked isonitroso-com- 
pound), and in hot aqueous solution freed from tin as sulphide. Phenyl «-amino-B-phenylethyl 
ketone hydrochloride crystallised on cooling; recrystallised from 90% alcohol, it formed clusters 
of colourless needles (25 g.), m. p. 228—229° (decomp.) (Found: C, 68-9; H, 6-3; N, 5-2; Cl, 
13-3. C,;H,,ON,HCI requires C, 68-8; H, 6-2; N, 5-4; Cl, 13-6%). 

8-A mino-aB-dibenzyl-a-phenylethyl alcohol.—5 G. of the preceding hydrochloride were added 
gradually to the Grignard reagent prepared from 14-5 g. of benzyl chloride (6 mols.). The 
mixture was heated for 2 hours on a water-bath and then decomposed by ice and hydrochloric 
acid. The 8-amino-a8-dibenzyl-a-phenylethyl alcohol hydrochloride which separated was washed 
with ether and crystallised several times from absolute alcohol (yield, 5-5 g.), forming needles, 
m. p. 251—252° (decomp.) (Found : C, 74-6; H, 7-1; N, 4-0; Cl, 9-7. C,,H,,;ON,HCI1 requires 
C, 74:6; H, 6-8; N, 4:0; Cl, 100%). The amino-alcohol hydrochloride was dissolved in hot 
aqueous alcohol, and the solution made alkaline with ammonia. The f-amino-a®-dibenzyl-a- 
phenylethyl alcohol obtained crystallised from aqueous alcohol in colourless rectangular prisms, 
m. p. 96—97° (Found : C, 83-3; H, 7-4; N, 4-6. C,,H,,ON requires C, 83-2; H, 7-3; N, 4-4%). 

Deamination. To a solution of 2-0 g. of the amino-alcohol in 80 c.c. of 25% acetic acid, 
cooled in ice-salt, a solution of 2-0 g. of sodium nitrite in 20 c.c. of water was added during 2 
hours with mechanical stirring. After 12 hours, the slightly oily product was collected, washed 
with water, and crystallised from rectified spirit; colourless needles (1-8 g.) were obtained, 
m. p. 74—74-5° alone or mixed with benzyl «$-diphenylethy] ketone obtained from the deamin- 
ation of 8-amino-$-phenyl-««-dibenzylethyl alcohol (J., 1927, 575). 

8-A mino-xy-diphenyl-a-p-tolyl-n-propyl Alcohol.—From 5 g. of phenyl «-amino-f-phenylethyl 
ketone hydrochloride and the Grignard reagent prepared from 19-7 g. of p-tolyl bromide (6 mols.), 
by the method already described, B-amino-wy-diphenyl-a-p-tolyl-n-propyl alcohol hydrochloride 
(4-2 g.) was obtained; it crystallised from rectified spirit in fine needles, m. p. 218—219° 
(decomp.) (Found: C, 74-5; H, 6-9; N, 3-9. C,,H,,ON,HCI requires C, 74:6; H, 6-8; N, 
40%). It was converted into B-amino-wy-diphenyl-a-p-tolyl-n-propyl alcohol, which crystallised 
from rectified spirit in spheres of fine needles, m. p. 134—135° (Found : C, 83-1; H, 7-5; N, 4-6. 
C,.H,,ON requires C, 83-2; H, 7-3; N, 44%). 

Deamination. From 1-1 g. of the amino-alcohol, in dilute acetic acid, and a solution of sodium 
nitrite (1-0 g.) in water, after 2 hours’ stirring at 0°, a white solid (1-0 g.) separated, which 
crystallised from aqueous alcohol in fine needles (0-9 g.), m. p. 89—90° alone or mixed with 
p-tolyl diphenylethyl ketone prepared by the action of sodium ethoxide and benzyl chloride 
on benzyl p-tolyl ketone (Turner, J., 1915, 107, 1460). 

B-A mino-ay-diphenyl-a-(a-naphthyl)-n-propyl Alcohol.—5 G. of phenyl «-amino-f-phenyl- 
ethyl ketone hydrochloride were slowly added to the Grignard reagent prepared from 23:8 g. of 
a-naphthyl bromide (6 mols.). The mixture was left over-night, heated on a water-bath for 
2 hours, and decomposed with ice and hydrochloric acid. A red oil was precipitated which 
changed to a white solid after a day; this was washed with ether and crystallised several times 
from aqueous alcohol and then from rectified spirit, 4-3 g. of 8-amino-«y-diphenyl-«-(«-naphthyl)- 
n-propyl alcohol hydrochloride being obtained in rectangular prisms, m. p. 229—230° (decomp.). 
The amino-alcohol hydrochloride was converted into §-amino-xy-diphenyl-a-(a-naphthyl)-n- 
propyl alcohol, which crystallised from absolute alcohol in rectangular prisms, m. p. 165—166° 
(Found : C, 84-8; H, 6-7; N, 4-0. C,;H,,ON requires C, 84-95; H, 6-6; N, 4-0%). 

Deamination. An aqueous solution of sodium nitrite (1-0 g.) was slowly added at 0° to the 
amino-alcohol (1-5 g.) dissolved in dilute acetic acid. A thick yellowish pasty mass separated 
and was extracted with ether. The resulting oil (1-4 g.) was crystallised from rectified spirit 
and then from light petroleum (b. p. 70—90°), forming rhombohedral crystals (1-0 g.), m. p. 
68—69°, alone or mixed with a-naphthyl aB-diphenylethyl ketone synthesised from a-naphthyl 
benzyl ketone (Found : C, 89-3; H, 5-9. C,;H» O requires C, 89-2; H, 6-0%). 

Synthesis of a-Naphthyl a8-Diphenylethyl Ketone.—4 G. of carefully purified naphthyl benzyl 
ketone (Luce, Compt. rend., 1925, 180, 145) were added to sodium (1 atom) dissolved in 20 c.c. of 
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absolute alcohol and the mixture was refluxed for 5 minutes on a water-bath. Benzyl chloride 
(1 mol.) was then added, and the whole refluxed for 3 hours until neutral and poured into water. 
The oil which separated was extracted with ether and crystallised from rectified spirit and light 
petroleum (b. p. 70—90°), a-naphthyl «$-diphenylethyl ketone (4-2 g.) being obtained, m. p. 
68—69°. 


The author is indebted to Professor Karl Freudenberg, Heidelberg, for his interest in the work 
and to the International Education Board of New York for a Fellowship. 


CHEMISCHES INSTITUT DER UNIVERSITAT, HEIDELBERG. 
THE UNIVERSITY, ABERDEEN. [Received, March 13th, 1934.) 








341, The Mechanism of the Deamination of Amino-alcohols. Part LI. 
Amino-alcohols derived from a-Aminopropiophenone Hydrochloride. 


By ARTHUR K. MILLs and JAMES GRIGOR. 


As described in Part I (Mills, preceding paper), the deamination by means of nitrous acid 
of amino-alcohols of the type (I) has led to the following results: (i) R=H, R’ = 
a-naphthyl, p-tolyl, or anisyl—migration of R’—type (A) (Luce, Compt. rend., 1925, 180, 
145; Orékhoff and Roger, Compt. rend., 1925, 180, 70; McKenzie, Mills, and Myles, Ber., 
1930, 63, 904) ; (ii) R = Ph, R’ = a-naphthyl, p-tolyl, anisyl, methyl, or ethyl—migration of 
Ph—type (B) (McKenzie and Richardson, J., 1923, 123, 79; McKenzie and Roger, J., 
1924, 125, 844; 1927, 571; McKenzie and Mills, Ber., 1929, 62, 1784; McKenzie, Mills, 
and Myles, Joc. cit.). It was shown that if R = CH,Ph, there is again a migration of the 
phenyl group when R’ is the «-naphthy], f-tolyl, or benzyl radical. During the deamination 
of two series of amino-alcohols (R = Ph and CH,Ph) the phenyl group shows a greater 
tendency to migrate than the «-naphthyl or the #-tolyl group, although contrary results 
have been obtained from the dehydration of glycols and sym.-pinacones (Tiffeneau and 
Lévy, Bull. Soc. chim., 1931, 49, 1661). 

In order to determine whether type (B) is the normal rearrangement during the de- 
amination of such amino-alcohols, our observations have been extended to the series for 
which R = CH, where the migrations occur towards a secondary carbon atom with a 
methyl group attached. 

The amino-alcohols were obtained by the action of Grignard reagents on «-amino- 
propiophenone hydrochloride. When $-amino-a-phenyl-a-1-naphthyl-n-propyl alcohol, pre- 
pared by the action of naphthylmagnesium bromide, was treated with nitrous acid, the 
reaction product was identified as a-phenylethyl a-naphthyl ketone. It was again evident 
that the phenyl group had migrated in preference to the a-naphthyl group during semi- 
pinacolinic deamination. 


Ph R Ph H 
KK Soe : CHs 
=) | a CoH, | IN amp CigHyCO-CHE 
(.) OH NH, H NH, 


As a publication appeared by Tiffeneau (Bull. Soc. chim., 1931, 49, 1686) indicating 
that the phenyl group had been found to migrate in the deamination of amino-alcohols 
of this type (I; R = CHg;, R’ = #-tolyl or anisyl), we discontinued the preparation of 
amino-alcohols of this series by means of aromatic Grignard reagents. 

The practical details of Tiffeneau’s semi-pinacolinic deaminations have not yet been 
published, but the conclusion can now be drawn that the normal course of rearrangement 
during semi-pinacolinic deamination involves the migration of the phenyl group in prefer- 
ence to the more negative aromatic radicals, 7.e., type (B). As the results of these 
rearrangements are the reverse of those obtained from dehydration experiments it seems 
possible that there is either a greater difference between the mechanisms of semi-pinacolinic 
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dehydration and semi-pinacolinic deamination than has usually been assumed, or that the 
presence of the amino-group is the ultimate cause of the altered tendencies of the aromatic 
groupings to migrate during deamination. 

Migita (Bull. Chem. Soc. Japan, 1928, 3, 308) presents an electronic interpretation of 
the mechanism of the deamination of amino-alcohols, and quotes the migration of the 
more negative aromatic group (R = H, R’ = «-naphthyl) as the normal reaction, whilst 
attributing the migration of the phenyl group (R= Ph, R’ = «-naphthyl) to steric 
influences. Although the importance of steric influences cannot be overlooked, the 
evidence collected in the present paper and in Part I now shows that the migration of 
the more negative aromatic radical is the abnormal reaction, and that this electronic 
conception cannot be applied to the deamination of amino-alcohols. Nor can support be 
found in the literature for Migita’s assumption that a glycol is an intermediate stage of 
such deaminations. The reaction of semi-pinacolinic deamination was originally dis- 
covered by McKenzie and Richardson (loc. cit.) in an endeavour to convert f-amino- 
a«8-triphenylethyl alcohol into triphenylethylene glycol by means of nitrous acid. It 
was found that the reaction product was phenyldeoxybenzoin and no trace of triphenyl- 
ethylene glycol could ever be isolated, although the conditions of the reactions were such 
as to prevent the dehydration of any glycol formed. Several instances of the conversion 
of «-amino-alcohols into glycols have since been recorded (McKenzie and Roger, J., 1927, 
571), but these glycols have been formed by a different mechanism and have not 
subsequently given rise to ketones. 

8-Amino-a-phenyl-«-methyl- and a alcohols have also been prepared 
from «-aminopropiophenone hydrochloride and subjected to deamination by nitrous acid. 
In each case the phenyl group migrated in preference to the methyl or benzyl group, and 
a-phenylethyl methyl and benzyl ketones were identified as the products of the respective 
reactions : 


h H CH 
SOK Ja R'CO-CH F 
H Ph 


H NH, 
(R’ = CH, or C,H,°CH,.) 


These results correspond with the conclusions derived from the dehydration of glycols and 
pinacones (Tiffeneau and Lévy, Joc. cit.), that an aromatic grouping always migrates in 
preference to an aliphatic grouping, and are also in uniformity with the results of previous 
deaminations (R = Ph, R’ = CH, McKenzie and Richardson; McKenzie and Mills, 
locc. cit.: RR’ =C,H;, McKenzie and Roger, Joc. cit.: R= R’ = C,H;°CHg,, Mills, 
loc. cit.). Although the forces acting on migrating groups during dehydration and 
deamination rearrangements may vary sufficiently to cause the migration of different 
aromatic radicals, no such alteration of the forces effecting the migration can produce any 
other result than the migration of the aromatic grouping, where both an aromatic and an 
aliphatic grouping are in a position to migrate. 


EXPERIMENTAL. 


a-Aminopropiophenone hydrochloride was prepared by catalytic reduction in hydrogen 
(Hartung, J. Amer. Chem. Soc., 1931, 58, 2248) of isonitrosopropiophenone (Hartung and 
Munch, ibid., 1929, 51, 2264), the m. p. of which was 113—114° (cf. Beilstein), whereas Hartung 
and Munch quote 106—106-5°. 15 G. of isonitrosopropiophenone were dissolved in 300 c.c. of 
absolute alcohol containing hydrochloric acid (3 mols.) and shaken with 7 g. of palladium 
charcoal (8% Pd) in an atmosphere of hydrogen. After 145 mins., the required 4125 c.c. of 
hydrogen had hae absorbed. The catalyst was filtered off, and the solution evaporated almost 
to dryness in a vacuum. Ether was added, and the precipitated «-aminopropiophenone 
hydrochloride filtered off, washed well with ether and hot benzene, and crystallised from 
alcoholand ether. 15 G. of pure amino-ketone hydrochloride were obtained. 

8-A mino-a-phenyl-a-l-naphthyl-n-propyl Alcohol.—6-0 G. of the foregoing hydrochloride 
were added to the Grignard reagent prepared from a-naphthyl bromide (33-5 g.), and the 
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mixture heated for 3 hours on a water-bath; it was then decomposed by ice and dilute hydro- 
chloric acid, and after some time a white solid separated. .This was filtered off, washed with 
ether, and dissolved in alcohol. Aqueous ammonia was added, and the precipitated white solid 
collected and crystallised from aqueous alcohol. 4-5 G. of pure B-amino-a-phenyl-a-1-naphthy/- 
n-propyl alcohol crystallised from alcohol as fine needles, m. p. 160° (Found: C, 82-0; H, 7-0. 
C,,H,,ON requires C, 82-3; H, 6-9%); hydrochloride, m. p. 253—254° (decomp.). 

Deamination. 6 G. of the amino-alcohol were dissolved in dilute acetic acid (150 c.c.) and 
a solution of sodium nitrite (4-4 g.) slowly added at 0°. A yellow oil separated, which was ex- 
tracted with ether, and distilled ina vacuum. 4G. of an extremely viscous yellow oil distilled 
at 190—192°/2—3 mm.; it eventually solidified, and crystallised from light petroleum (b. p. 
50—70°) in rectangular prisms, m. p. 49-5—50-5°, undepressed when admixed with a-phenyl- 
ethyl a-naphthyl ketone synthesised as under. Its oxime, m. p. 160-5—161-5°, was similarly 
identified with that of the synthesised material. 

a-Phenylethyl a-naphthyl ketone. Sodium (1 mol.) dissolved in 20 c.c. of absolute alcohol 
was refluxed on a water-bath for 5 mins. with benzyl «-naphthy] ketone (5-0 g.) (Luce, Joc. cit.). 
Methyl iodide (1 mol.) was then added, and the mixture refluxed for 2} hours, then poured into 
water and extracted with ether. On evaporation of the ether, an oily solid was obtained 
which contained much unchanged ketone. The oil was extracted with light petroleum 
(b. p. 50—70°), and the extract evaporated, and distilled in a vacuum; 3-5 g. of a-phenylethyl 
a-naphihyl ketone were obtained, m. p. 49-5—50-5° (Found: C, 87-4; H, 63. C,,H,,O 
requires C, 87-7; H, 6-2%). Oxime, m. p. 160-5—161-5°. 

B-A mino-a-phenyl-a-benzyl-n-propyl Alcohol.—8 G. of a-aminopropiophenone hydrochloride 
were added to the Grignard reagent from benzyl chloride (6 mols.) and heated for 2 hours on a 
water-bath. After the same procedure as above, the white solid was crystallised from benzene 
to which a few drops of alcohol had been added, 8-5 g. of B-amino-a-phenyl-a-benzyl-n-propy] 
alcohol hydrochloride being obtained as rectangular prisms, m. p. 235—236°. The alcohol 
was precipitated as a white solid when an aqueous solution of the hydrochloride was made 
alkaline with ammonia; it crystallised from aqueous alcohol in rectangular prisms, m. p. 
69-5° (Found: C, 79-4; H, 8-0. C,,H,,ON requires C, 79-6; H, 7-9%). 

Deamination. 6 G. of the amino-alcohol were deaminated as before (100 c.c. dilute acetic 
acid; 4-5 g. sodium nitrite). The ethereal extract was washed with sodium carbonate solution, 
then with water, the ether evaporated off, and the resulting oil was distilled, b. p. 175°/12—13 
mm. 4 G. of a-phenylethyl benzyl ketone were thus obtained; it formed an oxime, m. p. 
83—84°. The ketone is described by Lévy and Jullien (Bull. Soc. chim., 1929, 45, 946) as an 
oil, b. p. 205—206°/40 mm., forming an oxime, m. p. 82—83°. 

B-A mino-a-phenyl-a-methyl-n-propyl Alcohol.—9 G. of «-aminopropiophenone hydrochloride 
and the Grignard reagent from methyl iodide (6 mols.) were caused to react, and the product 
was worked up, as before, crystallisation being as in the last case. 5-5 G. of pure B-amino-a- 
phenyl-a-methyl-n-propyl alcohol hydrochloride were obtained in shiny plates, m. p. 244° (Found : 
C, 59-4; H, 7-8. CyH,gONCI requires C, 59-5; H, 8-0%). The hydrochloride was dissolved 
in water, aqueous ammonia added, and the precipitated oil extracted with ether. The alcohol 
was obtained from the extract as an oil, which eventually crystallised in the form of needles 
from ligroin to which a few drops of alcoho] had been added, m. p. 82—83°. 

Deamination. 5 G. of the amino-alcohol hydrochloride were deaminated by sodium nitrite 
(3 mols.) as before; 3-1 g. of a colourless oil were obtained, b. p. 94—96°/12—13 mm., which 
formed a semicarbazone, m. p. 172—173°. a-Phenylethyl methyl] ketone has b. p. 106—107°/17 
mm., semicarbazone, m. p. 172° (Lévy, Bull. Soc. chim., 1921, 29, 825). The ketone was also 
synthesised by the action of sodium ethoxide and methyl iodide on benzyl methyl] ketone, 
and the resulting semicarbazone showed no depression of m. p. when mixed with the semi- 
carbazone of the deamination product. 


We thank the Chemical Society for a grant, and one of us (J. G.) is indebted to the University 
of Aberdeen for a Robbie Scholarship. 
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342. Styrylpyrylium Salis. Part XVI. The Conversion of Cowmarins 
into isospiroPyrans. 


By I. M. HerLsron and G. F. Howarp. 


In a previous paper (cf. Heilbron, Heslop, and Howard, J., 1933, 1263; Heilbron, Heslop, 
and Irving, ibid., p. 430) a brief description was given of the preparation of 2-phenyl- 
3-methylbenzo-$-naphtha/sospiropyran from 3 : 4-dimethylcoumarin. 


Me 
\Me 
IPE (II.) 


The isospiropyrans derived from the substituted 4-methylcoumarins exhibit in an 
enhanced degree the colour phenomena associated with the sfivopyran series having the 3’- 
position unsubstituted (Dickinson and Heilbron, J., 1927, 1699). This behaviour is excep- 
tionally pronounced in the case of 7-methoxy-2 : 3-diphenylbenzo-8-naphthaisospiropyran (I), 
a benzene solution of which exhibits a pale magenta colour even below0°. Furthermore, the 
salt-forming capacity, as demonstrated by the ease of colour development on the addition 
of glacial acetic acid to an ethereal solution of the isospiropyran, is considerably greater 
in this series than with the corresponding members of the spzvopyran group. 

In every case the 3:4-disubstituted coumarins, on treatment with the Grignard 
reagent, either hot or cold, gave the corresponding 2-phenylbenzopyrylium chlorides in 
high yield (60—80%), and thus resemble the 3-substituted coumarins (cf. Heilbron, Hill, 
and Walls, J., 1931, 1701). On the other hand, 7-methoxy-4-methylcoumarin behaves 
similarly to 4-methyl- and 4-phenyl-coumarin, giving mainly the corresponding 
A’-chromene. 

EXPERIMENTAL. 


7-Methoxy-2-phenyl-4-methylbenzopyrylium Chloride.—A solution of phenylmagnesium brom- 
ide (prepared from bromobenzene, 12-5 g., in dry ether, 200 c.c.) was slowly added (1 hour) at 
room temperature to a solution of 7-methoxy-4-methylcoumarin (5 g.), and after 12 hours the 
reaction mixture was decomposed with concentrated hydrochloric acid (30 c.c.) and the acid 
and solvent layers were separated. The pyrylium chloride was obtained by neutralising the 
acid layer with dilute aqueous ammonia in the presence of ether, followed by reprecipitation 
from the washed and dried ethereal solution with dry hydrogen chloride (yield, 0-7 g.). 
1-Methoxy-2 : 2-diphenyl-4-methyl-A®-chromene was obtained on evaporation of the ether— 
benzene layer as a thick oil, which crystallised from ether—methyl alcohol in hard colourless 
prisms, m. p. 90—91° (yield, 80%) (Found: C, 84-1; H, 6-2. C,;H,.O, requires C, 84-1; 
H, 6-1%). 

7-Methoxy-2-phenyl-3-methylbenzo-B-naphthaisospiropyvan.—A solution of 7-methoxy-2- 
phenyl-3 : 4-dimethylbenzopyrylium chloride (3-4 g.) (Heilbron and Zaki, J., 1926, 1902) and 
2-naphthol-l-aldehyde (2-2 g.) in absolute alcohol (32 c.c.) was saturated with hydrogen chloride 
and left over-night at 0°. The resultant naphthavinylpyrylium salt, which separated in 
purplish-red needles, was recrystallised from alcohol and hydrolysed by shaking with aqueous 
ammoniacal ether. The isospiropyran, obtained by evaporation of the dried ethereal extract, 
separated from acetone in prisms, m. p. 166—167° (to a purple liquid). Its solutions in benzene 
and xylene are colourless in the cold but become magenta on warming; it dissolves in warm 
ethereal acetic acid to yield a blue solution (Found: C, 83-0; H, 5-3. C,9H,.O, requires C, 
83-2; H, 5-3%). 

7-Methoxy-2 : 2-diphenyl-3 : 4-dimethyl-A3-chromene (II), obtained by treating 7-methoxy- 
3: 4-dimethylcoumarin in the hot with a large excess of the Grignard reagent (4 mols.), 
crystallised from ethyl alcohol in needles, m. p. 162—163° (Found : C, 84-1; H, 6-4. C,,H,,O, 
requires C, 84-2; H, 6-4%). 

6-Methoxy-3 : 4-dimethylcoumarin.—6-Hydroxy-3 : 4-dimethylcoumarin (Robertson, Sand- 
tock, and Hendry, J., 1931, 2430) was methylated in acetone solution by heating under reflux 
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with methyl iodide and anhydrous potassium carbonate. 6-Methoxy-3 : 4-dimethylcoumarin 
separated from methyl] alcohol in needles, m. p. 177—178° (Found : C, 70-0; H, 5-9. C,,H,,0, 
requires C, 70-5; H, 5-9%). This compound was also obtained in poor yield by directly 
condensing quinol monomethy] ether with a-methylacetoacetic ester. 

6-Methoxy-2-phenyl-3 : 4-dimethylbenzopyrylium chloride (light brown, non-hygroscopic 
crystals) was prepared in a yield of 80% when the foregoing coumarin (1 mol.) was treated at 
the ordinary temperature with phenylmagnesium bromide (2 mols.). The ferrichloride, pre- 
pared in the usual manner, crystallised from glacial acetic acid in brown plates, m. p. 80° 
(decomp.) (Found: C, 46-6; H, 3-7. C,,sH,,0,Cl,Fe requires C, 46-7; H, 3-6%). 

6-Methoxy-2-phenyl-3-methylbenzo-B-naphthaisospiropyran was prepared by condensing 6- 
methoxy-2-phenyl-3 : 4-dimethylbenzopyrylium chloride (3 g.) with 2-naphthol-l-aldehyde 
(2 g.). It crystallised from benzene-ligroin in needles, m. p. 168—169° (Found: C, 83-2; H, 
5-5. Cy9H,,0, requires C, 83-2; H, 5-3%). 

7-Methoxy-2 : 3-diphenylbenzo-B-naphthaisospiropyran.—7-Methoxy -3-phenyl-4-methylcou- 
marin was prepared by methylating the corresponding hydroxycoumarin either with methy] 
iodide and potassium carbonate or with methyl sulphate and alkali. It melts at 106—107°, 
and not at 87° as recorded by Jacobson and Ghosh (J., 1915, 107, 1051). Bargellini (Adti R. 
Accad, Lincei, 1925, 2, 180), who prepared this compound from resacetophenone and phenyl- 
acetic anhydride, gives m. p. 102° (Found: C, 76-6; H, 5-3. Calc. for C,,H,,0,;: C, 76-7; 
H, 5:1%). For further characterisation the ether has also been prepared from resorcinol 
monomethyl ether and «-phenylpropionitrile, and has m. p. 105° alone or admixed. 

7-Methoxy-2 : 3-diphenyl-4-methylbenzopyrylium chloride, prepared in the usual manner 
(yield, 70%), condensed readily with 2-naphthoi-l-aldehyde to yield 7-methoxy-2 : 3-dipheny]- 
4-(8-2’-hydroxy-1l’-naphthavinyl)benzopyrylium chloride, which formed deep purple, perman- 
ganate-like crystals. The ferrichloride crystallised from glacial acetic acid in red plates with a 
pronounced green reflex (Found : C, 60-2; H, 3-6. C3,H,,;0,Cl,Fe requires C, 60-1; H, 3-7%). 

The naphthavinylpyrylium chloride yielded on hydrolysis a hydrate of the isospiropyran, 
which crystallised from acetone—-methyl alcohol in colourless needles, m. p. 126—127° 
(Found: C, 83-2; H, 5-5. C,,H,,0;,H,O requires C, 83-8; H, 5-2%); the water-free 
compound was obtained on crystallisation of the hydrated compound from benzene-ligroin, 
from which it separated in needles, m. p. 173° (to a purple liquid) (Found: C, 84-8; H, 5:3. 
C,,H,,0, requires C, 85-0; H, 5-0%). An ethereal solution of this isospiropyran gives an 
instantaneous deep blue colour on addition of a drop of glacial acetic acid. 

7-Methoxy-3 : 4-diphenylcoumarin, prepared by methylating the corresponding hydroxy- 
coumarin (Ghosh, J., 1916, 109, 105) with methyl sulphate and alkali, crystallised from 
dilute alcohol (charcoal) in flat needles, m. p. 168° (Found: C, 80-0; H, 4:9. C,.H,,0; 
requires C, 80-5; H, 4-9%). On treatment with phenylmagnesium bromide it yielded 7-meth- 
oxy-2 : 3: 4-triphenylbenzopyrylium chloride (60% yield), the ferrichloride of which formed 
golden-brown plates, m. p. 140—142° (decomp.) (Found: C, 57-2; H, 3-7. C,,H,,0,Cl,Fe 
requires C, 57-2; H, 3-6%). 


THE UNIVERSITY, LIVERPOOL. [Received, August 4th, 1934.) 








343. The Chemistry of the Alge. Part I. The Algal Sterol Fucosterol. 
By I. Hemsron, R. F. PHIPpers, and H. R. WriGur. 


ALTHOUGH innumerable investigations have been carried out on the alge, no complete 
systematic chemical survey of this group has so far been made. Work in this field has 
been confined largely to a study of (a) the polysaccharides and certain rather ill-defined 
but probably related substances, e.g., fucosan, phycophain, laminarin, alginic acid, fucin, 
fucoidin (Kylin, Z. physiol. Chem., 1911, 74, 105; 1912, 76, 396; 1913, 88, 171; 1915, 
94, 337; Ber. deut. bot. Ges., 1918, 36,1. See also Leroux, Rev. gén. Sci. pures appliquées, 
1926, 37, 471, Bibl.), (b) the pigments (Kylin, Joc. cit.; Z. physiol. Chem., 1927, 166, 39; 
Willstatter and Page, Annalen, 1914, 404, 237; Lemberg, Annalen, 1928, 461, 46; 1930, 
477, 195; 1933, 505, 151), and (c) in a lesser degree, the fatty constituents of certain 
species (Haas and Hill, Ann. Bot., 1933, 47, 55; Takahashi, Shirahama, and Tase, /. 
Chem. Soc. Japan, 1933, 54, 619). 
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It is our intention to investigate the alge in detail and in the present paper the results 
of an examination of the non-saponifiable material of Fugus vesiculosus (the bladder 
wrack), a member of the Pheophycee or brown alge, will be discussed. 

The dried and powdered alga was extracted in the cold with 95% alcohol and further 
resolved as in the annexed scheme. 


Fucus vesiculosus. 
Extracted with alcohol. 





Filtrate, partitioned Residual meal, 
with light petroleum. extracted with ether. 
| 





7 Y Y RHE, 
Extract A. Alcoholic phase Extract B. Residual meal. 
diluted with water 
and ether-extracted. 





Extract C. Aqueous phase, 
extracted with 
ethyl acetate. 

| 





Extract D. Aqueous filtrate, Pectin A. 
allowed to stand. 





Y 
Pectin B. Filtrate. 


Extract A. This fraction, which contains all the chlorophyll and a portion of the 
carotenoid pigments, was concentrated and saponified. Crystallisation of the unsaponifi- 
able matter from methyl alcohol furnished a sterol, m. p. 124°, for which we have suggested 
the name fucosterol (Heilbron, Phipers, and Wright, Nature, 1934, 188, 419). The final 
mother-liquors of this fraction deposited on concentration a waxy solid, m. p. 67°, identical 
with hentriacontane, a common constituent of the higher plants (Kuhn and Grundmann, 
Ber., 1932, 65, 898; Collison and Smedley-Maclean, Biochem. J., 1931, 25, 606) but not 
hitherto recorded in the alge. After its removal a powerful-smelling thick oil was left which 
distilled in steam, giving a pale yellow, mobile liquid which solidified in the ice-chest. 
This portion, which is almost certainly a mixture of terpenes, has been resolved by vacuum 
distillation into three main fractions which await detailed investigation. 

To determine whether the sterol exists in the free state or combined as a wax, a small 
portion of the extract A, after the removal of solvent, was treated with warm alcohol. 
The resultant deep green solution was separated from a tarry residue and deposited 
fucosterol on cooling. 

Extract B. This portion, which contains the bulk of the true fat, was saponified as 
above, and yielded a further and approximately equal quantity of fucosterol, together 
with a larger amount of hentriacontane and traces of the odoriferous constituents. In 
addition to the above substances, various lipoid pigments have been isolated (notably 
zeaxanthin) and will be dealt with in a forthcoming publication. In contrast to the 
previous extract, no free sterol could be isolated from this fraction. 

Freshly gathered Fucus vesiculosus has also been examined and has yielded the above- 
mentioned constituents. 

Fucosterol.—Like the majority of the sterol group, the algal sterol forms an alcohol- 
insoluble digitonide, m. p. 223—225°. The only recorded sterols melting in the region of 
124° are spongosterol (Henze, Z. physiol. Chem., 1903, 41, 109; 1908, 55, 427) and micro- 
cionasterol (Bergmann and Johnson, ibid., 1933, 222, 220). When, however, the rotation 
and the melting points of the esters of. these three sterols are compared (see table, p. 1574), 
the entity of fucosterol is definitely established. 
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M. p. of 
Sterol. . M. p. [a]p. Acetate. Propionate. Benzoate. 
RE a ncsinkenssnckidadakasianiede 124° —38°42° 119° 105—106° 120° 
Spaa*essesel ...ccceccrcccesccccecoccees 124 —19°59 124 135—136 128 


— 19°76 125—126 128 143 





I xevecececcvcsussianenees 126—127 


The presence of two ethenoid linkages is clearly demonstrated by (a) the preparation 
of fucosteryl acetate tetrabromide, m.p. 133°, (b) perbenzoic acid titrations, and (c) the 
formation of a tetrahydro-derivative (fucostanol), m. p. 130—131°. The diethenoid 
character of fucosterol further distinguishes it from either spongosterol or microciona- 
sterol, the former of which is saturated and the latter contains only one double bond. 
Analysis of the above-mentioned esters leads to a formula C.9H,,0 or CygH;99O. Fuco- 
stanol yields an acetate, m. p. 127—129°, and is oxidised to a ketone, m. p. 153—155° 
(oxime, m. p. 211—213°); these compounds, as shown below, present a striking parallel 
to the results obtained by Windaus and Brunken (Z. physiol. Chem., 1924, 140, 47) for 
the corresponding derivatives from stigmastanol. 





Fucosterol derivative. M. p. Stigmasterol derivative. M. p. 
Fucostanol ..cccccccssccsccsecsccccvccses 130—131° Stigmastanol ..02.....cccecccssescosecee 134° 
Fucostany] acetate............sseeeeeee 127—129 Stigmastanyl acetate ............... 128 
PUCOSTRMIOMS  cccsececiccccrcsssessecsass 153—155 Stigmastanone .......c..ceeceeeeeeeees 155°5 
Fucostanone Oxime ............02000+ 211—213 Stigmastanone oxime ............... 215—216 


That the fully saturated algal sterol is actually identical with stigmastanol has been 
demonstrated by mixed melting points of the two sterols and their acetates, no depressions 
being observed. 

Fucosterol must thus have the formula CygH,,O/, and is consequently isomeric with 
stigmasterol (Windaus and Hauth, Ber., 1906, 39, 4378); the latter has the structural 

CH, ye (?) freee meer — 

J : , 215), but fucosterol contains both 

no YH*CH:CH-CH(C,H;)-CH(CHg)2 its eae bonds in the nucleus, for 

treatment with ozone fails to give 





CHs ethylisopropylacetaldehyde (Guiteras, 

(L,) Z. physiol. Chem., 1933, 214, 89). 

HO * Although the exact positions of the 
WY ethenoid linkages have not so far been 


elucidated, the fact that fucosterol is not reduced by sodium and ethyl alcohol and does 
not react with maleic anhydride provides evidence of the absence of a conjugated system. 
Further, the ease with which it is hydrogenated to fucostanol indicates the absence of the 
‘inert’ double bond characteristic of ergosterol (Heilbron, Simpson, and Spring, J., 
1933, 626). 

A preliminary examination has been made of another member of the Pheophycee, 
namely, Pelvetia canaliculata, and the presence of fucosterol again demonstrated (E. G. 
Parry, unpublished work). On the other hand, we have found that the green fresh- 
water alga, Nitella opaca Agh, which approximates most closely to the land plants, con- 
tains both fucosterol and sitosterol (forthcoming publication). It would thus appear 
that the former is the characteristic sterol of the alge, just as cholesterol is the common 
sterol of the animal kingdom, and sitosterol of the phanerogams. 

Bergmann (J. Biol. Chem., 1934, 104, 317, 553) has recently isolated from oysters and 
other bivalves. a sterol, ostreasterol, which also is isomeric with stigmasterol but on 
hydrogenation yields sitostanol. Dealing with the biological aspect, he states that “it 
seems possible that certain molluscs are unable to synthesise cholesterol but that they use 
directly or in dehydrogenated form the phytosterols of their food, which consists mainly of 
alge or diatoms.” In this connection the fact that ostreasterol is isomeric with fucosterol 
is highly significant. 

EXPERIMENTAL. 


Dried, powdered Fucus vesiculosus, collected during the summer months from the north 
coast of Scotland, was shaken (1500 g.) with ethyl alcohol (2000 c.c. of 95%) for 18 hours at 
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room temperature. After filtration the olive-green alcoholic solution was diluted with water 
(500 c.c.) and extracted with light petroleum (b. p. 40—60°). The light petroleum extract 
was concentrated to 150 c.c. under a stream of nitrogen, giving extract A. Similarly the 
alcoholic solution was concentrated to 1500 c.c. and diluted with water (3000 c.c.), and the 
whole ether-extracted. The ethereal layer was repeatedly washed with water (there are 
substances of high molecular weight present which, though insoluble in ether itself, are soluble 
to a great extent in alcohol containing ether), dried, and concentrated under nitrogen, yielding 
extract C. The remaining aqueous layer was extracted with ethyl acetate, giving extract D. 
During this operation large amounts of a pectin-like substance separated (pectin A), and the 
filtrate on long standing (6 weeks) deposited a second substance (pectin B). The residual 
meal was shaken with ether (2500 c.c.) for 12 hours at room temperature, and the greenish-red 
solution concentrated to 1500 c.c. (extract B). In this way a total of 340 kg. of the alga was 
extracted. We have at present confined ourselves to an examination of extracts A and B, 
but it is our intention to examine the other products as time permits. 

Fucosterol.—Extracts A and B were each saponified with an equal volume of 10% methyl- 
alcoholic potash at 40° for 3 hours. The solution was cooled under nitrogen and poured into 
water, and the whole thoroughly extracted with ether. After removal of solvent from the 
dried solution, the residue was dissolved in methyl alcohol, and the fucosterol recrystallised 
from methyl] alcohol, forming inch-long feathery needles, m. p. 124°, b. p. 220—230°/0-2 mm., 
[a]? —38-42° (c = 5in chloroform). It gave a red acid layer in the Salkowski test, a violet- 
purple colour in the Liebermann—Burchard reaction, but was negative to the Tortelli—Jaffe 
reagent. A slight purplish colour was developed with antimony trichloride in chloroform 
during 12 hours. The total yield was 0-2% of the dry weight of sea-weed. Analytical figures 
indicate the presence of two molecules of water of crystallisation, which, however, cannot be 
completely removed without affecting the sterol itself. 

Fucosteryl acetate. Fucosterol (1 g.) in pyridine (4 c.c.) was heated on a steam-bath for 1 
hour with acetic anhydride (2-5 c.c.). Methyl alcohol (40 c.c.) was added to the cooled 
solution, which was boiled for 2 minutes. The deposited acetate was recrystallised from 
methyl alcohol-ethy] acetate, giving plates, m. p. 118—119°, [a]? —43-8° (c=5 in chloroform). 
Hydrolysis of the acetate furnished unchanged sterol (Found: C, 81-8; H, 10-9; M, 461,470. 
C3,H5,O, requires C, 81-9; H, 110%; M, 454). 

Fucosteryl propionate, prepared as above, crystallised from ether—methyl alcohol in shining 
lamine, m.p. 105—106° (Found : C, 82-2; H, 11-1. C,,H;,O, requires C, 82-1; H, 11-1%). 

Fucosteryl benzoate crystallised from methyl alcohol-ethyl acetate in pearly plates, m. p. 
120°. The benzoate, unlike that of cholesterol, does not melt to an anisotropic liquid (Found : 
C, 83-6; H, 10-0. C;,H,,O, requires C, 83-7; H, 10-1%). 

Perbenzoic acid titrations. After 24 hours, 0-4244 g. of fucosterol absorbed the equivalent 
of 3-14 mg. of oxygen, corresponding to 1-97 double bonds, and after 48 hours, 0-5072 g. 
absorbed 3-72 mg., corresponding to 1-95 double bonds, 

Bromine titration. Fucosterol (1 g.) in dry chloroform (15 c.c.) was treated with a solution 
of bromine (3 g.) in chloroform (20 c.c.) at 0° until a permanent colour was obtained (bromine 
absorbed = 0-825 g. C,,H,,O/> requires 0-725 g.). The tetrabromide thus obtained, m. p. 
106—110°, was very unstable, darkening rapidly in air and decomposing on attempted 
recrystallisation even from cold solvents. 

Fucosteryl acetate tetrabromide. Fucosteryl acetate (1 g.) in ether (10 c.c.) was treated with 
a 5% solution of bromine in glacial acetic acid (22 c.c.). The reaction mixture was kept 
over-night at 0°; a white granular powder was then deposited, m. p. 133° (decomp.), which 
was repeatedly washed with methyl alcohol. This compound is likewise unstable and cannot 
be recrystallised (Found : Br, 40-6. C,,H,;,0,Br, requires Br, 41-3%). 

Fucostanol (Stigmastanol).—A solution of fucosterol (0-5192 g.) in glacial acetic acid (15 c.c.) 
and ethyl acetate (45 c.c.) was hydrogenated with Adams’s platinum oxide for 12 hours (H, 
absorbed = 54-2 c.c. C,,H;,O requires 56-5 c.c.). After removal of solvents under reduced 
pressure and precipitation with water, the product was recrystallised from methyl alcohol, 
giving needles, m. p. 130—131° (mixed with stigmastanol, m. p. 134°, it melts at 131—133°), 
[a]° + 12-75° (c = 4-75 in chloroform) (Found: C, 83-5; H, 12-3. Calc. for C,H,;,0: C, 
83-7; H, 12-5%). The acetate (stigmastanyl acetate) crystallised from methyl alcohol in 
plates, m. p. 127—129° (admixture with stigmastany] acetate, m. p. 128°, gives m. p. 127—129°), 
[x] + 14-6° (c = 4-55 in chloroform). 

Fucostanone (Stigmastanone).—A solution of fucostanol (3-5 g.) in glacial acetic acid (650 
C.c.) was oxidised at room temperature with a solution of chromic anhydride (1-5 g.) in glacial 
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acetic acid (70 c.c.) and water (5 c.c.) during 9 hours, the whole being mechanically stirred. 
The reaction mixture was precipitated with water, and the crude ketone recrystallised from 
methyl alcohol, from which fucostanone separated in needles, m. p. 153—155°. The oxime, 
prepared in the usual manner, crystallised from methyl alcohol in micro-needles, m. p. 
211—213°. 

Isolation of Hentriacontane.—After the removal of fucosterol the mother-liquors were 
further concentrated, a greasy semi-solid mass being obtained. Repeated crystallisation from 
methyl alcohol—ethy] acetate resolved this into a more soluble fraction, m. p. 120—122°, which 
was shown to be fucosterol, and a less soluble portion, m. p. 63—66°, which was recrystallised 
from ethyl acetate, giving the hydrocarbon in small plates, m. p. 67° (Collison and Maclean, 
loc. cit., give m. p. 68—68-5°) (Found: C, 85-2; H, 14-5. Calc. for C;,H,g,: C, 85-3; H, 
14-7%). 
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344. Studies in the Sterol Group. Part XIX. Observations on the 
Constitution of Ergosterol. 


By J. L. Dunn, I. M. HerBron, R. F. Parpers, K. M. SAMANT, and F. S. SPRING. 


ROSENHEIM and Kine (J. Soc. Chem. Ind., 1934, 58, 196) and Windaus, Inhoffen, and 
Reichel (Annalen, 1934, 510, 248) have respectively suggested the formule (I) and (II) 
for ergosterol, which differ from one another solely in the location of the hydroxyl group. 












(R= C,H;,) 


In support of (I) the former authors claim that it accords best with the absorption spectrum, 
unimolecular-film measurements, and X-ray analysis, and also with the experimental 
evidence advanced by Heilbron, Samant, and Simpson (J., 1933, 1410), who demonstrated 
that the chloroadlonorcholanic acid derived from ergosterol is different from that obtained 
from cholesterol. In view of its importance we have repeated and confirmed the latter 
observation, which, however, as already pointed out by Heilbron, Samant, and Simpson 
(loc. cit.) (compare also Windaus, Inhoffen, and Reichel, Joc. cit.), does not necessarily 
preclude attachment of the hydroxyl group to Cg, as the two acids may be stereoisomerides. 
In the hope of gaining further information on this point, we have attempted to convert 
methoxycholestane and methoxyergostane into the corresponding methoxyallonorcholanic 
acids. Unfortunately, oxidation of methoxycholestane simply occasioned rupture of ring 
A with the production of the dicarboxylic acid, C,,H,,0,, m. p. 195°, obtained by Windaus 
and Uibrig (Ber., 1914, 47, 2384) from $-cholestanol. We have also attempted to locate 
the position of the hydroxyl group by conversion of ergostanol into methyl ergostanyl- 
xanthate, from which on distillation an ergostene, m. p. 86—87°, was obtained. On the 
assumption that the hydroxyl group is attached to C, it is reasonable to anticipate that the 
introduced ethylene linkage would be situated between C, and C,, and that oxidation would 
give a 5-keto-4-carboxylic acid, C,gH,,0,. Actually, however, a dicarboxylic acid, 
CygH,,0,, m. p. 218—219°, identical with that described by Reindel (Annalen, 1928, 466, 



























Studies in the Sterol Group. Part XIX. 1577 


131) was isolated. This result, while not wholly precluding the possibility of hydroxyl 
being on C,, nevertheless favours its union to C3. 

If formula (I) correctly represents the constitution of ergosterol, then the ergostadiene- 
triol monobenzoate (triol II) formed by addition of perbenzoic acid to the C;—C, ethylene 
linkage (Windaus and Liittringhaus, Annalen, 1930, 481, 119) must contain vicinal hydroxyl 
groups and consequently will react with lead tetra-acetate causing fission of ring A (Criegee, 
Ber., 1932, 65, 1770). That no such oxidation occurs was first demonstrated by Heilbron, 
Morrison, and Simpson (J., 1933, 302); a repetition of this work shows that the triol 
monobenzoate is unchanged after fourteen days’ treatment at room temperature. Further, 
Windaus, Inhoffen, and Reichel (loc. cit.) oxidised ergostanetriol with lead tetra-acetate 
and found that only one atom of oxygen was absorbed. Again, it is impossible to interpret 
the formation of dehydroergosterol by loss of water from a 4: 5: 6-trihydroxy-system. 
These results definitely exclude the possibility of ergostanetriol and ergostadienetriol 
possessing the 4:5: 6-triol group demanded by formula (I), and prove that ergosterol 


cannot contain the system *CH(OH)*C:CH-. They further demonstrate that deductions 
made from ultra-violet absorption data (Lowry, J. Soc. Chem. Ind., 1933, 52, 10) in such 
complex molecules as the sterols must be applied with reserve (compare Morton and de 
Gouveia, this vol., p. 916). 

The major point of evidence which has led Windaus, Inhoffen, and Reichel (oc. cit.) 
to suggest constitution (II) for ergosterol is the close analogy observed in the reactions of 
cholestane-3 : 6-dione and ergostanedione. During the past year we have approached the 
structural problem from a closely similar angle, but have found, in contrast to the above 
observations, that a very marked difference in behaviour exists between cholestane-3 : 5 : 6- 
triol and ergostanetriol. Whereas Westphalen (Ber., 1915, 48, 1064) has shown that the 
diacetate of the former on treatment with acetic anhydride and sulphuric acid is readily 
dehydrated to cholestene-3 : 6-diol diacetate, similar treatment of ergostanetriol diacetate 
fails to bring about dehydration. Furthermore, prolonged treatment of this diacetate 
with phosphoric oxide is without effect. In view of this result we were led to re-examine 
the two isomeric ergostadienetriols derived from ergosterol, viz., triol II formed by hydrolysis 
of its monobenzoate referred to above, and triol I prepared by the reduction of ergosterol 
peroxide (Windaus and Linsert, Annalen, 1928, 465, 148). Whereas the former distils 
unchanged in a high vacuum, similar treatment of the latter yields dehydroergosterol with 


Ergosterol 


. i. 


Ergostadienetriol II <— _ Ergostadienetriol I 


A Se pi 


a-Ergostenetriol Ergostadienedionol Ergostenediol Dehydroergosterol 


a - KOH 


8-Ergostenetriol Ergostatrienedione ? 


[¥ 


Ergostanetriol 


I? 


Ergostanedionol <io” Ergostenedione —-* Ergostanedione 


in 


Ergostene 





1578 Dunn, Heilbron, Phipers, Samant, and Spring : 


loss of two molecules of water. We have now ascertained that this dehydration is effected 
simply by treatment of triol I with acetic anhydride and that even repeated crystallisation 
in the presence of acetic acid gives dehydroergosterol. The ease of dehydration of triol I 
is further exemplified by hydrogenation of the compound, when, in place of the anticipated 
ergostenetriol, an ergostenediol is actually obtained (Windaus, Bergmann, and Liittring- 
haus, Annalen, 1929, 472, 195). That the two triols are actually stereo- and not position- 
isomerides has been demonstrated by Achtermann (Z. physiol. Chem., 1933, 217, 281) by 
direct conversion of triol I into triol IT. We have confirmed the deductions of this author 
by oxidising triol I to an ergostadienedionol identical with that previously obtained by 
Heilbron, Morrison, and Simpson (loc. cit.) from triol II. Prolonged oxidation of triol I 
gives on the other hand a compound, m. p. 204—205°, analysis of which indicates the formula 
CygH4O,. Ergostadienedionol reacts with alcoholic potash to give in small yield a sub- 
stance, apparently an ergostatrienedione. The table on. p. 1577 shows the various trans- 
formations of the triols discussed above. 

Whereas both ergostadienetriol I and ergostanedionol are readily dehydrated on 
treatment with hydrogen chloride, «-ergostenetriol only isomerises under prolonged 
treatment with this reagent. This inability of members of the triol II series to dehydrate 
can only be attributed to a specific spatial configuration of the tertiary hydroxyl group. 
The fact that ergostanedionol, apparently a member of the triol IT series, is labile suggests 
that during its formation by oxidation of ergostanetriol (Windaus, Inhoffen, and Reichel, 
loc. cit.) an inversion of the hydroxyl group around C; has occurred. The labile character 
of ergostanedionol is also exemplified by its reduction by the Clemmensen method, an 
ergostene, m. p. 78°, being obtained. An identical inversion is known to occur in derivatives 
of hyodeoxycholic acid (IIT) (Windaus, Z. angew. Chem., 1923, 36, 309; Wieland and Dane, 
Z. physiol. Chem., 1932, 212, 41) in which rings A and B are of the cis-decalin (coprostane) 
type; it is effected under very mild catalytic conditions, when a carbonyl group is situated 
at C., and gives rise to derivatives of the cholestane series, in which rings A and B now have 
the /rans-decalin configuration. As a consequence the easily dehydrated triol I must be 
the ¢rans-decalin (IV) and the unreactive triol II the cis-decalin derivative (V). These 
considerations provide independent proof that the reactive double bond of ergosterol is 
actually between C, and Cg, a position originally postulated by one of us (J. Soc. Chem. Ind., 


1932, 51, 1061). ) 
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The position of the second nuclear ethenoid linkage still remains to be unambiguously 
determined. It is abundantly clear that it must be in the same ring as C;—C, (ring B) 
(Windaus, Nachr. Ges. Wiss. Géttingen, 1933, 100; Honigmann, Annalen, 1934, 511, 292). 
There are, therefore, two possible formulations for ergosterol, the one containing a C;—C, 
linkage (II) and the other a C,—C, linkage (VIII) (compare Heilbron, Morrison, and 
Simpson, loc. cit.). Its allocation at C,—C, (IT) assumes its direct conjugation with the 
C,;—C, bond, but this arrangement fails to give a satisfactory interpretation of some 
important and repeatedly observed reactions of ergosterol. For instance, the dehydration 
of triol I (IV) to dehydroergosterol cannot occur unless it be assumed that during the 
reaction the C,—C, ethylene linkage migrates to the Cs—C, position, in which case dehydro- 
ergosterol must be (VI). Such a constitution cannot, however, be reconciled with formula 
(II), since the hydrogenated adducts of these two sterols (acetates) with maleic anhydride are 
identical (Honigmann, Amnalen, 1933, 508, 89). This point was clearly appreciated by this 








Studies in the Sterol Group. Part XIX. 1579 


author, who was forced to employ constitutions (VI) and (VII) for the respective sterols 
(compare Windaus and Langer, Annalen, 1933, 508, 105). 

It thus follows that formula (II), and any other representation of the constitution of 
ergosterol in which the nuclear double bonds are conjugated, fails to account for these 
experimental results. Again, this formula tacitly assumes that during the hydrogenation 
of ergosterol to «-ergostenol, a migration of the C,—C, ethylene bond to the C,—C, position 
occurs in order to account for the presence in the latter of an “inert ” ethenoid linkage 
(compare Rosenheim and King, Joc. cit.). The characteristic sensitivity of both ergosterol 
and «-ergostenol to the Tortelli—Jaffe reagent (Heilbron and Spring, Biochem. J., 1930, 24, 
133) indicates, however, that the double bond of the latter is also present in the parent 
sterol. The evidence adduced by Rosenheim and King (loc. cit.) for the existence of a 
C,—C, ethylene linkage to a large extent depends upon the non-identity of «-ergostenetriol 
(Heilbron, Morrison, and Simpson, /oc. cit.) and isoergostenetriol (Windaus and Langer, 
loc. cit.). It must be observed, however, that these two isomerides are not comparable, as 
the first is obtained by hydrogenation of the cis-triol II, whilst the second is prepared from 
22-dihydroergosterol via its peroxide, a reaction which we have shown gives rise to the 
trans-isomeride. In so far as the position of the ethylene linkage is concerned this argument 
is therefore invalid. The fact that the catalytic hydrogenation of ergosterol gives a dihydro- 
derivative identical with that obtained by the reduction of this sterol with sodium and 
alcohol also invalidates the suggestion made by these authors that platinum or palladium 
catalysts effect a migration of an ethylene linkage in the ergosterol series. Although the 
reduction of ergosterol with sodium is difficult when ethyl alcohol is used, it proceeds readily 
with amyl alcohol to give, in addition to dihydroergosterol, the epi-isomeride (Heilbron, 
Johnstone, and Spring, J., 1929, 2248; Lettré, Z. physiol. Chem., 1930, 189, 1) in small 
amount. In view of this we consider that the recently described y-ergostenol of Windaus 
and Langer (oc. cit.) requires further investigation. 
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The allocation of the second nuclear ethenoid linkage to the C,—C, position thus fails to 
satisfy the necessary experimental evidence. The only remaining position for this linkage 
is between C,—C, to give the constitution (VIII) for ergosterol first advanced by one of us 
(J. Soc. Chem. Ind., 1932, 51, 1061). This constitution offers the only logical interpretation 
of the reactions of ergosterol together with the formation and reactions of dehydro- 
ergosterol; the ergostadienetriols will thus be (IX) and dehydroergosterol formed from 
(IX) by loss of two molecules of water will be (VI). In agreement with the constitution 
(VIII), it is known that the addition of maleic anhydride to ergosterol requires a consider- 
ably higher reaction temperature than is normal in diene syntheses or than that required 
for dehydroergosterol, although addition occurs ultimately at the same carbon atoms 
(see p. 1578). This previously unexplained discrepancy is satisfactorily accounted for by 
constitution (VIII), in which migration of the C, : C, bond to the unstable C, : C, position 
must precede addition, to give the conjugated system already present in dehydroergosterol. 


EXPERIMENTAL. 


Methoxycholestane.—This compound has been previously described by Wagner-Jauregg and 
Werner (Z. physiol. Chem., 1932, 218, 123), but it is more conveniently prepared by methylating 
cholestanol by the method described by Heilbron and Simpson (J., 1932, 268), the product thus 
obtained crystallising from acetone in plates, m. p. 82—83°. 

Oxidation of Methoxycholestane.—Methoxycholestane (5 g.) in glacial acetic acid (200 c.c.) 
was treated with a solution of chromic anhydride (15 g.) in acetic acid (45 c.c. of 66%), added 
slowly during 34 hours with stirring, the temperature throughout being maintained at 80°. 
The excess of chromic anhydride was decomposed with sulphur dioxide, and the solvent removed 
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under reduced pressure. The residue was dissolved in ether and the ethereal solution, after 
being washed with water, was extracted with dilute sodium hydroxide solution. The alkaline 
extract was acidified, and the precipitated acid extracted with ether and crystallised first from 
acetic acid and finally from ether-light petroleum; it then separated in leaflets, m. p. 195—196° 
(yield, 25%) (Found : C, 74-8; H, 10-6. Calc. for C,,H,,O,: C, 74-6; H, 10-6%). 

Methyl Ergostanylxanthate.—A solution of ergostanol (5 g.) in dry benzene (30 c.c.) was added 
to emulsified potassium (1-5 g.) in benzene (30 c.c.), and the mixture heated under reflux for 
2 hours. The potassium ergostanyl oxide was converted, in an exactly analogous manner to that 
employed by Bose and Doran (J., 1929, 2244) for the preparation of methyl cholesterylxanthate, 
into methyl ergostanylxanthate, which crystallised from benzene—alcohol in prisms, m. p. 109— 
110°, [«]?}" — 3-6°, readily soluble in ether, benzene, and chloroform, but only sparingly soluble 
in alcohol (Found : C, 73-2; H, 10-4; S, 12-8. C39H;,OS, requires C, 73-2; H, 10-6; S, 13-0%). 

Ergostene, m. p. 86—87°.—Methy] ergostanylxanthate (15 g.) was decomposed by heating at 
200—210° under reduced pressure, and the residue crystallised first from ether containing a 
small quantity of alcoholic potash (compare Bose and Doran, /oc. cit.) and finally from ether— 
alcohol; the hydrocarbon was then obtained in plates. It gave no coloration either with 
antimony trichloride or with the Tortelli-Jaffe reagent, but responded to the Liebermann— 
Burchard test (Found: C, 87-6; H, 12-5. C,,H,, requires C, 87-5; H, 12-5%). The ergostene 
was oxidised with chromic anhydride as described for the oxidation of methoxycholestane; the 
resultant crude acid crystallised from ether—light petroleum in plates, m. p. 218—219°, giving no 
depression on admixture with the acid prepared by Reindel (/oc. cit.) from ergostanol (Found : 
C, 74-5; H, 10-6. Calc. for C,,H,,0,: C, 75-0; H, 10-7%). The dimethyl ester, prepared by 
means of diazomethane, crystallised from aqueous methyl alcohol in needles, m. p. 82—83° 
(Reindel gives 81—83°) (Found : C, 75-6; H, 10-9. Calc. for C35H;,0,: C, 75-7; H, 10-9%). 

Cholestenediol Diacetate—This compound was first prepared by Westphalen (loc. cit.), who, 
however, gives no experimental details. The following method provides satisfactory results : 
cholestanetriol diacetate (2 g.) (Pickard and Yates, J., 1908, 93, 1680) was gently refluxed with 
acetic anhydride (8 c.c.) and concentrated sulphuric acid (1 drop) for 1 hour. The cold solution 
was diluted with water and extracted with ether, and the ethereal solution successively washed 
with dilute sodium carbonate solution and water. After removal of solvent the residual oil was 
crystallised from methyl alcohol, cholestenediol diacetate separating in stout needles, m. p. 
124—125°. 

Attempted Dehydration of Ergostanetriol Diacetate——(a) Ergostanetriol diacetate was treated 
exactly as described above; the only substance isolated in crystalline form from the residual oil 
was the unchanged triol diacetate in similar yield to the cholestenediol diacetate obtained above 
(ca. 20%). (b) Ergostanetriol diacetate (2 g.) in dry xylene (200 c.c.) was refluxed with 
phosphoric oxide (2-5 g.) for 4 hours, the whole being mechanically stirred. The reaction 
mixture was poured into water, ether-extracted, and steam-distilled to remove solvents. The 
residue was extracted with ether and crystallised from methyl alcohol-ethyl acetate, the 
unchanged triol diacetate being quantitatively recovered. 

Dehydroergosteryl Acetate —In attempts to crystallise ergostadienetriol I from ethyl acetate 
containing a small quantity of acetic acid the m. p. continuously fell until a constant value of 
140° was reached. The compound of this m. p. appeared to be identical with dehydroergosterol, 
giving no depression on admixture with an authentic specimen. In order to investigate this 
apparently facile loss of water the triol (1 g.) was heated on a steam-bath with acetic anhydride 
(50 c.c.) for 3 hours. The suspended triol slowly went into solution with the development of a 
reddish-yellow colour. The whole was poured into dilute sodium carbonate solution and ether- 
extracted, and the concentrated ethereal solution treated with methyl alcohol. The yellow gum 
was repeatedly crystallised from alcohol-ethyl acetate, finally furnishing dehydroergosteryl 
acetate, m. p. 142°, [«]?® + 177-6° (dehydroergosteryl acetate has m. p. 146°, [a]}° + 192°; 
Windaus and Linsert, Joc. cit.). 

Reduction of Ergostanedionol.—A solution of the keto-alcohol (1 g.) in glacial acetic acid 
(300 c.c.) was heated under reflux with amalgamated zinc (20 g.), and concentrated hydrochloric 
acid added hourly in 10 c.c. portions during 48 hours. The reaction product was diluted with 
water, extracted with ether, washed with sodium carbonate, and dried. The residue was 
repeatedly crystallised from ether-alcohol, from which the new ergostene separated in small 
plates, m. p. 78° (Found: C, 87-7; H, 12:2. C,,H,, requires C, 87-5; H, 12-5%). Hydro- 
genation of this hydrocarbon gave ergostane, m. p. 82°, unchanged on admixture with an 
authentic specimen. 

Oxidation of Ergostadienetriol I.—A solution of chromic anhydride (2-4 g.) in acetic acid 
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(40 c.c.) and water (3-5 c.c.) was added during 5 hours at room temperature to a well-stirred 
solution of ergostadienetriol I (2 g.) in acetic acid (150.c.c.). The ketone crystallised from ethyl 
acetate—alcohol in plates, m. p. 248° (decomp.), unchanged on admixture with the ergostadiene- 
dionol, m. p. 249°, obtained from triol II (Heilbron, Morrison, and Simpson, Joc. cit.). Similarly 
the monoxime, m. p. 232°, gave no depression with the oxime of ergostadienedionol from triol II. 

Substance C,,H4gO,.—When ergostadienetriol I was oxidised as described above, but the 
reaction period increased to 15 hours, the product obtained after several recrystallisations from 
ethyl acetate—alcohol separated in needles, m. p. 204—205° (Found : C, 76-8; H, 9-1. CygHyO, 
requires C, 76-4; H, 9-1%). This substance, which has not so far been further investigated, 
gives a monoxime crystallising from absolute alcohol in shining needles, m. p. 165—167° (Found : 
N, 3-2. C,,H,,O,N requires N, 3-1%). 

Ergostatrienedione (?).—Ergostadienedionol (0-4 g.) was warmed with methyl-alcoholic 
potash (50 c.c.) until it was completely dissolved. The deep red solution was diluted with water 
and acidified with hydrochloric acid; the colour was then discharged. The resultant greenish- 
yellow solid was extracted with ether and well washed with water. The residual dark yellow 
solid obtained on removal of solvent from the dried solution was repeatedly crystallised, yielding 
lemon-yellow needles, m. p. 145—146° (Found: C, 81-8; H, 10-3. C,,H, O, requires C, 82-3; 
H, 10-0%). The yield of this product was extremely small and precluded further attempts at 
purification and investigation. 

Note :—Action of Lead Tetra-acetate on Methoxyergostadienediol.—We find that the product 
of this reaction (compare Heilbron, Morrison, and Simpson, /oc. cit.) has m. p. 130—131° and not 
105—106° as previously reported (Found: C, 78-8; H, 10-3. Calc. for CygH,,0,: C, 78-7; 
H, 10-4%). 
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345. Studies in the Pyrone Series. Part II. Chromones and Coumarins 
derived from 2-Hydroxy-4-methoxy-aceto- and -propio-phenones. 
By I. M. Hertpron, D. H. Hey, and B. LYTHGOE. 


PREVIOUS work has shown (Heilbron, Heslop, and Howard, J., 1933, 1263; Heilbron, Hey, 
and Lowe, this vol., p. 1311) that the Kostanecki reaction is not reliable as a general method 
of chromone synthesis, since its course is dependent not only on the sodium salt and 
anhydride of the acid used but also on the o-hydroxy-ketone. For example, 2-hydroxy-4- 
methoxyacetophenone with sodium acetate and acetic anhydride gives 7-methoxy-2- 
methylchromone (Nagai, Ber., 1892, 25, 1284; Kostanecki and Rézycki, Ber., 1901, 34, 
102), whereas with sodium propionate and propionic anhydride the product is 7-methoxy- 
3: 4-dimethylcoumarin (Heilbron, Heslop, and Howard, /oc. cit.). On the other hand, 
respropiophenone gives a chromone with sodium acetate and acetic anhydride (Canter, 
Curd, and Robertson, J., 1931, 1263) and its 4-methoxy-derivative reacts similarly with 
sodium propionate and propionic anhydride (Heilbron, Heslop, and-Irving, J., 1933, 433). 
Wittig and his co-workers (Ber., 1924, 57, 88; Amnnalen, 1925, 446, 155; Ber., 1926, 59, 
116) also have carried out a number of reactions of this type and have shown that in some 
cases both chromones and coumarins are formed simultaneously, but they were concerned 
generally with the use of sodium acetate and acetic anhydride on derivatives of aceto- 
phenone only. 

We have now studied the action of the anhydrides and sodium salts of propionic and 
butyric acids on 2-hydroxy-4-methoxyacetophenone and on 2-hydroxy-4-methoxypropio- 
phenone, the products of each reaction being exhaustively examined for both chromones 
and coumarins. In all four cases more than one product is formed, but while with the former 
ketone the main product is the coumarin, with the latter it is the chromone. In these cases, 
therefore, varying the sodium salt and anhydride is of subsidiary importance to the effect 
of changing from the methyl ketone to the ethyl ketone. The method employed for the 
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separation of the chromone or coumarin from the other products of the reaction is based 
on the use of sodium ethoxide, as employed by Wittig and his co-workers (/oc. cit.). 

The action of sodium propionate and propionic anhydride on 2-hydroxy-4-methoxy- 
acetophenone gave mainly 7-methoxy-3 : 4-dimethylcoumarin (compare Heilbron, Heslop, 
and Howard, Joc. cit.), but we have also isolated a small quantity of the corresponding 
7-hydroxycoumarin. None of the anticipated chromone was found, but a small amount 
of an apparently isomeric compound was obtained and will be further investigated. With 
sodium butyrate and butyric anhydride the same ketone gave 7-methoxy-4-methy]l-3- 
ethylcoumarin together with 7-methoxy-2-propylchromone as by-product. The former 
was identical with the compound prepared from resorcinol and ethyl «-ethylacetoacetate 
by the method of Canter, Curd, and Robertson (/oc. cit., p. 1264), and the latter was identical 
with the chromone described by Heilbron, Hey, and Lowe (loc. cit.). 

2-Hydroxy-4-methoxypropiophenone, sodium propionate, and propionic anhydride 
gave mainly 7-methoxy-3-methyl-2-ethylchromone, identical with the product previously 
obtained by Heilbron, Hey, and Lowe (/oc. cit.) ; in addition a small quantity of 7-methoxy- 
3-methyl-4-ethylcoumarin was isolated and found to be identical with the compound obtained 
from resorcinol and «-methylpropioacetic ester with subsequent methylation (unpublished 
work). With sodium butyrate and butyric anhydride, 7-methoxy-3-methyl-2-propy]l- 
chromone was obtained (compare Heilbron, Hey, and Lowe, /oc. cit.) together with a small 
quantity of the corresponding 7-hydroxychromone and a still smaller quantity of what is 
provisionally regarded as the hitherto unknown 7-methoxy-3 : 4-diethylcoumarin. 


EXPERIMENTAL. 


Action of Sodium Propionate and Propionic Anhydride on 2-Hydroxy-4-methoxyacetophenone.— 
2-Hydroxy-4-methoxyacetophenone (10 g.), sodium propionate (15 g.) and propionic anhydride 
(20 g.) were heated together under reflux at 190° for 16 hours. The product was poured into 
water, distilled with steam to remove unchanged reactants, and extracted with ether. Distilla- 
tion of the ethereal extract at 3 mm. yielded a yellow oil, which was dissolved in ether and 
washed with aqueous sodium hydroxide to remove any compounds demethylated during the 
reaction. Acidification of the aqueous layer precipitated a small amount of a white solid, which 
on crystallisation from light petroleum yielded 7-hydroxy-3 : 4-dimethylcoumarin, m. p. and 
mixed m. p. 256° (Found : C, 70-0; H, 5-6. Calc. for C,,H,,O,;: C, 69-5; H, 53%). Evapora- 
tion of the ethereal solution left a yellow oil, which was allowed to stand over-night with sodium 
ethoxide in alcohol (4-5 g. of sodium in 50 c.c. of ethylalcohol). Dilution with water precipitated 
a dark oil, which on crystallisation from light petroleum gave (a) 7-methoxy-3 : 4-dimethyl- 
coumarin (0-1 g.), m. p. and mixed m. p. 140—141°, and (8) pale yellow, cubic crystals (0-3 g.), 
m. p. 81—82° (Found: C, 70-6; H, 5-95. Calc. for C,,H,,0O,: C, 70-6; H, 5-9%). The latter 
compound strongly depressed the m. p. of 7-methoxy-2-ethylchromone. The dilute aqueous 
alkaline layer was acidified with acetic acid, extracted with ether, and the ethereal extract washed 
with aqueous alkali to remove any diketone which might be formed through rupture of any 
chromone present. Evaporation of the ether left a crystalline residue, which on recrystallisation 
from aqueous alcohol gave 7-methoxy-3 : 4-dimethylcoumarin (3-3 g.), m. p. 141—142°, as the 
main product of the reaction. The alkaline washings were acidified and extracted with ether, 
evaporation of which gave a small tarry residue only. 

The following reactions were carried out and the products treated as described above, 
except where otherwise stated. 

Action of Sodium Butyrate and Butyric Anhydride on 2-Hydroxy-4-methoxyacetophenone.— 
2-Hydroxy-4-methoxyacetophenone (8 g.), sodium butyrate (12 g.), and butyric anhydride 
(20 g.) yielded a pale yellow oil (7 g., distilled at5mm.). After treatment with sodium ethoxide, 
dilution and filtration, the filtrate was acidified and extracted with ether. The ethereal extract, 
washed with aqueous sodium hydroxide, yielded on evaporation 7-methoxy-4-methyl-3-ethyl- 
coumarin (2 g.), m. p. 94° (Found: C, 71-9; H, 6-8. Calc. for C,;H,,0,;: C, 71-5; H, 6-4%). 
There was no depression of m. p. on admixture with the compound prepared as described by 
Canter, Curd, and Robertson (/oc. cit., p. 1264). Samples of the coumarin, prepared by both 
methods, were hydrolysed by the method of Canter and Robertson (J., 1931, 1875) to give 
2 : 4-dimethoxy-B-methyl-a-ethylcinnamic acid in rectangular plates (from benzene), m. Pp. 
127-5° (Found: C, 67-4; H, 7-2. C,,H,,O, requires C, 67-2; H, 7-2%). 

Acidification of the alkaline washings and extraction with ether yielded presumably 5- 
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methoxy-2-butyroacetylphenol as an oil which, without further treatment, was boiled with 
acetic acid containing a few drops of hydrochloric acid and poured into water. Recrystallisation 
of the precipitated tar from light petroleum gave 7-methoxy-2-propylchromone in colourless 
needles (1-1 g.), m. p. 83° (Found: C, 71-3; H, 6-55. Calc. for C,;H,,0,: C, 71-5; H, 64%). 
No depression in m. p. was produced on admixture with the chromone prepared by Heilbron, 
Hey, and Lowe (loc. cit.). 

Action of Sodium Propionate and Propionic Anhydride on 2-Hydroxy-4-methoxypropiophenone. 
—After the steam distillation of the product from 2-hydroxy-4-methoxypropiophenone (10 g.), 
sodium propionate (15 g.), and propionic anhydride (25 g.), a solid residue remained (12 g.), 
which was crystallised repeatedly from methyl alcohol, 7-methoxy-3-methyl-2-ethylchromone 
(7-5 g.) being obtained in colourless needles, m. p. 86-5° (Found: C, 71-2; H, 6-4. Calc. for 
C,3H,,0,: C, 71-5; H, 6-4%). No depression in m. p. was observed on admixture with the 
chromone prepared by Heilbron, Hey, and Lowe (loc. cit.). When it was subjected to hydrolytic 
fission by the method described by Canter and Robertson (loc. cit.), 2-hydroxy-4-methoxybenzoic 
acid was obtained in colourless needles (from dilute acetic acid), m. p. and mixed m. p. 156° 
(Found : C, 57-3; H,4-7. Calc. forC,H,O,: C, 57-1; H,4:8%). The isolation of a substituted 
benzoic acid in place of a substituted cinnamic acid confirms the y-pyrone structure. 

The residue from the mother-liquors was treated, as before, with sodium ethoxide in alcohol 
and on dilution a further quantity of 7-methoxy-3-methyl-2-ethylchromone (1 g.) was precipi- 
tated. Acidification of the filtrate, followed by ether extraction, gave on evaporation of the 
solvent 7-methoxy-3-methyl-4-ethylcoumarin (0-4 g.) in plates (from light petroleum), m. p. 89° 
(Found: C, 71-1; H, 6-4. C,,;H,,O3 requires C, 71-5; H, 6-4%). 

Action of Sodium Butyrate and Butyric Anhydride on 2-Hydroxy-4-methoxypropiophenone.— 
The product from 2-hydroxy-4-methoxypropiophenone (10 g.), sodium butyrate (15 g.), and 
butyric anhydride (20 g.) was extracted with ether and washed with aqueous sodium hydroxide. 
Acidification of the alkaline washings yielded 7-hydroxy-3-methyl-2-propylchromone (1-6 g.) in 
long needles (from light petroleum), m. p. 212° (Found: C, 71-7; H, 6-3. C,3;H,,O, requires 
C, 71-5; H, 6-4%). Its methyl ether, prepared by refluxing with methyl iodide and potassium - 
carbonate in acetone for 20 hours, melted at 77° and gave no depression on admixture with the 
compound previously prepared by Heilbron, Hey, and Lowe (loc. cit.). 

The residue from the ethereal extract gave a yellow oil on distillation at 3 mm., which was 
treated as before with alcoholic sodium ethoxide. On dilution the chromone was precipitated, 
which on crystallisation from alcohol gave 7-methoxy-3-methyl-2-propylchromone (6-8 g.) in 
needles, m. p. and mixed m. p. 78° (Found: C, 72-6; H, 6-8. Calc. for C,,H,,O,: C, 72-4; 
H, 6-9%). Hydrolytic fission gave 2-hydroxy-4-methoxybenzoic acid, m. p. and mixed m. p. 
156°. The alkaline filtrate was acidified and extracted with ether, and the extract washed with 
aqueous sodium hydroxide. Evaporation of the ether gave a very small quantity of an oil which 
slowly solidified, and after crystallisation from dilute alcohol melted at 63° (Found: C, 72-1; 
H, 6-6. C,,H,,O, requires C, 72-4; H, 69%). It is tentatively regarded as 7-methoxy-3 : 4- 
diethylcoumarin. Acidification of the alkaline washings deposited a further quantity of 7- 
hydroxy-3-methyl-2-propylchromone (1-6 g.), m. p. and mixed m. p. 212°, its presence at this 
stage being undoubtedly due to demethylation in the sodium ethoxide treatment. 


Our thanks are due to Dr. R. N. Heslop for his helpful co-operation. 
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346. The Non-saponifiable Matter of Shea Nut Fat. Part I. 
By I. M. HerLsron, G. L. Morrfet, and F. S. Sprinc. 


TuE acids of shea nut fat have been examined by Hilditch and Saletore (J. Soc. Chem. 
Ind., 1931, 50, 468) and by Hopkins and Young (zbid., p. 389). The latter authors also 
examined the non-saponifiable fraction, the only constituent isolated, however, being a 
small yield of a hydrocarbon illipene, previously described by Kobayashi (J. Chem. Ind. 
Japan, 1922, 25, 1188), to which the formula C,,H;, was ascribed.* 

* Since completing this work we have found that Bauer and Umbach (Ber., 1932, 65, 859) also have 


isolated from shea nut fat a hydrocarbon (C;H,)e9-2; identical with illipene to which they give the name 
karitene. In its general chemical properties these authors find that this hydrocarbon closely resembles 


caoutchouc. 
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We have commenced a detailed examination of the non-saponifiable matter, the 
present communication describing a qualitative examination of the principal constituents. 
A more detailed study of these is now in hand, and will be reported upon at a later date. 

Hydrolysis of shea fat was effected by means of alcoholic potash, a latex-like material 
separating during the reaction, crystallisation of which gave a hydrocarbon which without 
doubt is the illipene of Kobayashi (/oc. cit.) and of Hopkins and Young (loc. cit.). 

The non-saponifiable fraction was obtained as an intractable resinous solid showing no 
tendency to crystallise from a variety of solvents. Acetylation of the crude material 
yielded a crystalline mixture, from which a pure acetate, m. p. 235—236°, was readily 
isolated. The latter we have identified as B-amyrin acetate by its conversion into the 
free alcohol and the preparation of its benzoate, and by direct comparison of these with 
the corresponding derivatives of B-amyrin of manilla elemi. 

After removal of successive crops of $-amyrin acetate, the acetate mother-liquor on 
concentration gave a product, m. p. 141°, analysis of which indicates the formula C,.H,;,0, 
(or C3,H590,). The free alcohol and its benzoate have been prepared; the constants for 
these derivatives, which do not appear to have been previously described in the literature, 
are shown in the table below : 

[a]p Found: Calc. for C395H;,0: 
M. p. (CHCI,). Cc. H. a H. 
Alcohol 5° —11-9° 84°8 11°4 84°4 11°8 


Acetate +22°4 81-95 11°25 82-0 11-2 
Benzoate a 83°85 10°1 83°7 10°3 


The analytical data shown above do not exclude the empirical formula C,,H,,O for 
the free alcohol; the relatively low melting points of the alcohol and its derivatives 
suggest that they are sterolic (tetracyclic) rather than triterpenoid (pentacyclic) in 
type. This suggestion is supported by a preliminary examination of the action of per- 
benzoic acid on the acetate, which indicates the presence of two ethenoid linkages and 
consequently of a tetracyclic system. 


Benzoylation of the crude non-saponifiable matter readily yielded the benzoate of 
lupeol in moderate yield. This has been characterised by the preparation of several deriv- 
atives and also by direct comparison of the free alcohol with a specimen of authentic 
lupeol for which we are indebted to Professor L. Ruzicka. From the mother-liquors 
obtained after the removal of lupeol benzoate we have isolated 8-amyrin benzoate in small 
amount. 


EXPERIMENTAL. 


Hydrolysis of Shea Nut Fat.—White shea fat (200 g.) was refluxed for 4 hours with 12% 
alcoholic potash (500 c.c.). The liquid was decanted from the gum adhering to the sides of 
the flask, and the latter washed with alcohol and dry benzene and taken up in hot ether. On 
cooling, a microcrystalline powder separated which after three recrystallisations from the same 
solvent had m. p. 63—64° (Hopkins and Young, /oc. cit., give m. p. 64° for illipene) (Found : 
C, 87-0; H, 12-7. Calc. for C;,H;,: C, 87-2; H, 12-8%. Calc. for C,,H;,: C, 87-3; H, 12-7%). 

The alcoholic solution was poured into a large quantity of water, and the solution extracted 
with ether. The ethereal extract was washed with water, dried, and the solvent removed; 
a brown resinous mass remained, m. p. 65—85° (yield, 5% approx.). 

Acetylation of the Non-saponifiable Mattey—The powdered non-saponifiable matter (50 g.) 
was refluxed with acetic anhydride (250 c.c.) for 90 minutes. The solid separating over-night 
was washed with alcohol and crystallised from the same solvent (600 c.c.). The first crop 
(10 g.) had m. p. 150°, which was raised to 210° after repeated crystallisation from benzene- 
alcohol. The final purification of this material was achieved by using ethyl acetate as solvent, 
a pure constant-melting product being obtained in needles, m. p. 235—236°, [a]? * + 76-0° 
(Found : C, 81-95; H, 10-9. Calc. for C;,H;,0,: C, 81-95; H, 11-2%), showing no depression 
in m. p. on admixture with B-amyrin acetate of manilla elemi, m. p. 236° (Vesterberg, Ber., 
1890, 23, 3186, gives [«]}f*" + 78-6° for B-amyrin acetate). Hydrolysis of this acetate with 5% 
alcoholic potash gave the free alcohol, crystallising from alcohol in needles, m. p. 193—194°, 
not depressed on admixture with f-amyrin. The benzoate separated from benzene—alcohol 
(1 : 4) in plates, m. p. 230°, either alone or in admixture with B-amyrin benzoate. 


* The rotations recorded in this communication are for chloroform solution. 
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Isolation of acetate, m. p. 141°. The mother-liquor obtained after the isolation of crop I 
was concentrated to 400 c.c. and kept over-night; a second crop then separated (5 g.), which 
on purification yielded a small amount of $-amyrin acetate. The mother-liquor from crop II 
was concentrated to 250 c.c. and kept over-night. The separated rosettes of needles (3 g.) were 
collected, washed, and repeatedly crystallised from alcohol to give clusters of needles, m. p. 141°, 
not raised by recrystallisation. The acetate is freely soluble in ether, chloroform, and benzene, 
but only moderately soluble in ethyl acetate and ethyl alcohol. With antimony trichloride— 
chloroform solution, neither the alcohol nor its acetate gives any coloration; a negative reaction 
is also obtained with the Salkowski reagent. With the Liebermann—Burchard reagent an 
immediate yellow coloration is produced, the solution having a very marked green fluorescence, 
the colour gradually changing to brown and finally to red, the green fluorescence persisting 
throughout. 

Titration of Acetate, m. p. 141°, with Perbenzoic Acid.—The acetate (0-188 g.) in dry chloroform 
(40 c.c.) was set aside at 0° with a solution of perbenzoic acid in chloroform (10 c.c. of 0-5N). 
From time to time samples of the solution were titrated with N/10-sodium thiosulphate, all 
measurements being standardised against a blank consisting of the same volume of perbenzoic 
acid solution in chloroform. The following absorptions were observed : 


Time (days) 3 10 


6 
Atoms of O absorbed per mole of acetate 1°75 1°94 2°09 


Alcohol, m. p. 109-5°.—The acetate (1 g.), m. p. 141°, was refluxed with alcoholic potash 
(38%; 50 c.c.) for 4 hours. The solution was precipitated with water, extracted with ether, 
and the ethereal extract washed and dried over anhydrous sodium sulphate. The product 
separated from aqueous alcohol (80%) in needles which after two crystallisations from the same 
solvent had m. p. 109-5°. 

Benzoate, m. p. 130°.—The alcohol (0-4 g.), m. p. 109-5°, in benzene (5 c.c.) was treated with 
benzoyl chloride (3 c.c.) and pyridine (1-5 c.c.), the mixture being maintained at 70° for 6 hours 
with constant stirring. Removal of the volatile fraction under reduced pressure left an oily 
residue, which separated from benzene—alcohol (1:4) in plates, m. p. 130° after two 
crystallisations. 

Benzoylation of the Non-saponifiable Matter.—The powdered non-saponifiable matter (150 g.) 
in benzene (150 c.c.) was treated with benzoyl chloride (95 g.) and pyridine (60 g.), and the 
mixture heated on the steam-bath for 6 hours with constant stirring. The solvent was then 
removed under reduced pressure, and the residual brown oil dissolved in a mixture of ethyl 
acetate and alcohol (1:1, 1000c.c.). The mixture was gently refluxed, solid commencing 
to separate after 5 minutes. After 30 minutes’ boiling, the copious mass of semi-crystalline 
solid was filtered off and washed with alcohol (80 g., m. p. 170—194°). Repeated crystallisation 
of this solid from benzene—alcohol (1:4) and finally from acetone gave prismatic needles, 
[a]?°+ 59-9°, m. p. 261-5°, which could not be raised by repeated crystallisation. Cohen 
(Rec. trav. chim., 1909, 28, 368) gives m. p. 265—266°, [x]? + 60-4° for lupeol benzoate (Found : 
C, 83-6; H, 10-1. Calc. for C,;,H;,0,: C, 83-7; H, 10-3%). 

Lupeol.—The benzoate (10 g.) was refluxed for 3 hours with alcoholic potash (24%, 750 c.c.), 
the solution precipitated with water, and the solid dissolved in hot methyl alcohol—acetone 
(3: 1, 25 c.c.), to which water was added until the solution became turbid. On cooling, the 
alcohol separated in magnificent long needles, m. p. 210—211°, [«]}” + 26-4°, giving no depression 
in m. p. on admixture with lupeol (Cohen, Joc. cit., gives m. p. 211°, [a]p +27-2% for lupeol) 
(Found: C, 84-9; H, 11-8. Calc. for Cs,5H;,0: C, 84-4; H, 11-8%). 

Lupeol Acetate —Prepared in the usual manner, the acetate separated from alcohol in clusters 
of flat needles, m. p. 214°, [x]#’ + 47-5° (Found: C, 82-0; H, 11-25. Calc. for C,,H,,0, : 
C, 82-0; H, 11-2%) (Cohen, /oc. cit., gives m. p. 214° for lupeol acetate). 

8-Amyrin Benzoate.-—The mother-liquor from the first recrystallisation of the crude benzoate, 
m. p. 170—194°, was set aside for 2 weeks. The solid separating had m. p. 235—245° and on 
purification gave a further quantity of pure lupeol benzoate. The mother-liquor from this 
crop did not deposit any more solid on standing; on concentration to half bulk and cooling, 
a small crop of flat plates separated, m. p. 219°. Repeated crystallisation of this solid from 
benzene-—alcohol raised the m. p. to 230-5°, either alone or in admixture with B-amyrin benzoate. 


THE UNIVERSITY, MANCHESTER. [Received, August 18th, 1934.] 
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347. Sodium Paratungstate. 


By Reece H. VALLANCE and Eric G. K. PRITCHETT. 


IN a previous paper (Vallance, J., 1931, 1421) it was shown that analytical and dehydration 
experiments pointed to the identity of the so-called 4: 10-tungstates (Smith, J. Amer. 
Chem. Soc., 1922, 44, 2027) with the paratungstates, the composition of the sodium salt 
being 5Na,0,12W0O,,28H,O. Physicochemical methods have now been employed to test 
this conclusion, and incidentally to throw light on the paratungstate molecule. 


EXPERIMENTAL. 


The titration of normal sodium tungstate with formic acid (26-235N) under the conditions 
employed in the preparation of the 4: 10-salt, and with hydrochloric acid (4-93N), as in the 
usual preparation of paratungstate, was examined potentiometrically. In each case 20 g. of 
sodium tungstate, Na,WO,,2H,0, dissolved in 25 c.c. of water, were titrated with the acid at 
60—70°, the higher temperature being necessary to redissolve, with stirring, the precipitated 
tungstic acid, potentiometer readings then being taken at 60°. An electrometer-valve potentio- 
meter was used with a Morton glass-electrode system. The glass electrode was first calibrated 
at 18° on 0-05M-solutions of potassium hydrogen phthalate and borax and the Prideaux- 
Ward universal buffer solution. The calibration was then repeated at 60°, slight changes in py 

of the solutions being detected by means of 
i" o indicators. It was necessary to protect the 
10 ; electrode from sudden changes of temper- 
ature. The E.M.F.-pq curve obtained 
was nearly parallel to that obtained at 18°, 
and approximate pq values could thus be 
derived between pg 3 and 9-5. During the 
titrations, consistent and reproducible re- 
sults were obtained to a point well beyond 
the completion of tungstic acid precipitation. 

The results are shown graphically in the 
figure. With allowance for the difference in 
concentration of the acids, the similarity of 
the curves is obvious. In each case the 
main fall in pg occurs when the proportion 
, , , of acid added is very nearly equal to that 

0 7 “ < - dc 7 required for the 5: 12 salt, and certainly 

AA awoer vs . pies - no alc hail before that required for the 4 : 10 salt. 
. =, 1 4 , a . . 
BB. Na;WO,-HCI (1: 1) titration curve, at 60°. OTD ER: CHENER: GUND reve 
C,C’. Amounts of acid required to form 5 : 12-salt. next prepared, the so-called 4: 10-salt by 
D,D’. Amounts of acid required to form 4:10-salt. | addition of formic acid to a hot aqueous 
solution of normal] sodium tungstate (50 g. in 
55 c.c. of water) until the solution was just acid to litmus (Smith, Joc. cit.), and the 5 : 12-salt, 
sodium paratungstate, by addition of hydrochloric acid (1:1) to a similar hot solution of 
sodium tungstate until the solution became permanently yellow and only faintly alkaline to 
litmus (Scheibler, J. pr. Chem., 1860, 80, 204; 1861, 83, 273; Gonzalez, ibid., 1887, 36, 44). 
In both cases the crystals formed over-night were washed with cold water and purified by four 
successive recrystallisations from hot water, the products being finally dried between absorbent 
paper at a pressure of 4 lbs. persq.in. After one recrystallisation, the mother-liquor from the 
formic acid product was neutral to litmus, whereas that from the hydrochloric acid product was 
alkaline in reaction, probably owing to adsorbed normal salt. The final products both gave 
neutral solutions. The pg of a 0-1N-solution at 18° was in each case 6-58. 

The equivalent conductivities of the two products were determined on the assumption that 
both were the pure paratungstate, 5 : 12 : 28, so that 0-1 g.-mol. per 1. was considered to be a 
N-solution with respect to sodium. Owing to the readiness with which hydrolysis occurs, the 
electrical conductivity of solutions of these complex tungstates increases on keeping or warming, 
and the increase is particularly marked on boiling; e.g., the following values were obtained : 
A, with fresh solutions of the formic acid product, A, with the same solutions after 1 week, and 
A, with solutions after boiling for } hour. In all cases steamed Jena flasks were used. 








nt im 


S 


2t 











Pp RHeemem aes oa oa 











Sodium Paratungstate. 1587 


64 256 64 
711 91°3 4 72°6 
74°6 97°5 : 88°6 


Changes of the same order were observed in solutions of the hydrochloric acid product - 
(cf. Junius, Diss., Berlin, 1905; Rosenheim and Wolff, Z. anorg. Chem., 1930, 198, 47). For 
comparable conductometric determinations, it was necessary, therefore, to dissolve equal 
weights of the two products simultaneously in equivalent amounts of water shaken at room 
temperature for about 3 hours and to carry out the measurements as rapidly as possible there- 
after. The following table gives the equivalent conductivities so obtained at 25°. 


v (litres) 32 64 128 256 512 1024 
A, (HCI product) 581 67°5 79:2 92:3 106-3 116-5 
Ay (H°CO,H product) ... 50-93 581 67°5 79°4 92°3 105-7 117-0 


By extrapolation, A,, in both cases, approximates to 132. The conductivities of the two 
products are obviously identical. 

The basicity of the parent acid, deduced from the above data, would appear to be 6. This 
does not agree, however, with any formula hitherto proposed except 3Na,0,7WOs, aq., which is 
not in agreement with analytical results. Ostwald’s basicity rule was based on data obtained 
with normal salts of comparatively simple constitution and is by no means of universal applic- 
ability. It is not to be expected that it should be valid with salts giving rise to large complex ions 
and subject to ready hydrolysis which would cause abnormal increase in conductivity. The 
formula based on analytical results is Na,y~W,,0,,,28H,O, and by calculation the ionic con- 
ductivity at 25° of the ion (W,,0,,)* is 80-8, which is probable for a large ion. The hexatung- 
state formula, Na,(HW,O,,), proposed by Copaux and favoured by Jander, postulates a penta- 
basic acid of which the ionic conductivity of the anion would also be 80-8. If the tungstate is 
considered as an acid salt, Na; H(W,O,,), aq., the ionic conductivity of the anion would be 8-5, 
which is very low. It has been already pointed out (Vallance, Joc. cit.) that dehydration experi- 
ments do not justify the differentiation of 1 mol. of water to provide the constituent hydrogen 
necessary in the above formule. Rosenheim (Z. anorg. Chem., 1930, 198, 47) suggests the 
constitution Na, )H,[H,(WO,),.(W,O,)3],24H,O, the molecule being completely hydrolysed 
on heating in solution to 10Na* + 10H’ + 2[H,(WO,),]*; such an acid salt would be expected to 
give much higher conductivity than is indicated in the results above. 

It is of interest that the equivalent conductivity of N /64-sodium tungstate, Na,WO,, at 25° 
is 101-8 (Walden, Z. physikal. Chem., 1887, 1, 529); the corresponding figure for the paratung- 
state is 67-5, and although it increases on keeping or boiling, in no case has the value been found 
to reach 101-8. When such boiling takes place, however, a cloudiness generally occurs owing to 
separation of tungsten trioxide. This behaviour suggests that on hydrolysis sodium tungstate 
is formed, tungsten trioxide remaining in colloidal form and gradually separating. 

The identity of the hydrochloric acid and the formic acid product was further established by a 
study of certain optical properties of theirsolutions. The refractive indices of solutions saturated 
at room temperature were identical, viz., n}*” = 1-3431. The solutions gave no absorption 
bands in the visible region. 

It was observed by Rosenheim and Itzig (Ber., 1900, 33, 707) that the addition of sodium 
paratungstate to an aqueous solution of tartaric acid caused a considerable increase in the optical 
rotation, due apparently to the formation of a complex compound. The property is also shared 
by the normal tungstates. Attempts to use this effect in establishing the identity of the two 
samples of paratungstate were not at first successful, considerable variations in the polarimetric 
readings being obtained. The mechanism of the change was therefore investigated. 

A 0-2M-solution of tartaric acid was employed, and 5 g. of sodium paratungstate added to 
100 c.c. Polarimetric readings were taken at 22° immediately dissolution was complete and at 
intervals thereafter. A rapid rise in rotatory power was at once apparent, but after 30 minutes 
the increase was much less rapid. After 5 hours the solution had acquired a bluish tint, and when 
kept overnight it afforded a white gelatinous precipitate having a bluish tinge which deepened 
with age. This precipitate on drying in a steam-oven yielded the blue oxide of tungsten. The 
addition of hydrochloric acid to the colourless filtrate caused precipitation of tungstic acid 

Increasing quantities of the paratungstate up to 35-985 g. (equivalent to 0-1 mol.) were added 
to 100 c.c. of the 0-2M-tartaric acid. Rapid increase in rotatory power was observed in all 
cases. In solutions containing up to 10% of paratungstate the increase continued until precipi- 
tation commenced, but with larger proportions no precipitation occurred and a constant 
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rotation was attained after about 90 mins., the maximum effect being obtained with a solution 
containing 20% paratungstate, thus :— 
Sodium paratungstate, g. ............ 5:00 7°50 10-00 12-50 15°00 

. ‘ 2 hours 104°10° 111-10° 111°59° 112-67° 113°95° 
Polarimeter reading {54 mel pptn. pptn. pptn. 113°92° 113°90° 


Sodium paratungstate, g. ............ 17-9925 20°00 21-591 22°49 25-00 35°985 
. 2 hours 114:35° -114°70°—s«114:57°—s«114-56°—s«d1:14-14° 11054? 
Pularimoter reading { 94 hours 113°75° =113°87° —s-:113°67°—s«113-51°—s«113°59°—:110-03° 


The values after 24 hours were fairly uniform except in the last case, in which it remained 
practically unchanged. With further lapse of time, however, the solutions showed a continued 
decrease in rotation. 

When examined in this way the products from formic acid and from hydrochloric acid gave 
identical results. The maximum effect is obtained when the molar ratio of tartaric acid to 
sodium paratungstate is 1: 0-278. For this solution [a]? = 405-3° (= 27 times the specific 
rotation of the original tartaric acid solution). When the molar ratio was 2: 1, [«]#” = 336. 
In this respect the action differs from that of normal sodium tungstate, which gives a maximum 
effect when an equimolar proportion is present. 

The solutions after being kept for 24 hours were titrated with 0-1N-sodium hydroxide, which 
reacted only slowly. The results were somewhat inconsistent; the amount of alkali required 
for neutralisation was always more than that required by the tartaric acid alone, but the excess 
was less than that required to convert the paratungstate into the normal salt. When the solu- 
tions were concentrated over sulphuric acid, no crystalline product could be obtained, but on 
evaporation a colourless translucent glass remained, which gradually assumed a bluish tinge. 
Tartaric acid could not be extracted from this by alcohol or ether. With water it became 
sticky and then dissolved to form a colourless acid solution. When heated, the amorphous 
glass gave off a little water and inflammable vapour and after charring melted to a yellowish 
liquid which set to a white solid. It is concluded, therefore, that the addition of the paratung- 
state to tartaric acid results in the formation of colloidal aggregates of indefinite composition 
which remain on evaporation as a homogeneous glass. It appears probable that in such reactions 
as the above there is a gradual change from ionic complexes to micelles in accordance with the 
views of Dumanski and others (Kolloid-Z., 1926, 38, 208), and such a change would prevent 
simple quantitative relations between the reactants being attained. 


SUMMARY. 


The identity of the crystalline products obtained by titration of hot aqueous solutions 
of sodium tungstate with formic acid or with hydrochloric acid has been established by 
physicochemical methods, both being sodium paratungstate, 5Na,0,12W0O,,28H,O. 

The potentiometric curves for the two titrations are similar, and the equivalent con- 
ductivities and optical refractivities of the two products in solution are identical. The 
results obtained are in accord with the formula based on analytical results, viz., 
Najo(W,20,;),28H,O, and in conjunction with the dehydration results already published 
they discount the probability of the molecule’s containing acidic or nuclear hydrogen. 

The influence of the salt on the rotatory power of tartaric acid has been examined. 
Evidence of the formation of a simple addition compound is not forthcoming, and it is 
— that chemical combination between the reactants is accompanied by micelle 
ormation. 


THE TECHNICAL COLLEGE, BIRMINGHAM. [Received, May 30th, 1934.] 





348. .The Thermal Reaction between Chlorine and Gaseous 
Formaldehyde. Part I. 


By RoBERT SPENCE and WILLIAM WILD. 


SoLIpD paraformaldehyde reacts with chlorine when heated in the dark yielding carbon 
monoxide and hydrogen chloride, whilst in bright sunlight the process goes a stage further 
to give carbonyl chloride (Tishtchenko, J. Russ. Phys. Chem. Soc., 1887, 19, 479; Brochet, 
Compt. rend., 1895, 121, 1156). We have found that gaseous monomeric formaldehyde 
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behaves similarly (Nature, 1933, 132, 170); at 150° in the dark, the change can be repre- 
sented by the equation H*CHO + Cl, —»> CO-+ 2HCl. The reaction forms an interesting 
parallel to the thermal hydrogen-chlorine combination, the evidence in regard to which 
is somewhat conflicting (Sirk, Z. physikal. Chem., 1908, 61, 545; Melander, Ark. Kemi, 
Min., Geol., 1914, 5, No. 12; Sachtleben, Diss., Hanover, 1914; Christiansen, Z. physzkal. 
Chem., 1929, B, 2,405). Although the formaldehyde reaction has the apparent advantage 
that the rate can be followed by observation of the pressure change, closer examination 
has revealed complications which make the interpretation of such measurements a difficult 
matter. On this account, considerable importance has been attached to analytical data, 
and the results of investigations covering a wide range of conditions are presented below. 


EXPERIMENTAL. 


Chlorine was prepared from anhydrous A.R. copper chloride (Rollefson, J. Amer. Chem. Soc., 
1929, 51,770; cf. Loeb, Physical Rev., 1930, 35, 184) and stored in a vessel cooled in liquid air. 
Formaldehyde was obtained from the liquid monomeride, prepared by distillation of para- 
formaldehyde according to an improved method, which will be described in another place. 


Fie. 1. 
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Apparatus and Procedure.—The general arrangement of the apparatus was essentially that 
described in a previous communication (J., 1933, 1193). As before, in order to prevent the 
polymerisation reaction which occurs at room temperatures (ibid.), the connecting tubing was 
covered with asbestos wrapped with nichrome wire, and heated electrically to 80°. All stop- 
cocks were lubricated with Apiezon grease. Chlorine entered the reaction bulb directly from 
the storage vessel, and, being the first to be admitted, its pressure could be accurately determined 
inevery case. Gaseous formaldehyde, temporarily stored in a 500 ml. bulb maintained at 100° 
and previously filled by vaporisation of the liquid, was quickly added to the chlorine so that, 
in all but those reactions which began with great rapidity, its pressure could be determined with 
fair accuracy. 

Formaldehyde reacts much more rapidly than hydrogen with chlorine, and in certain circum- 
stances the mixture will explode at 150°. This phase of the reaction has been separately 
investigated. First, the vessel was maintained at 100° in an oil-bath until the required amounts 
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of chlorine and formaldehyde had been admitted. The bath was then quickly replaced by 
another at 160°, thermostatically controlled and provided with a stirrer connected to a slow- 
speed induction motor by a flexible speedometer drive. Since the gases remained in the 
apparatus only a short time before explosion, a simple constant-volume mercury manometer 
was used in these experiments, the mercury surface being covered by a layer of sulphuric acid. 

In the case of the slow reaction, the apparatus, constructed of Pyrex glass, was arranged as 
shown in Fig.1. Anelectric oven (not illustrated), comprising a large steel tube suitably wound 
and enclosed in corrugated asbestos pipe lagging 3’’ thick, with asbestos plugs 1}”’ thick inserted 
into the ends, contained the reaction vessel. The temperature was controlled by a special 
thermoregulator consisting of two concentric spirals filled with mercury, operating in an 
atmosphere of nitrogen. The pressure change occurring in the reaction vessel was followed by a 
Bodenstein quartz spiral manometer, protected from possible explosion shock by a folded 
capillary tube. 

After reaction, the products were completely withdrawn from the bulb through a liquid-air 
trap by the Tépler pump shown in Fig. 1. In certain experiments a spiral was sub- 
stituted for the trap, since this appeared to effect a better separation of small quantities of 
condensable gas. The permanent gases were analysed in a simplified Bone and Wheeler 
apparatus, in which carbon monoxide was absorbed in ammoniacal cuprous chloride solution, 
and hydrogen was burned on a platinum spiral in the presence of excess oxygen. The con- 
densable gases were collected in a 150 ml. bulb provided with a tubular extension drawn off toa 
capillary and immersed in liquid air. After the bulb had been sealed off, the capillary was 
broken under 10% potassium iodide solution, and the liberated iodine titrated with standard 
thiosulphate solution. Hydrogen chloride was determined with standard sodium hydroxide, 
two indicators being used, such that any carbon dioxide formed by the hydrolysis of carbonyl 
chloride, a possible product of the reaction, could have been detected: in no case was any 
evidence of this product obtained. Provided that the concentration of chlorine or formaldehyde 
in the products were small, blank experiments showed that the method could be applied 
successfully. With high concentrations of each, i.e., 200—300 mm., in the reaction vessel, 
the analysis showed a deficiency of chlorine and an excess of hydrogen chloride. For complete 
or almost complete reaction, however, the analysis proved to be satisfactory. The accuracy 
of the total chlorine determination is illustrated by the following blank experiment : 93-0 mm. 
of chlorine in the apparatus at 150°, corresponding to 5-72 x 10“ g.-mol., was withdrawn and 
analysed; the thiosulphate titration gave 5-7 x 10“ g.-mol. Again, to check the gas analysis, 
3-13 x 10 g.-mol. of air was removed from the reaction vessel by the Tépler pump; the volume 
measured in the gas-analysis apparatus corresponded to 3-12 x 10~ g.-mol. 

The Explosive Reaction.—Explosions could be obtained with the greatest regularity in a 
vessel which had been activated by a long series of slow reactions, but no evidence could be 
obtained of the existence of a reproducible pressure limit. Indeed, a vessel subjected to repeated 
explosions can become so active as to explode certain gas mixtures at temperatures as low as 
100°. Detonation was accompanied by a sharp click and the emission of light, the intensity of 
both increasing with the chlorine concentration. The initial and final quantities (g.-mols. x 10“) 
are given in Table I. In those cases in which formaldehyde was in excess, the ratio HC1/CO, 


TABLE I. 


Analysis of the explosive reaction. 
Reactants. Products. 


ee 








Cl,, CH,O, 
mm.at mm. at Total 

100°. 100°. Cl,. CH,O. Ci,. HCl. Cl,. co. Hy. HC1/CO. 

351-0 117-0 24°50 8°18 16°20 15°50 23°95 7°85 1-98 

303°5 152°5 21-20 10°66 9°61 22-94 21-08 11-30 2-03 

203°8 193-0 14:25 13-50 0°39 27°97 14°38 14°01 2-00 

143-7 150°0 10°05 10°49 0-04 19°80 9°94 11°18 1-04 1-96 
99°0 143-0 6°91 10-00 0°06 13-02 6°57 10°05 3°38 1-95 
99°7 217°0 6°97 15°17 0-18 12°94 6°65 15°44 8°87 1°97 


col. 10, was calculated after an amount of carbon monoxide equivaient to the hydrogen produced 
had been subtracted from the total monoxide. The formaldehyde pressures given in Table I 
could only be obtained approximately, since rapid polymerisation occurred at the protective 
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layer of sulphuric acid in the manometer, whilst in certain cases in which the surface was par- 
ticularly active, reaction had already begun at 100°. 

The Slow Reaction.—Reaction in a new vessel, at 150° and with the pressures used, was 
almost invariably non-explosive and preceded by an induction period. Experiments with 
constant chlorine concentration and varying formaldehyde concentration show that the rate 
is materially dependent on the condition of the glass surface. The initial rate after the induction 
period (maximum rate of pressure change) increases approximately linearly with the formal- 
dehyde concentration (Fig. 2) until finally the mixture explodes. After the first series of experi- 
ments (lower curve) the vessel was washed with aqua regia, dried, and a further series of 
measurements carried out. The surface was 
now considerably more active, and the experi- 
mental rates (upper curve) were of a higher 
order. Theactivity of the surface also appeared 
to increase with the number of experiments. 
Owing to the variability of the surface factor, 4 Explosion 
therefore, and to the further complication of a 
sensitised polymerisation of the formaldehyde 
(see below), only general significance can be 
attached to these velocity measurements. 

The results of analyses of the slow reaction 
are given in Table II in terms of g.-mol. x 10“. / 
In every case, more reaction occurred than the [C2,] = 700mm. 
amount calculated from the pressure increase of o = New vessel. 
(col. 9) according to the equation on p. 1589. fo a<After treatment 
This can only be ascribed to a disappearance of ° th . 
formaldehyde due to polymerisation, a process ean TS 

yde due to poly »ap ‘ , . , 
which is generally supposed to be entirely absent 50 700 750 200 250 
at temperatures greaterthan 100°. Experiments CH,0 pressure, mm. 
were carried out, therefore, with formaldehyde 
alone; e.g., 567-0 mm. of formaldehyde decreased to 559-2 mm. in 30 mins., and 228-0 mm. 
decreased to 224-0 mm. in the same time, at 150°. Part of this decrease may be due to poly- 
merisation at the stop-cock, but there is also a definite deposition of polymeride on the wall of 
the reaction vessel itself. Visual evidence of its existence was obtained when the vessel was 
removed from the oven after a series of experiments: the glass was at first quite clear, but 
gradually a white deposit became evident, which slowly disappeared again. Since in the 
majority of the experiments, the partial pressure of formaldehyde was less than 250 mm., and 
the time of contact generally of the order of 30 mins., the maximum amount of polymerisation 
to be expected could hardly be more than 5 mm. or 0-22 x 10“ g.-mol. The discrepancy 
between COpgp., and CO caic, is about four times as great, and we are obliged to conclude that the 
polymerisation reaction is catalysed by chlorine. 


Fic. 2. 





Explosion 











TABLE II. 
Analysis of the slow reaction. 
v= 116-4 ml.; T = 150°; s/vu = 1-486. 
Reactants. Products. 


= 4 ™ 
CH,O, Total 
mm. Cl,. CH,O. Cl,. HCl. Cl,. COocrs..  COcatc.. HCl1/CO. 
227-0 4°76 10°02 0-11 9°12 4°67 4°69 3°90 1-94 
162-9 6°18 10°51 1:39 9°31 6°05 4:69 3°80 1-99 
266°6 8-89 11-77 0-22 17°30 8°87 8°52 7°53 2°03 
175°5 9°33 7°74 4:97 8°49 9-22 4:10 3°40 2°07 
100°5 9°05 4:44 6°41 5°76 9°29 2°82 2°37 2°04 
* In this experiment, v = 161-0 ml. and T = 130°. 








COcaic. is the amount of reaction corresponding to the pressure change, the foregoing equation 
being assumed to apply quantitatively. 

Whilst it is apparent from Fig. 2 that the reaction is influenced by surface variations, 
general considerations suggest that it occurs to a large extent in the homogeneous gaseous phase. 
Experimental data obtained with vessels of different surface /volume ratio are set out below. 
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Influence of surface/volume ratio, T = 150°. 
Cl,, mm. CH,O, mm. v, ml. s/v. Reaction, %. 
105°3 202-2 115°4 1-486 81-0 
101°8 203°4 77-0 8°82 76°7 
101-0 235°5 32°4 > 100-0 36°8 
The figures under col. 5 represent the percentage of the total possible reaction occurring in 
48 mins., measured as carbon monoxide. As before, the reaction was accompanied by 
polymerisation. However, after allowance had been made for the polymerisation which occurs 
in absence of chlorine, rapid in the case of the packed vessel, the ratio of sensitised polymeris- 
ation to reaction was not materially altered. Further details with regard to the polymerisation 
will be given in a forthcoming paper. 


DISCUSSION. 
The experimental results (Tables I and IT) can be attributed to the occurrence of three 
reactions : 
(1) HCHO + Cl, —> CO + 2HCl 
(2) nH-CHO —~> (HCHO), 
(3) HCHO —> CO + Hg. 


It is clear from Table I that the explosive reaction proceeds according to (1) so long as 
chlorine is in excess. Only traces of hydrogen could be detected. Any excess of formal- 
dehyde, however small, is quantitatively decomposed according to equation (3). This 
sensitised decomposition is characteristic of the explosion and does not occur in the slow 
reaction, in which no more than traces of hydrogen have ever been observed, no matter how 
large the excess of formaldehyde. On the other hand, Table II contains evidence of a 
sensitised polymerisation (2) in the slow reaction, which occurs even in the presence of 
excess of chlorine. The relative amount of this polymerisation reaction appears to increase 
with the CH,O/Cl, ratio, but further experiments are necessary before definite conclusions 
can be drawn. 

A detailed discussion of reaction mechanism would be premature at this stage, but the 
experiments in vessels having different surface/volume ratios are worthy of special con- 
sideration. First of all, since there is no increase in the rate with increasing surface, 
it can be concluded that the reaction is not essentially heterogeneous. The occurrence of 
an actual decrease in velocity with surface might be interpreted as inhibition of a chain 
reaction by the wall. The decrease, however, is scarcely greater than the variation possible 
in a single reaction vessel (Fig. 2), and the only legitimate conclusion that can be drawn is 
that the velocity is nearly independent of surface/volume ratio, but may tend to decrease 
as the surface increases. We must suppose, therefore, that the reaction takes place almost 
entirely in the gaseous phase. Nevertheless, the gradual conditioning of the surface 
which has been observed indicates that the latter plays a fundamental réle. A homo- 
geneous reaction at moderate pressures can be influenced by surface only on one condition, 
viz., that it isa chain reaction. This assumption would be in agreement with Christiansen’s 
conclusion (/oc. cit.) regarding the thermal hydrogen-chlorine reaction, which exhibits 
similar behaviour. For instance, Sirk (loc. cit.) observed that the velocity depended to 
a certain extent upon the previous history of the surface, but that no appreciable difference 
could be observed when the surface was doubled. According to these authors, the rate 
is independent of the hydrogen concentration, whereas Melander (loc. cit.) finds that it 
varies with the.first power of hydrogen concentration. At constant chlorine concentration, 
the rate of the formaldehyde-chlorine reaction appears to be directly proportional to the 
formaldehyde concentration (Fig. 2), but it will be necessary first of all to ascertain the 
precise ratio of polymerisation to reaction at every stage before further progress can be 


made in this direction. 
SUMMARY. 


Monomeric formaldehyde and chlorine react at 150° to give carbon monoxide and hydro- 
gen chloride. The explosive reaction is accompanied by light emission, and any excess 
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of formaldehyde is quantitatively decomposed to hydrogen and carbon monoxide. The 
slow interaction induces polymerisation of the formaldehyde. 


THE UNIVERSITY, LEEDs. [Received, August 11th, 1934.] 





349. Hydration of Salts with Heavy Water, and Remarks on the 
Constitution of Salt Hydrates. 


By J. N. E. Day, E. D. Hucues, C. K. INGoLp, and C. L. WILson. 


A COMPREHENSIVE treatment of the problem of the constitution of crystalline salt hydrates 
was first given by Werner (“‘ Neuere Anschauungen,”’ 1905), who attempted a hypothetical 
allocation of the water of crystallisation as between the cation and the anion. His main 
argument was to the effect that the number of water molecules in crystalline salts is often 
identical with the co-ordination number of the cation, and that deviations can usually be 
interpreted by making simple auxiliary assumptions about the hydration of anions and the 
occurrence of double water molecules. The results of this theory are well known: e.g., 
in SrCl,,6H,O the water is assumed to belong to the cation; in Li,SO,,H,O it is allocated 
to the anion; in CuSO,,5H,O four molecules are allotted to the cation and one to the anion. 

Sidgwick has developed the general thesis that the co-ordination linking of Werner is 
really a covalency ; and he has applied this conception to salt hydrates, thus achieving a 
structural theory of these substances (‘‘ Electronic Theory of Valency,” 1927). Werner’s 
allocation of the water as between the individual ions is adopted ; water bound to a cation is 
considered to be linked through oxygen, which thus assumes the oxonium condition, whilst 
water joined to an anion is regarded as being linked through hydrogen, 7.e., by the 
“hydrogen bonds ” of Latimer and Rodebush. A third mode of binding is also recognised, 
inasmuch as the water might add to the carbonyl double bond possibly present in such 
salts as sodium carbonate and potassium oxalate. The three types of linking may be 
illustrated as follows : 


| cao |” [o>s<§ oy” ae a 


(I.) Cation hydration. (II.) Anion hydration. (III.) Carbonyl hydration. 


Independently of this chemical conception, a physical theory of ion hydration has been 
evolved by Fajans (Deut. physikal. Ges., 1919, 21, 549, 709) and Born (Z. Physik, 1920, 1, 
45). This theory is not structural, but electrostatic, and is concerned, not so much with 
the electronic or protonic constitutions of the interacting species, as with their bulk 
characteristics or general molecular properties such as size, charge, dipole moment, and 
coefficient of polarisability. The essential proceeding is the calculation from these physical 
quantities of the electrostatic energy of hydration. Magnus (Z. anorg. Chem., 1922, 124, 
305) computed the energy of electrostriction by an ion of gradually increasing numbers of 
water molecules, and found that this energy became maximal for a particular number, 
depending on the size and charge of the ion; thus he achieved an electrostatic calculation 
of the co-ordination number assumed to be effective in ion hydration. Garrick (Phil. Mag., 
1930, 9, 131; 10, 76; cf. cbid., 1931, 11, 741) has extended the theory by taking account, 
not only of Coulomb, but also of non-Coulomb, forces; and thus, for a large number of 
simple ions, he has derived effective co-ordination numbers in excellent agreement with 
general chemical experience. 

These two theories illustrate respectively two alternative, opposing ideas concerning the 
condition of water in ion hydrates. According to one view the molecules may be con- 
sidered as separately bound each into its place in a rigid structure, so that the intermolecular 
cohesions which characterise ordinary water are inhibited for these molecules by reason 
of their fixed positions and fixed modes of attachment to the central ion. Alternatively, 
the water of a hydrated ion might be regarded as much like a microscopic sample of ordinary 
water, permitting, in particular, similar molecular interaction, but with this principal 
difference, viz., that upon the continually varying intermolecular forces a permanent 
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central force is superimposed. Of course, it is unnecessary exclusively to entertain either 
of these two antithetical extremes, and intermediate views are both possible and reasonable ; 
for, on the one hand, structures may vary in stability all the way from permanence to non- 
existence, and, on the other, the electrical analysis, if pursued, might reveal loci of maximal 
attraction equivalent to a more or less definite tendency towards structure. It therefore 
appears that one of the most important of the outstanding general questions concerning the 
constitution of ion hydrates relates to the extent to which water molecules, when present 
in hydrates, retain their normal properties of mutual cohesion. 

We have endeavoured to contribute to this question by a study of salt hydration with 
water containing protium and deuterium in known proportions. 

In explanation of the method employed, we shall provisionally adopt the viewpoint of 
the structural theory, according to which the hydration of an ion involves the rupture 
and formation of various chemical bonds. It is necessary to consider how the stability of 
such bonds should be changed when the protium of the water is replaced by deuterium. 

The hypothesis of Lewis and Schutz (J. Amer. Chem. Soc., 1934, 56, 493, 1002) that 
“hydrogen bonds”’ containing deuterium (H?) are more stable than those containing 
protium (H!) appears to be well grounded: the hydrogen-isotopic forms of compounds 
such as water and ammonia, which are generally believed to contain many “ hydrogen 
bonds ”’ in the liquid state, have widely different vapour pressures, whilst the isotopic 
forms of other compounds, such as hydrogen chloride and hydrogen cyanide, which can 
scarcely contain any “ hydrogen bonds,” have almost identical vapour pressures. It is 
directly clear from the vapour-pressure relations that a water molecule, in particular, 
becomes more difficult to remove from its normal liquid surroundings when its protium 
is replaced by deuterium. 

The other type of bond to be considered is the covalency of the hydroxyl group. It is 
generally recognised that, largely on account of the existence of zero-point energy (Cremer 
and Polanyi, Z. physikal. Chem., 1932, B, 19, 443; Eyring, Proc. Nat. Acad. Sci., 1933, 19, 
78), the covalency of the deuteroxyl group (O—H?) must be more stable than that of 
the protoxyl group (O—H!). From these premises it follows immediately that the three 
forms of hydration which are assumed in the structural theory of salt hydrates should, in 
general, be distinguishable from each other by differences of selectivity for light and heavy 
water. 

In the formation of cation hydrates, the hydrogen of the water plays no direct part 
(formula I), and therefore the only apparent reason for preferential selection in this case 
is one which is common to hydration in general, viz., that it is easier to extract a light water 
molecule than a heavy one from solvent water. Therefore cations, on hydration, should 
discriminate in favour of light water. 

The hydration of anions necessitates the formation of ‘‘ hydrogen bonds ”’ (formula IT). 
Therefore, as compared with cations, anions should show a relative preference for heavy 
water. 

In carbonyl hydration one hydroxyl covalency is broken whilst another is formed 
(formula ITT), so that there will be a certain balancing of the energy differences which arise 
when deuterium replaces protium. If the balancing is exact, and no other factor operates, 
the case will be like that of cation hydration; but the hydroxy] links which are formed and 
broken are differently situated (one is in an alcoholic, and the other in an aqueous, hydroxyl 
group), and therefore they could have slightly different bond-energies. Consequently, 
the balancing which results when deuterium replaces protium might be only approximate, 
and in that event the resemblance to cation hydration would be approximate also. How- 
ever, there is another important factor: in formula (III) the hydrogen is still only uni- 
covalent and the oxygen only bicovalent, so that a carbonyl hydrate, unlike a cation hydrate 
or an anion hydrate, can still form intra- or inter-molecular hydrogen bonds. It would 
certainly be expected to do so, and, if it does, the effect must tend to nullify the type of 
isotopic discrimination described as resemblance to cation hydration. 

It must be noted that the above conclusions are not affected by consideration of the 
possibility of hydrogen-ion exchange, independently of water-molecule exchange, between 
the ion hydrate and the solvent : alternative routes to an equilibrium cannot influence the 
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energy relations on which that equilibrium depends. The same statement is obviously 
true also for the equilibrium between liquid water and its vapour, where there is a notable 
isotopic discrimination. 

In reference to our results we shall make the simplifying assumption that the water 
found in any crystalline salt hydrate is a fair sample of the water associated with the ions 
of that salt just before crystallisation. It will be evident that the preceding discussion of 
the possible selectivity of various ions for light and heavy water relates essentially to this 
pre-crystalline, and thus to the crystalline, state; for, were it otherwise, account would have 
to be taken of the effect on the stability of an ion hydrate of interaction between the 
hydrate water and surrounding layers of solvent water, and particularly of the differences 
which arise when deuterium replaces protium in these outer layers: in the crystalline and 
pre-crystalline states such outer layers are absent. The real implication of this simplifying 
assumption is that any possible effect of each ion in the crystal on the isotopic selection of 
the others is neglected. Of course, some such effect may exist, but it is difficult to see on 
what general grounds. 

We have studied the hydration of all the salts mentioned in the foregoing discussion as 
illustrating possible types of hydrates, viz., strontium chloride, copper sulphate, lithium 
sulphate, sodium carbonate, and potassium oxalate. Employing specimens of water the 
deuterium contents of which corresponded to densities of more than 2000 parts per million 
above the normal, we formed the hydrates of these salts and measured the densities of the 
solvent water and of the water recovered from the crystalline hydrates and from the solu- 
tions. The density determinations (made with 3 c.c. pyknometers) were accurate to within 
+ 1 part per million, but, as noted below, the error inherent in the rest of the manipulation 
is somewhat greater than this. 

Our results are summarised in the following table, most of the headings of which are 
self-explanatory. Recorded in the last col. is what we call the “ isotopic discrimination ”’ 


(All the data relate to room temperature, except those for Na,CO,,10H,O, which refer to 0°.) 
Density 
Excess density (p.p.m.) of Total diff. 
Wt. (g.) Wt. (g.) - 5 — density (soln. 
anhydr. heavy solvent crystal solution loss, —salt), 
Salt. salt. water. water. water. water. p.p.m. ppm. IJ.D., %. 
Example from early series (illustrating effect of short atmospheric contact). 
Li,SO,,H,O 50 50 2225 2216 2216 +0 +0:00 


Final series. 





2159 2157 2154 —3 —0°14 

2154 2156 +2 +0-09 

Li,SO,,H, 2156 2157 +1 +0-05 
Na,CO,,10H,O ... 2156 2152 —4 —0'19 
K,C,0,,H,O 2159 2157 —2 —0-09 


(denoted by J.D.), which, for mixtures as dilute with respect to deuterium as those we have 
employed, is sufficiently accurately defined * as the difference between the proportions 
of deuterium in the solid and liquid phases, divided by the proportion of deuterium in one 
of them. These percentage discriminations are seen to be very small, and it is necessary 
to enquire into their possible reality. 

The preparation of the water samples with a precision equivalent to the accuracy with 
which the density determinations were carried out would require the fulfilment of the 
following conditions, inter alia: (1) Ordinary water must be removed from the salt 
to be employed until the proportion of the original water remaining does not much exceed 


* The separation coefficient for a heterogeneous equilibrium may be defined analogously to that 
for a heterogeneous process. Just as for a process we have a = [8(H")/(H")]/[6(H®*)/(H*)], where 
the parentheses denote molar isotopic quantities and the differentials refer to escape through a 
phase-boundary during a- small time-interval, so for a heterogeneous equilibrium we may write 
8 = {(H"),/(H"')s}/{[H*)4/[H")s}, where the square brackets connote molar isotopic concentrations, 
and the subscript letters indicate the phases. With 8 thus defined, our “‘ percentage discrimination ’’ 
is equal to 100(8 — 1). 

5M 
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1 part in 104. (2) The water, which after hydration is contained in the salt and the 
solution, must be separated substantially completely and purified by distillation until 
the proportion of retained salts does not amount to 1 in 10®. (3) The total quantity of 
water lost during the distillations should not amount to 1 part in 10?, because of the ease 
with which the isotopic forms of water are separated by distillation. (4) The total access 
of ordinary water during manipulation, either from the atmosphere or from incompletely 
desiccated glass surfaces, should not be of greater order than 1 part in 10*. Condition (2) 
can be satisfied with comparative ease and certainty, but conditions (1) and especially (3) 
and (4) are less easily controlled; and their incomplete fulfilment leads to diminutions of 
density which are difficult entirely to eradicate (distillation losses occur chiefly in the 
tail). However, the circumstance that these residual errors are all in the same direction 
renders the loss of density, which is obtained when the whole recovered water is compared 
with the original water, a particularly reliable measure of the over-all value of the manipu- 
lative imperfections. These density reductions, which represent loss of deuterium plus 
contamination by protium, are shown in col. 7 of the table. The example at the top illus- 
trates how much larger the losses of density were when the experimental method involved 
atmospheric exposures amounting perhaps to several tens of seconds. In col. 8 will be 
found the differences in the densities of the water recovered from the salts and from the 
solutions, and it will be seen that these differences are, on the whole, numerically smaller 
than the differences of col. 7 which we take to indicate the over-all uncertainty of the 
experiments. Furthermore, it will be appreciated that our methods were only gradually © 
evolved, and that the final series of experiments, which alone we quote in full, had many 
predecessors : in some of these we thought we observed an isotopic separation ; but with each 
technical refinement the density differences became smaller to the limits shown, and there 
is no reason to suppose that they would not continue to diminish if our methods were further 
improved. Therefore the conclusion to be drawn from the figures of col. 9 is that any 
isotopic discrimination associated with the hydration of these typical salts is not of greater 
order than 0-1%.* 

We may enquire what order of discrimination might have been expected according to 
the structural viewpoint provisionally adopted. First, regarding the essential factor of 
selection for cation hydration, viz., the more facile separation from association in the 
liquid of a light water molecule than a heavy one, a guide is available in the equilibrium 
between liquid water and its vapour. The vapour pressures of the isotopic forms are 
known (Lewis and Macdonald, J. Amer. Chem. Soc., 1933, 55, 3057), and, for low concentra- 
tions of deuterium at least, ideal mixture laws may safely be assumed : it can be calculated 
that in the neighbourhood of the ordinary temperature the isotopic discrimination amounts 
to 15%, so that we might reasonably have expected a separation of this order accompanying 
the hydration of cations. Further, if this degree of selection can be caused by the rupture 
of ‘‘ hydrogen bonds,” and if anion hydration is characterised by the formation of such 
bonds, then the discrimination shown by anions should differ from that of cations by an 
amount of at least the same order. In carbonyl hydration compensating influences are 
foreseen, so that the separation in this case might well be comparatively small. 

Our results therefore show that all the discriminatory effects above considered, if they 
exist, are negligibly small in comparison with what might have been anticipated (except 
with regard to carbonyl hydration) on the basis of an uncompromisingly structural theory ; 
and it is to be observed that the particular feature of that theory which primarily is 
responsible for these unfulfilled expectations is the implication that water molecules in 
ion-hydrate structures (carbonyl hydrates again excepted) are inhibited from mutual 
associations analogous to those in which they would engage in the state of liquid. 

What of the electrical theory? In its completely antithetical form it may be taken to 
imply that there is no appreciable inhibition of the associations of bound water molecules. 
Therefore this theory requires that in general there can be no notable isotopic discrimination 
in the formation of ion hydrates—an inference which is much more like our finding. 

Thus, if we correctly read the evidence, the conclusion would seem to be that the water 


* A preliminary report of this result was made in May (Chem. and Ind., 1934, 58, 492). 
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bound by a dissolved ion is a very fair sample of the molecular species present in ordinary 
water; that the intermolecular associations of normal water must, in bound water, be 
largely unimpaired ; and that any structure involved in the linking of hydrate water can at 
best have but a loose and evanescent character. 


EXPERIMENTAL. 


Materials.—The salts employed, purchased from the British Drug Houses, Ltd., were marked 
“pure A.R.” The “ heavy water ” was part of a batch of about 5 1., which was recovered from 
a previous research (this vol., p. 493); it had been fully purified by passage over red-hot copper 
oxide (Chem. and Ind., 1934, 58, 492) and distillation, as described below. 

Purification of Heavy Water.—Our apparatus for the treatment with copper oxide consisted 
of an iron (mild steel) tube of 13 mm. bore, the central portion (45 cm.) of which was heated to 
1000° in an electric furnace, whilst the ends were cooled with closely wound water coils. The 
copper oxide, in origin commercial wire-form oxide, had been alternately completely reduced 
with cylinder hydrogen and reoxidised with purified air until the water obtained during reduction 
was quite free from traces of chlorides, sulphides, etc. It was finally oxidised with purified air. 
The water was introduced by means of a capillary dripping-tube of glass, delivering 1 drop in 
about 3 seconds with the head which was usually maintained. Each drop falling on the hot 
metal was instantly vaporised, and the passage of the steam through the tube containing the 
oxide cooled it to an equilibrium temperature a little below 1000°. The water, together with 
any steam issuing from the other end of the iron tube, passed through a water-jacketed glass 
condenser into a receiver, the necessary rubber joint being placed in such a position as to avoid 
contact with the liquid. Any decomposition into hydrogen was imperceptible. 

The distillations, carried out in rubber-free Pyrex-glass apparatus, involved refluxing with 
acid permanganate, distilling from this reagent, distilling from sodium hydroxide introduced 
as sodium, and distilling alone, adequate “ tails ’”’ being always neglected, from which a further 
quantity of heavy water could be recovered by more complete distillation and repetition of the 
whole treatment. The criterion of purity was an unchanging density (to 1 in 10°) on complete 
distillation, and the absence of detectable traces of the reagents used from the interior of the 
empty distilling flask. 

Drying of Salts.—The difficulty of drying many hydrated salts, except by complete fusion, 
is well known; but initial fusion always led to subsequent inconvenience, and in some cases 
was impossible by reason of the limited thermal stability of the salt. The amount of light water 
contained in the salts to be employed was therefore reduced as much as possible by first roughly 
drying them for several days in a clean, electrically heated air oven at 240°, crystallising them 
from some of the heavy water with which they were finally to be hydrated, and then drying for 
some days at 250—290° over phosphoric oxide in a high vacuum. This drying was done in an 
apparatus from which the bulb containing the phosphoric oxide could-be detached by means of a 
ground joint for replacement by fresh oxide as often as was necessary. The salts were con- 
tained in a 50 c.c. bulb of Pyrex glass, the neck of which, 2 cm. in bore, had a constriction to 
1 cm. a little way below the branches leading to the pump and the phosphoric oxide. 

Hydration of Salis—The bulb was detached, and, after addition of the requisite amount of 
heavy water, was sealed at the constriction with exclusion of atmospheric moisture. It was 
heated at 100° for several hours, then kept at room temperature or at 0° for a further consider- 
able period, placed in water at the ordinary temperature, or alternatively in ice-water, contained 
in one of the cups of a centrifuge, and finally centrifuged. The tube was opened, the solution 
was poured into one of the units B (see below), whilst the residual solid was distilled directly 
into another of the same units. This transference by distillation involved the use of a rubber 
joint (unit A, below) which could be partly protected by tin-foil. From this point forward 
there were no further transferences in air or exposure to rubber, and the total exposures of the 
samples are therefore as follows: the water originally used receives exposure to air when it is 
poured on to the dry salt; the solution water is subjected to a further exposure when it is poured 
from the hydration bulb into unit B; the crystal water makes contact through its vapour with 
rubber when transferred by distillation from the hydration bulb. 

Preparation of Samples of Water.—All Pyrex-glass apparatus used in this work was cleaned 
with ordinary reagents, then with permanganate and concentrated sulphuric acid, followed by 
sulphur dioxide solution, and finally by prolonged treatment with steam. The pieces were 
dried above 200° in a clean, electrically heated oven whilst a slow stream of air dried by phos- 
phoric oxide was allowed to flow through them. A grease-free desiccator containing phosphoric 
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oxide was used for the storage of pieces, which, having been cleaned and dried, were not 
immediately required. 

The glass pieces used for the distillations are indicated in the diagram. All ground joints 
were interchangeable. A is the apparatus used for transferring the crystal water; it consists 
of a long bent tube sealed at the upper extremity, and a short bent tube with a male ground 
joint, the two tubes being jointed to the hydration bulb with tin-foil-covered rubber. B isa 
bulb which can be used either as a distilling flask or a receiver; several such bulbs were employed, 
Cooled in ice, one of these bulbs acted as receiver for the crystal water expelled from A. The 
salts in A were fused when possible, and, at the end of each distillation, the sealed tube was cut, 
and the last traces of steam were displaced with a little oxygen delivered through seasoned 
rubber (Pregl). C is a condenser with which, in conjunction with two interchangeable bulbs 
of type B, the water samples were refluxed and distilled as often as necessary; the purifying 
agents and criteria of purity are mentioned later. D is a delivery tube for the oxygen used to 
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displace the steam into the condensing system at the end of a distillation; it has a small hole in 
the position indicated by the arrow. The drying tube, E, excludes atmospheric moisture during 
the distillations. F is a female ground stopper, and G a ground plug, by means of which either 
end or both ends of the apparatus may be closed. H holds the distillate of the penultimate 
distillation, so that it becomes the distilling flask and condensing system in the final distillation. 
K is one of the series of collecting tubes in which the samples were out-gassed for use in the 
pyknometer. 

The solution.from the hydration bulb, poured as already indicated into one of the units B, 
was distilled into a second such unit, with fusion of the salt in the case of strontium chloride and 
lithium sulphate. The subsequent distillations, using two units B, and finally unit H, were 
carried out as described for the crystal water. Every effort was made to make all these distill- 
ations of water complete, and this seemed possible excepting in the case of primary distillations 
from copper sulphate, since at the ordinary pressure this salt does not lose the whole of its water 
without evolution of sulphuric acid. 

Samples were distilled until no residue remained in the distilling bulb B, the internal surface 
of which was tested for sulphate, carbonate, hydroxide, chloride, etc., if these were anticipated 
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(reagents: barium chloride, litmus, silver nitrate). If chloride was expected, a little silver 
oxide was added in advance, and the distillation was continued until freedom from silver ions 
was proved. When sulphates were present, fused barium oxide was added, and the water was 
distilled until barium and hydroxide ions were shown to be absent. All samples were refluxed 
with potassium permanganate, and distilled with this reagent after the addition of sodium. No 
reagent was added in the final distillation. 

Density Measurements.—These were made as described in our previous publication (this 
vol., p. 498)—always with 3 c.c. pyknometers in the present series of experiments—except for 
the following modification, which appreciably increased the accuracy. 

The pyknometer, instead of being hung in the thermostat, was placed in an immersed 
aluminium frame, two prongs of which supported the bottom of the U. The latter leaned back 
slightly against the polished aluminium plate of the frame, and lugs from the side of this 
kept the axis of the U in a vertical plane perpendicular to the back plate, without squeezing the 
pyknometer sufficiently to alter the internal volume. By means of other lugs the frame was 
fixed in the thermostat in such a way that the pyknometer placed in it came into the right 
position for setting. Yet another branch of the same frame held a small low-power microscope 
focused on the setting mark, which was a minute scratch made with a carborundum crystal (a 
method of marking suggested to us by Professor R. Whytlaw-Gray). Accurate setting was 
scarcely possible by hand, and the method used was to bring the meniscus to just above the mark 
as usual with paper wetted with the sample and applied to the tip, and then to employ spon- 
taneous evaporation from the tip, after removal of the paper, as a mechanism of fine adjustment. 
At the right moment, evaporation was stopped by immersion in a beaker of cooler water, and by 
the application about a second later of a rubber pad to the dry end of the pyknometer, as 
previously described. We should have explained in our previous paper that the pad must not 
be applied prior to, or exactly simultaneously with, the second immersion; for the immediate 
effect of this is to cool the glass and thus to cause a momentary apparent expansion of the 
interior liquid, so that the use of the pad at this stage would cause some of the liquid to be ejected. 
The pad is used only when the liquid begins to contract relatively to the glass. 
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350. Factors Affecting -onium Salt Formation. 
By W. Cure Davis and W. P. G. LEwis. 


THE observations described herein constitute the first comparative measurements of the 
speeds of interaction of tertiary nitrogen, phosphorus, and arsenic bases with organo- 
halides. The influence of experimental conditions and of the structure of the organo-halide 
on the formation of quaternary ammonium salts has already been investigated in detail, 
but the relative effects of change of the nitrogen base have received scant attention; Long 
(J., 1911, 99, 2164) measured the rates of interaction of several cyclic tertiary bases of 
nitrogen with organo-halides, and Thomas (J., 1913, 103, 594) considered the effect of 
various alkyl groups and of some nuclear substituents on the reactivities of the dialkyl- 
anilines with organo-halides. In the present work a study of the effect of changes of 
the positive pole-producing atom, organo-groups attached, and nuclear substituents of the 
tertiary base on its reactivity with simple alkyl halides has been undertaken : 


R,’M + R’X —> R,’R’M}X. 


EXPERIMENTAL. 
(All thermometer readings are corrected.) 

Tertiary Bases.—The amines were all carefully purified by the usual methods. The phos- 
phines and the arsine were prepared by general methods and purified by two fractional distill- 
ations under reduced pressure in an inert atmosphere. They had the following constants : 
Aryldiethylphosphines: phenyl-, b. p. 120—121°/29 mm., da?” 0-9545, nf” 1-5458, n?” — nz 
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6-0191; p-tolyl-, b. p. 113-5—114-5°/13 mm., d%” 0-9373, nj}" 1-5428, n#* — n%” 0-0176 ; p-methoxy- 
phenyl-, b. p. 1830—131°/10 mm., a” 1.0015, nji’ 1-5498, n?” — nz 0-0196; p-phenoxyphenyl., 
b. p. 199—200°/10 mm., d%° 1-0743, n?” 1-5968, n?* — n° 0-0233; p-chlorophenyl-, b. p. 129— 
130°/15 mm., d2" 1-0708, n?” 1-5603, n®” — n° 0-0192; p-bromophenyl-, b. p. 141—143°/15 mm., 
@° 1-2886, n®” 1-5821, n®” — n° 0-0212. Phenyldiethylarsine had b. p. 104°/12 mm., d? 1-1960, 
ny” 1-5630, n?” — n” 0-0197. 

The alkyl halides were distilled from phosphoric oxide and then fractionally redistilled. The 
iodides were stored over mercury. 

Fic. 1. Solvents.—The reactions were carried out in acetone, in acetone—water 
(9: 1 by vol.), and in 90% aqueous ethyl alcohol (by vol.). The acetone 
was purified by the method of Norris and Prentiss (J. Amer. Chem. Soc., 
1928, 50, 3042); it distilled within 0-05°, and had d? 0-7857, nj” 1-3598, 
ni? —n& 0-0070. 

Velocity Measurements.—The reactions were all carried out at 35° + 
0-1°. Solutions of the interactants, each of concentration 0-2 g.-mol./I., 
were made by weighing the necessary equivalent amounts of the base and 
alkyl halide into flasks graduated to contain 35 c.c. at 35°, and diluting to 
the mark with the solvent in the thermostat. Equal volumes of the two 
solutions were then transferred to the reaction flask, A (Fig. 1), of about 
80 c.c. capacity, through the ground joint F. The pipette, B, which 
possessed a male ground joint fitting the female joint F of a number of 
reaction flasks, enabled samples of the reaction mixtures to be withdrawn 
by suitable manipulation of the taps and application of slight pressure at O. 
The pipette used throughout the present measurements delivered 3-63 c.c. 
of liquid at 35° between the graduation marks. The measured sample was 
run into 20 c.c. of light petroleum, which was then repeatedly extracted 
with water. The aqueous extract was titrated against 0-025N-silver 
nitrate, with potassium chromate as indicator. 

Results.—For a complete bimolecular reaction, A + B ——> AB, k = 
x/at(a — x), where a is the initial concentration of A and B and * the 
concentration of AB formed after an interval ¢. In the present experi- 
ments, a = 0-1, and the concentration of -onium salt formed after ¢ minutes 
is x = v/40 X 3-63, where v is the volume (c.c.) of 0-025N-silver nitrate required by the 3-63 
c.c, of reaction mixture delivered from the pipette. 

Detailed results for one of the reactions are given in Table 1; the remainder are summarised 
in Table II, aqueous acetone being the solvent except where otherwise denoted. 


B 





TABLE I. 
Reaction between phenyldiethylphosphine and ethyl iodide. 
Solvent: acetone. Temp.: 35°. Initial concentrations: 1:1630 g. phosphine, 1:0917 g. halide 
diluted to 70 c.c. 

t, mins. v, C.C. x. 1002. t, mins. v, C.C. x. 100k. 
120 3 00296 3°50 465 . 0-0620 3°50 
195 ‘9 0°0406 3°51 510 ‘ 00640 3°49 
240 “45 0°0444 3°33 555 , 0°0661 3°52 
300 “4 0°0510 3°46 600 ‘ 00682 3°57 
360 ‘0 0°0551 3°41 10,500 . 0:0995 _ 

Mean 100k = 3°48. 


Generally, the mean velocity coefficient for a reaction was calculated from the coefficients 
obtained in that part of the reaction between 20% and 80% complete, but measurements were 
continued until 100% formation of -onium salt was observed. This procedure was not possible 
where the -onium’‘salt crystallised out during the course of the reaction, and also in some of the 
slowest reactions. In the latter reactions (Nos. 14, 15, 21, and 31) the bimolecular velocity 
coefficients showed a drift which may be due to the opposing reaction, e.g., CgH;NR, + R’I 
—C,H,;NR,R’}I. The reactions were not, however, pursued far enough to enable the 
equilibrium points to be determined. The velocity coefficient of the forward reaction is 
sufficiently closely indicated by the bimolecular coefficients corresponding to the early stages of 
the reaction. Another factor which may enter into these slow reactions is that of the effect of 
the prolonged contact with the solvent. 
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TABLE II. 


Reactants. Reactants. 
Alkyl No.of Mean Alkyl No. of Mean 
Base. halide. dtmtns. 100%. fo Base. halide. dtmtns. 1004. - s 


A. Substituted dimethylanilines. C. Substituted phenyldiethylphosphines. 
(Unsub.) Mel 5 2°71 1° (Unsub.) EtlI 3°48 
Ai. a 10 2°68 18* pe 3°68 
“i EtI 8 0-116 19 a 6°18 
p-Me Mel 9 7:06 20* ie 0°23 40 
0: 03—0° 006 


9 14°7 21* 

8 15°9 22* p- -Me 
No reaction 23° ,, 

3 ca. 0°006 24 

3 0°75 25* p- “OMe 
6 

3 

4 

2 

é 


0°30 26 
0°57 27* p- -OPh 
0°25 28* p-Cl 
ca. 0°55 29* p-Br 
B. Substituted diethylanilines. k x 105. D. 
14* (Unsub.) EtlI 6 7:3—1°8 30* AsPhEt, 
15 i 8 12:3—7°7 31* ae 
” 9 28-0 
* Solvent: acetone. § Solvent: alcohol—water. 
¢ In cases where the -onium salt separated out during the course of the reaction, the approximate 
percentage reaction completed when crystallisation of the salt had just commenced is given in this 
column. 
t The amine was not sufficiently soluble in the acetone—water mixture to make a solution of con- 
centration 0°2 g.-mol. /l. 


WOW ADW-1hR © 


The following salts crystallised out from the reaction mixtures when the percentage reaction 
completed had reached the values indicated in the last column of Table II. The crystals of the 
salt were collected on a filter, washed with the pure solvent from which they had crystallised, and 
dried ina vacuum. m-Nitrophenyltrimethylammonium iodide, pale yellow crystals, m. p. 187° 
(decomp.) (Found: I, 41-6. Calc. for C,H,,0,N,I: I, 41-2%), is difficultly soluble in water and 
almost insoluble in acetone. p-Chlorophenylirimethylammonium iodide, glistening leaflets, 
m. p. 200—202° (decomp.) (Found: I, 42-7. C,H,,NCII requires I, 42-7%). The methiodides 
of p-bromo- and p-iodo-dimethylaniline have m. p. 190—193° (decomp.) and 185—200° (decomp.), 
respectively. Phenyltriethylphosphonium bromide, prisms, has m. p. 187—188° (Found: Br, 
29-1. C,,Hy BrP requires Br, 29-1%). p-Phenoxyphenyliriethylphosphonium iodide forms 
columns, m. p. 181—182° (Found: I, 30-6. C,,H,,OIP requires I, 30-6%). p-Bromophenyl- 
triethylphosphonium iodide, hexagonal leaflets, has m. p. 182° (Found: I, 31-8. Calc. for 
C,.H, ,BrIP: I, 31-6%). 

Phenyltriethylphosphonium iodide, prisms, m. p. 139° (Michaelis, Annalen, 1876, 181, 356, 
gave 115°) (Found : I, 39-6. Calc. for C,,H IP: I, 39-4%), crystallised during the course of the 
reaction between ethyl iodide and phenyldiethylphosphine in acetone solution (concentrations, 
0-25 g.-mol. of each reactant per 1.). p-Methoxyphenyltrimethylammonium iodide, needles, 
m. p. 257° (Found: I, 43-3. Calc. for C,»H,,ONI: I, 43-3%), crystallised out almost immediately 
after solutions of its generators in acetone were mixed (usual concentrations). 


DISCUSSION. 


Factors operating in the Formation of -Onium Salis.—I. The positive pole-producing 
element. Variation of the central element in the phenyldiethyl bases produces a marked 


TABLE III. 
Tripheny! Reaction with p X 1018, 

base. methyl iodide. Reference. e.s.u.* 
Amine None Haeussermann, Ber., 1901, 34, 40. 0°26 
Phosphine Violent Michaelis and Gleichmann, Ber., 1882, 15, 803; Michaelis 1-45 

and von Soden, Amunalen, 1885, 229, 310. 
Arsine Reacts at 100° Michaelis, ibid., 1902, 321, 166. 1-07 
Stibine None Michaelis and Reese, ibid., 1886, 238, 53. 0°57 
Bismuthine None 0 
* Bergmann and Schutz, Z. physikal. Chem., 1932, B, 19, 401. 
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change in their reactivity with ethyl iodide (Fig. 2). The reactivity of the bases is in the 
order amine < arsine < phosphine. 

Again, Table III shows, in a qualitative manner,. that towards methyl iodide the 
phosphine has the maximum reactivity of the triphenyl bases derived from the elements of 
Group Vb. Furthermore, the reactivity of the bases follows strictly the order of their 
dipole moments, since the lower stibines do form methiodides, whereas no bismuthine is 
known to combine with methyl iodide. It may be inferred, therefore, that in these cases 
the polarisation of the bases due to the central element determines their reactivity towards 
alkyl halides. The decreasing reactivity towards alkyl halides of the organic bases, phos- 
phine to bismuthine, may be accounted for by the increasing inertness of the lone pair of 
electrons in passing from phosphorus to bismuth, since the formation of an alkiodide is 
presumably effected by the donation of the lone pair of the central atom to the alkyl 
radical of the organo-halide. The anomalous position of the tertiary amine, both in the 
velocity measurements and in the dipole moments, is striking. Moreover, examination of 
other chemical and physical properties of the Group Vd elements and their compounds 


Fic. 2. 
Reaction between phenyldiethyl bases and ethyl iodide in acetone. 
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shows that generally nitrogen is the unique element of the family, whereas the remaining 
four members form a group showing a regular gradation in properties. 

II. A. Organic radicals attached to the positive pole-producing element. If the rate of 
formation of a quaternary salt depends on the ease with which the lone pair of electrons of 
the base is transferred to the alkyl radical of the organo-halide, then, on electronic views, 
diethyl- should be more reactive than dimethyl-aniline. Since the reverse order of reactivity 
is actually found, it seems clear that the volumes of the groups under consideration, and not 
their polar effects, determine the reactivities of the compounds. On the other hand, the 
inductive effects of the alkyl groups appear to determine the strengths of the compounds as 
bases, for diethyl- is a stronger base than dimethyl-aniline. The formation of a basic 
hydroxide and of a quaternary salt depends on the co-ordination in the former case of 
hydrogen, and in the latter, of an alkyl group through the lone pair of the tertiary base. 
Therefore, explanation of the fact that the polar effects determine the strengths of the bases 
and that stereochemical effects control the reactivity of the bases in the formation of 
quaternary salts, may lie in the difference in volume between the hydrogen atom and the 
alkyl group. 

B. Nuclear substituents in the phenyldialkyl bases. Such substituents, at least in the 
m- and p-positions, are too far removed from the central atom to exhibit steric effects. 
They should, therefore, influence the reactivity of the bases according to their polar effects. 
The reactivity of the base is increased by electron-releasing groups (f-Me) and diminished 
by electron-attracting groups (f-NO,). The order of decreasing reactivities of the aryldi- 
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alkyl bases is as follows: #-phenetyl- > p-anisyl- > #-tolyl- > phenyl- > -chloro- 
phenyl- > £-bromophenyl- > #-iodophenyl- > m-nitrophenyl- > -nitrophenyl-. 

The high reactivity caused by the introduction of the f-alkoxyl group is undoubtedly 
due to the operation of its + T effect, which completely overshadows its — J effect. On 
the other hand, the introduction of the p-phenoxyl group (— J + T) (Table II, No. 27) 
causes a diminished reactivity in phenyldiethylphosphine which can be explained as 
follows: the oxygen atom in diphenyl ether is conjugated on both sides, so that the + T 
effect has to be shared over two aromatic systems, and, therefore, the electronic effects 
observed at each #-position will be weakened. 

The position of the #-halogeno-compounds as a group in the series of reactivities is 
such as would be expected from the observed effects of the #-methyl and the #-nitro-group, 
but the order of the halogens within the group, Cl > Br > I, is that of electron affinity 
of the substituents, and is therefore anomalous. The factor which is operating here in 
opposition to the inductive effect must be the electromeric effect (+ T). 

Comparison of the velocity coefficients of the nuclear-substituted phenyldialkylamines 
with those of the corresponding phosphines brings out some interesting facts. The general 
effect of the substituents in the phosphines is in the same direction as in the amines, but is 
always diminished in intensity ; for instance, the increase in reactivity due to the introduc- 
tion of a #-methyl group in the amine is almost twice as much as that due to the same 
group introduced into the phosphine. Furthermore, the decrease in reactivity due to the 
substitution of a #-chloro-group in the amine is nearly twice that in the phosphine. The 
ratio of the velocity coefficients (p-Cl substituted compound) /(é-Br substituted compound) 
is practically a constant, 1-2—1-3, whether with amine or with phosphine in any of the 
solvents employed. It also appears that the damping of the effects due to the #-methoxyl 
substituent in their transmission through the heavier phosphorus atom is greater than that 
for the p-methyl group. 

III. The organo-halide. The substitution of an alkyl radical heavier than methyl 
causes a diminution in the rate of addition of the alkyl halide to the base. The change from 
methyl to ethyl produces a much greater diminution than a change from any other radical 
to the next higher one. The relative effects of changing the alkyl halide from one with 
methyl to one with ethyl seem to be nearly the same with different bases. The conclusion 
of Preston and Jones (J., 1912, 101, 1930), that the relative reactivities of organo-halides 
with bases (nitrogen bases, ethyl sodioacetoacetate, and sodium ethoxide) are in the main 
independent of the base, is thus supported. Finally, iodides are more reactive than 
bromides. 

Mechanism of -onium Salt Formation.—With the experimental evidence now made 
available, Baker’s mechanism (J., 1932, 1148, 2361; 1933, 1128) for the interaction between 
benzyl or phenacyl halides and pyridine may be extended to deal generally with -onium 
salt formation. The formation of an -onium salt involves two stages : (a) the anionisation 
of the halogen atom of the organo-halide, and (b) the co-ordination of the base by means of 
its lone pair to the methylene group of the organo-halide : 


Hal x 
a b 
CH <— ‘A-C,H,yR’ 


R 


Considering first the base, it is clear that the most reactive will be that possessing the 
greatest ease of donating its lone pair of electrons. Amongst the bases of the Group Vd 
elements, this will be the phosphine (cf. Table III, dipole moments). Although the effects 
of radicals X immediately attached to the central atom are largely steric, where the polar 
substituent, R’, is situated at a sufficiently large distance from the central atom, the 
reactivity of the base is increased by electron-releasing and decreased by electron-attracting 
groups. This is to be expected, since any flux of electrons from radicals attached to the 
central atom towards the lone pair should facilitate stage (b). Moreover, as has been found, 
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the intensity of the polar effects should be lessened by an increase in the weight of the central 
atom. 

The reactivity of the alkyl halides towards the tertiary bases is in the order CH, > 
C,H, > (CH,),C, and bromoacetic acid is more reactive towards pyridine than -propyl 
bromide (Clark, J., 1910, 97,416). Therefore, in the present cases, (6) must be the principal 
rate-determining stage, since an electron-attracting group R in the alkyl halide, causing an 
electron deficiency around the methylene group, assists stage (b), even though it tends to 
retard stage (a). 

The application of the mechanism to the influence of the halogen atom of the alkyl 
halide has been considered by Baker. 


The authors thank the Chemical Society for a grant. 
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351. Hxperiments on the Synthesis of Anthocyanins. Part XXIII. 
Glucosides of Petunidin Chloride. 


By (Miss) J. C. BELL and RoBERT ROBINSON. 


THE 3-monoglucosides and the 3 : 5-diglucosides of six of the seven anthocyanidins having 
been synthetically prepared, we were desirous of completing the series by the preparation 
of the corresponding petunidin derivatives. The intermediates are not readily accessible, 
but we have obtained the pure 3-monoglucoside and a specimen of the diglucoside con- 
taminated with inorganic salts only. It is probable that this substance will prove to be 
identical with petunin which Willstatter and Burdick (Amnalen, 1917, 412, 217) isolated 
from a special variety of Petunia hybrids, and when a suitable opportunity offers, the 
synthesis and the isolation from the natural sources will be repeated; both are very 
laborious and in the meantime we can place on record certain characteristic properties of 
the diglucoside which are not affected by its content of inorganic matter. 

Petunidin 3-monoglucoside has not been isolated in substance from natural sources, 
but there is reason to suppose that it is one of the anthocyanins of the bilberry, and the 
pigments of the purplish berries of Berberis Darwinit and of B. stenophylla appear to 
consist largely of this colouring matter (Robinson and Robinson, Biochem. J., 1932, 26, 
1647). 

For the first component in the syntheses we have employed the known phloroglucin- 
aldehyde derivatives, i.e., 2-O-benzoylphloroglucinaldehyde for the monoglucoside and 
2-0-tetra-acetyl-8-glucosidylphloroglucinaldehyde for the diglucoside. 

The second component was made by a method similar to that which proved successful 
in the delphinidin series (see Reynolds and Robinson, this vol., p. 1039). «-Diazo-3- 
methoxy-4 : 5-diacetoxyacetophenone (Bradley, Robinson, and Schwarzenbach, J., 1930, 
812) was converted by aqueous formic acid under narrowly defined conditions into 
w-hydroxy-3-methoxy-4 : 5-diacetoxyacetophenone, (AcO),(MeO)C,H,°CO-CH,,OH (I), a 
process first carried out by Miss T. M. Reynolds. The carbinol was tetra-acetylglucosidated 
in the usual manner to the intermediate of the formula 

(AcO),(MeO)C,H,°CO-CH,°0-C,H,O(OAc), (II). 
The coupling to flavylium salt was effected in ethyl acetate solution and the acetylated 
products were hydrolysed by means of methyl-alcoholic barium hydroxide and regenerated 
by treatment with sulphuric and hydrochloric acids. The monoglucoside (III) was purified 
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through the picrate; as already stated, the diglucoside (IV) could not be separated from 
inorganic substances in view of the small amount available. 


EXPERIMENTAL. 
w-Hydroxy-3-methoxy-4 : 5-diacetoxyacetophenone (1).—w-Diazo-3-methoxy-4 : 5-diacetoxy- 
acetophenone (6 g.) (Bradley, Robinson, and Schwarzenbach, /oc. cit.), mixed with 50% formic 
acid (33 c.c.), was heated on the steam-bath for 10 minutes; evolution of nitrogen was rapid at 
first. An equal volume of water was added, and the hot solution filtered and neutralised with 
potassium carbonate. The semi-solid mass which separated was taken up in chloroform, the 
extract dried, and the solvent removed in a vacuum; the syrupy residue crystallised from 
alcohol in colourless needles, m. p. 83—84° (yield, 4 g. or 70%) (Found: C, 55-2; H, 5-2. 
C,3H,,0, requires C, 55-3; H, 5-0%). When this substance was crystallised 4 times from 
benzene (m. p. raised to 86—87°) it retained 0-5H,O (Found: C, 53-8; H, 5-3; MeO, 10-4; 
loss ina vacuum at 160°, 2-0. C,,;H,,0,,0-5H,O requires C, 53-6; H, 5-2; MeO, 10-7; 0-5H,O, 
31%). This carbinol had little action on Fehling’s solution in the cold, probably owing to its 
sparing solubility in water, but reduction occurred on heating. 
w-O-Tetra-acetyl-B-glucosidoxy-3-methoxy-4 : 5-diacetoxyacetophenone (II).—w-Hydroxy-3- 
methoxy-4 : 5-diacetoxyacetophenone (3-2 g.) and 


‘ ; Fic. 1. 
tetra-acetylglucosidyl bromide (7 g.) (compare Sr is F 
Freudenberg, Ber., 1927, 60, 241, for the prepar-  D#S#r#bution of — S-monogiucoside 


ation) were mixed with dry benzene (20 c.c.) and 
heated to 40°. Dry silver carbonate (9 g.) was 
added to the solution ; a reaction then supervened, 
accompanied by a rise of temperature and evolution 
of carbon dioxide. The mixture was shaken for 
30 minutes, filtered through kieselguhr, and light 
petroleum added to the filtrate. The semi-solid 
white syrup which was precipitated was washed 
with hot and then with cold water and purified by 
solution in warm methyl alcohol (4 c.c.) and pre- 
cipitation with water with cooling in ice. This 3 
process was repeated until the glucoside crystallised 4 
in colourless prisms, m. p. 67—69° after softening Ry 
at 60° (yield, 2-2 g. or 32%) (Found in material 
dried in a vacuum over phosphoric oxide: C, 52-5; 
H, 5-1. C,,H;,0,, requires C, 52-9; H, 5-2%). 

3-O-Glucosidylpetunidin Chloride (III).—A 
solution of tetra-acetylglucosidylmethoxydi-acet- 
oxyacetophenone (2-2 g.) and 2-O-benzoylphloro- 
glucinaldehyde (2-2 g.) in dry ethyl acetate (44 
c.c.) was saturated with hydrogen chloride at 0°, 
protected from access of moisture, and kept in the 
ice-chest for 72 hours. The deep red liquid was 
added to dry ether (250 c.c.) and the red solid 
which was precipitated was collected and washed log C4: 
with ether. In a vacuum desiccator over phos- 
phoric oxide. and sodium hydroxide it became deeper red in colour and appeared to be 
crystalline (yield, 1 g. or 32%). 

This benzoylhexa-acetylpetunidin monoglucoside chloride (1 g.) was dissolved in 1% 
methyl-alcoholic hydrogen chloride (10 c.c.); air was displaced by hydrogen and anhydrous 
conditions were maintained. A solution of anhydrous barium hydroxide in absolute methyl 
alcohol (60 c.c.) was gradually added and a slow stream of hydrogen passed for 6 hours. Suf- 
ficient methyl-alcoholic sulphuric acid to neutralise the barium hydroxide was then added, and 
the mixture shaken for 10 minutes in order to facilitate the deposition of the precipitated barium 
sulphate before centrifuging. The supernatant liquid from the latter process was filtered and an 
equal volume of cold saturated aqueous picric acid was added to the filtrate. The anthocyanin 
picrate separated after keeping for 12 hours in the ice-chest; it was collected and washed with 
ether, which removed a little picric acid to a yellow solution, showing that the product was free 
from anthocyanidin. It was crystallised by solution in hot alcohol and addition of hot aqueous 
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picric acid; on cooling, the picrate gradually separated as bright red, slender needles (yield, 
0-4 g. or 74%). 

The picrate (0-1 g.) was dissolved in a little 4% methyl-alcoholic hydrogen chloride, and an 
amorphous chloride separated by the addition of ether; this was collected, washed with dry 
ether, and found to be free from anthocyanidin (yield, 60 mg. or 82%). The crude chloride 
was dissolved in cold 1% methyl-alcoholic hydrogen chloride, and the acid concentration 
increased to about 4%. After keeping for 2 days in the ice-chest, very dark prisms with a 
dark green metallic lustre had separated [Found in air-dried material : C, 42-9; H, 5-3; Cl, 5-2. 
Found after drying in a desiccator (loss, 1-5): C, 44-5; H, 5-3; Cl, 6-3. C,,H,,0,,C1,5-5H,O 
requires C, 43-0; H, 5-5; Cl, 58%. CggH,,0,,Cl,4-5H,O requires C, 44-3; H, 5-4; Cl, 6-0; loss 
from 5-5H,O to 4-5H,O, 1-8%. Loss on further drying at 110° in a high vacuum over phos- 
phoric oxide, 12-8. Found in anhydrous material: C, 51-1; H, 4-5; Cl, 6-9. C,,H,,0,,Cl 
requires C, 51-3; H, 4-5; Cl, 7-0%]. 

The crystals are dark red by transmitted light under the microscope and give a violet smear 
on paper. The solution in aqueous hydrochloric acid is brownish-red, becoming bluish-red on 
dilution with alcohol. The violet solution in aqueous sodium acetate is rapidly decolorised 


Fic, 2. 
Absorption spectrum of petunidin monoglucoside chloride. 
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with formation of the pseudo-base and the rich blue solution, with violet tinge, in aqueous 
sodium carbonate becomes pure blue on the addition of sodium hydroxide. 

The Distribution Number.—The distribution of petunidin monoglucoside chloride between 
0-5% aqueous hydrochloric acid and isoamyl] alcohol, mutually saturated, was determined by 
the standard method at several concentrations. When the log. of the concentration in the 
isoamy] alcohol was plotted against the log. of the concentration in the aqueous layer, the points 
lay on a straight line (Fig. 1) and the ratio of the square of the concentration in the isoamy! 
alcohol to that in the hydrochloric acid was approximately constant. 


Concentration 
in mg. .. in g.-mols. x 10-6. D. Log Cy. Log Caa. 
7°484 11°40 8°34 10191 1:9778 8° 
5°674 8°64 9°83 0°8915 1:9289 9 
4°365 , 10°79 0°7731 1°8558 8: 
3°310 . 11-98 0°6474 1-7809 8: 
2-488 | 13°72 0°5159 1-7169 8: 
1°891 ° 15°67 0°3856 1°6538 8°36 


The absorption of light in the visible region was measured (Fig. 2) ina 0-1% methyl-alcoholic 
hydrogen chloride solution (1-05 mg. of the hydrated salt in 100 c.c.). 
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The colour reactions of a solution of the pigment (6-00 mg.) in ethyl alcohol (25 c.c.) were 
examined in buffered solutions of graded pg (Robertson and Robinson, Biochem. J., 1929, 23, 
35). (1) Rose; (3) slightly bluer rose; (5) reddish-violet; (7) duller reddish-violet; (9) plum 
colour; (11) plum colour; (13) blue-violet; (15) violet-blue; (16) blue; (17) greenish-blue. 
After 10 minutes: (1) Rose; (3) pale violet-pink; (5) reddish-violet; (7) plum colour; (9), (11) 
redder than (7); (13), (15) slatey violet; (16) duller violet; (17) pale violet-grey. After 1} 
hours : (1) Rose; (3) pale violet-pink; (5) violet; (7) reddish-violet, dull; (9) paler and redder ; 
(11) the same as (9); (13)—(16) pale greyish-red; (17) pale orange-red. After 24 hours: (1) 
Rose; (3) pinkish violet; (5) violet; (7) dull violet; (9) plum colour; (11) duller than (9) ; 
(13)—(16) pinkish yellow; (17) pale, slightly orange-yellow. 

1-Hydroxy-3 : 5-di-(O-tetra-acetyl-B-glucosidoxy)-3'-methoxy-4' : 5'-diacetoxyflavylium Chloride. 
—A solution of tetra-acetylglucosidoxymethoxydiacetoxyacetophenone (1-3 g.) and 2-O-tetra- 
acetyl-8-glucosidylphloroglucinaldehyde (1 g.) (Robinson and Todd, J., 1932, 2299) in dry 
ethyl acetate (18 c.c.), cooled in ice-water, was saturated with dry hydrogen chloride 
under anhydrous conditions and kept in the ice-chest for 3 days. The dark red solution was 
poured into dry ether (200 c.c.) and the bright red precipitated solid was collected, washed with 
dry ether, and dried in a vacuum desiccator over phosphoric oxide and sodium hydroxide 
(yield, 1-4 g. or 60%) (Found: C, 50-8; H, 4-9. C,y,H,;,0,,Cl,HCl requires C, 50-8; H, 48%). 
This salt dissolves in aqueous sodium carbonate to a pure blue solution, gradually fading to a 
greenish-yellow ; the red colour was restored on acidification. 

Petunidin 3 : 5-Diglucoside Chloride (I1V).—The foregoing chloride (1-3 g.) was dissolved in 
0-5% methyl-alcoholic hydrogen chloride (10 c.c.) and a stream of hydrogen was passed through 
the flask, which was cooled in ice-water. A solution of anhydrous barium hydroxide in dry 
methyl alcohol (80 c.c.) was gradually introduced and hydrogen was slowly passed for 6 hours. 
Sufficient methyl-alcoholic sulphuric acid was added to precipitate all the barium as sulphate, 
the solution was shaken vigorously for 10 minutes, and next day centrifuged, and the super- 
natant liquid filtered into ether, which precipitated the anthocyanin. The precipitate was 
collected, washed with dry ether, and dried in a vacuum desiccator, but was found to contain 
a barium compound in spite of the precipitation as sulphate. 

Many attempts were made to free the anthocyanin from barium, and the method finally 
adopted was dissolution in absolute ethyl alcohol to which a trace of hydrogen chloride had 
been added, filtration, and concentration at the room temperature in a high vacuum; the 
petunidin 3: 5-diglucoside then separated. After keeping in the ice-chest for some hours, the 
anthocyanin was collected and washed with a little cold 2% ethyl-alcoholic hydrogen chloride ; 
it was microcrystalline but hygroscopic. 

The chloride was dissolved in 0-5% aqueous hydrochloric acid, and the acid concentration 
increased in the cold to 2%. After the solution had been kept for some time and concentrated 
in a vacuum desiccator, the anthocyanin did not separate; accordingly an equal volume of 
n-propyl alcohol was added, precipitating a small quantity of a hygroscopic chloride, and when 
this had been twice triturated with alcohol and the alcohol concentrated, the substance was 
obtained in a crystalline condition as dark, black violet prisms. Addition of ethyl alcohol to 
the mother-liquor precipitated more of the anthocyanin and this was obtained crystalline by 
the same treatment. 

To our great surprise, analysis of this substance indicated the presence of a large proportion 
of inorganic impurity, which must be barium in some form, possibly in a co-ordinated complex, 
possibly in a colloidal state. The actual value found for the content of carbon was 28-1%. 
If all the organic material present is petunidin diglucoside chloride (calc.: C, 49-7%), this 
would correspond to an anthocyanin content of 56-5%. On this basis the required percentage 
of methoxy] is 2-56, the value found was 2-50. Since, therefore, we find the expected carbon/ 
methoxyl ratio, we consider that the organic constituent is essentially petunidin chloride 
diglucoside. 

Colour Reactions in Solutions of Graded py.—A solution of the pigment in 0-5% aqueous 
hydrochloric acid (about 5 mg. in 25 c.c.) was used, the method and solutions being the same 
as those previously described. This specimen of the anthocyanin contained a trace of a 
xanthylium salt as an impurity, as shown by the faint greenish fluorescence of a solution in 
aqueous sodium carbonate. 

Colours on mixing: (1) Rose; (3) slightly redder, fading; (5) reddish-purple, fading ; 
(7) violet; (9), (11) bluer violet; (13), (15) violet-blue; (16) the same, going greener; (17) 
greenish-blue. After 14 hours: (1) Yellowish-rose; (3) paler; (5), (7) very pale yellowish- 
pink; (9) pale blue-violet; (11) blue-violet; (13) greenish-blue; (15) paler; (16), (17) yellow. 
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After 18 hours: (1) Yellowish-rose; (3) paler; (5), (7) very pale yellowish-pink; (9) pale 
greyish-blue; (11) bluer and darker; (13)—(16) pale pinkish-yellow; (17) yellow. 

The solution in aqueous sodium acetate is blue with violet tinge and in aqueous sodium 
carbonate, pure greenish-blue; addition of sodium hydroxide causes rapid decomposition to a 
yellow solution. 

Absorption Spectrum.—The specimen used was part of that which was analysed, so the 
concentration of anthocyanin can be calculated. The amount necessary to give a solution of 


Fic. 3. 
Absorption spectrum of petunidin 3 : 5-diglucoside chloride. 
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1-1 mg. of the pure anthocyanin in 100 c.c. of 0-1% methyl-alcoholic hydrogen chloride was 
used (Fig. 3). 

The distribution number was determined, using mutually saturated n-butyl alcohol and 
0-5% aqueous hydrochloric acid. Under conditions equivalent to 3-5 mg. of the pure antho- 
cyanin in 50 c.c. of the mixed solvents the distribution number found was 13-6. This result 
serves to confirm our view of the nature of the specimen, for it is comparable with the values 
14-6 and 11-7 for cyanin and delphin respectively (Robinson and Todd, J., 1932, 2488; Reynolds, 
Robinson, and Scott-Moncrieff, this vol., p. 1235). 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, August 9th, 1934.] 





352. Experiments on the Synthesis of Anthocyanins. Part XXIV. 
Cyanidin 3-Biosides and a Synthesis of Mecocyanin. 


By (Miss) K. E. Grove, (the late) MoroTaro INuBUSE, and ROBERT ROBINSON. 


MECOCYANIN, a diglucoside of cyanidin isolated by Willstatter and Weil (Annalen, 1917, 
412, 231) from the red flowers of Papaver Rhoeas L., has been regarded as a cyanidin 
3-bioside (Pratt and Robinson, J., 1925, 127, 1129; Robertson and Robinson, J., 1927, 
2198) as the result of a comparison of its colour reaction with those of related synthetic 
flavylium salts. “It yields chrysanthemin chloride on part hydrolysis, and the synthesis of 
this monoglucoside (Murakami, Robertson, and Robinson, J., 1931, 2665) made it certain 
that the diglucoside must be a 3-bioside or a 3: 7- or 3 : 5-diglucoside (positions 3’ and 4’ 
cannot be substituted, because the iron reaction is positive and characteristic). Recently 
the 3 : 5-diglucoside and the 3 : 7-diglucoside of cyanidin have been synthesised and shown 
to differ from mecocyanin. By the exclusion of alternatives, therefore, this colouring 
matter, representative of a large group, has been proved to be a cyanidin 3-bioside. There 
was no hint, however, of the nature of the biose except from analogy with plant products 
of very different chemical character. 
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We decided to attack the problem synthetically and have succeeded in applying the 
methods developed in this series of investigations to the preparation of the 3-lactoside, 
3-maltoside, 3-cellobioside and 3-gentiobioside of cyanidin chloride (I). These salts differ 


Cl OH 


a 
HO, °\—< oH AcO/” \CO-CH,*0-C19H ,404(OAc), 
O AcO! 


(I.) : 
H Cy2H21019 (II.) 


from one another in their distribution between n-butyl alcohol and equilibrated 0-5% 
hydrochloric acid and this test indicated that mecocyanin is cyanidin 3-gentiobioside. A 
careful comparison of the salts confirmed this identification. 

The second components of the type (II), which were condensed with O-benzoylphloro- 
glucinaldehyde and later hydrolysed, could not be obtained anhydrous without decom- 
position. The substances retained water tenaciously, but this did not give rise to hydrolysis 
in the course of the condensations to an irretrievable extent. More or less of the mono- 
glucoside was, however, obtained in each case. 


EXPERIMENTAL. 


w-O-Hepta-acetylcellobiosidoxy-3 : 4-diacetoxyacetophenone.—The cellobiose octa-acetate used 
in the preparation of the hepta-acetyl bromide (Zemplén, Csiirés, and Bruckner, Ber., 1928, 61, 
927) was prepared from filter paper by the method of Haworth and Hirst (J., 1921, 119, 197). 

Hepta-acetylcellobiosidyl bromide (8-5 g.) was added to a solution of w-hydroxy-3 : 4-di- 
acetoxyacetophenone (2-0 g.) (Murakami, Robertson, and Robinson, Joc. cit.; Grove and 
Robinson, J., 1931, 2722) in benzene (75c.c.), and the mixture heated to 65° before silver carbon- 
ate (5-0 g.) was introduced. A vigorous evolution of carbon dioxide occurred and the mixture 
was kept at 65—70° for 30 minutes and then at 78—80° for 15 minutes. The cellobioside was 
precipitated as a gum from the filtered mixture by the addition of light petroleum and the 
precipitate was washed well with hot water and purified by repeated precipitation from methyl- 
alcoholic solution by the addition of water. The product was a white solid, not definitely 
crystalline (yield, 2-0 g.) (Found : C, 50-8; H, 5-4. C,,H,,O,3,1-5H,O requires C, 50-8; H, 5-5%). 

3-O-Cellobiosidylcyanidin Chloride.—A solutionof hepta-acetylcellobiosidoxydiacetoxyaceto- 
phenone (2-0 g.) and 2-O-benzoylphloroglucinaldehyde (1-5 g.) in dry ethyl acetate (75 c.c.) 
was protected from the access of moisture, saturated with dry hydrogen chloride at 0°, and kept 
in the ice-chest for 48 hours. The dark red solution was then filtered from a small precipitate 
of benzoylphloroglucinaldehyde, and the product precipitated as a dark red, amorphous powder 
by the addition of dry ether (yield, 2-0 g.) (Found: C, 49-1; H, 5-4; Cl, 5-2. C,,H,,0,,Cl,4H,O 
requires C, 49-6; H, 5-2; Cl, 4-4%). This and similar analyses are only quoted as providing 
indications of composition, but it is apparent that the crude product consists essentially of 
hydrated 3-cellobiosidoxy-7 : 3’ : 4'-trihydroxy-5-benzoyloxyflavylium chloride, in which a part of 
the water is replaced by hydrogen chloride; the degree of de-acetylation is uncertain. 

The crude salt (2-0 g.) dissolved in 8% sodium hydroxide (25 c.c.) in the cold in an atmosphere 
of nitrogen to a violet solution, which became greenish-brown and finally almost black. After 
being kept for 3 hours at room temperature, the solution was acidified with 7% hydrochloric acid 
(36 c.c.) and heated to 60° on a steam-bath to complete the formation of the oxonium salt. The 
cooled filtered solution could not be precipitated with picric acid, picrolonic acid, perchloric 
acid, or flavianic acid. A precipitate was obtained with potassium ferrocyanide, but this was 
not found to afford a satisfactory method of purification. The solution was evaporated to dry- 
ness in a vacuum desiccator, the residue extracted with absolute methyl alcohol, and the salt 
precipitated from the acidified solution by the addition of dry ether, as a dark red, amorphous 
powder. After a rather long interval (in which deterioration probably occurred) this material 
was found to contain monoglucoside; it was dissolved in 1% hydrochloric acid and extracted 
twice with n-butyl alcohol and then fifteen times with twice its volume of isoamy] alcohol, the 
original volume being maintained by the addition of 1% hydrochloric acid. The dark red 
solution was then mixed with acetic acid (3 volumes), and the salt precipitated by means of 
ether; the syrupy deposit was dissolved in 0-1% methyl-alcoholic hydrogen chloride and again 
precipitated with ether in a solid form. The salt then crystallised from 2% ethyl-alcoholic 
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hydrogen chloride in dark red needles with a green reflex (Found: C, 45-1; H, 5-2; Cl, 5-2. 
C,,7H ;,0,,Cl,4H,O requires C, 45-1; H, 5-4; Cl, 5-0%). On drying at 110° in a high vacuum 
over phosphoric oxide, the salt lost hydrogen chloride as well as water. 

The properties of this salt were closely similar to those of the other cyanidin 3-biosides. 
Thus in buffered solution of graded pg the reactions were identical with those of pure mecocyanin 
already recorded by Robertson and Robinson (Biochem. J., 1929, 23, 35); a direct comparison 
was made. 

The distribution number for equilibrated »-butyl alcohol and 0-5% hydrochloric acid was 
found to be 10-9, 10-8 for 3-2 mg. of the pigment in 50 c.c. of the mixed solvents (compare 
Robinson and Todd, J., 1932, 2296, 2492). 

The ferrocyanide crystallises from aqueous solutions in microscopic needles but no other 
sparingly soluble salt could be obtained. 

w-O-Hepta-acetyl-lactosidyloxy-3 : 4-diacetoxyacetophenone.—The quantities used were: silver 
carbonate (10 g.), w-hydroxydiacetoxyacetophenone (3 g.), hepta-acetyl-lactosidy] bromide 
(9-9 g.) (E. Fischer and H. Fischer, Ber., 1910, 43, 2521), and dry benzene (40 c.c.). After the 
first period at 60° the mixture was refluxed for 30 minutes. The working-up was like that of the 
cellobioside, but ultimately the derivative crystallised from benzene-light petroleum in colour- 
less needles (3-5 g.), m. p. 78—80°, very sparingly soluble in ether and light petroleum but 
readily soluble in benzene and alcohol (Found: C, 51-7; H, 5-3. C3,H,,0.3,0-5H,O requires 
C, 51-8; H, 5-2%). 

3-O-Lactosidyicyanidin Chloride.—The quantities used were: O-benzoylphloroglucinaldehyde 
(1-3 g.), the above lactoside (2-6 g.), dry ethyl acetate (30 g.), and the solution saturated at 0° 
with hydrogen chloride was kept for 3 days in the ice-chest (product precipitated by ether, 
2-4 g.) (Found: C, 49-8; H, 5-4; Cl, 5-0%). This again indicates de-acetylation, hydration, 
and a slight extra content of hydrogen chloride. The crude product (2-0 g.) was added to 
aqueous baryta (60 c.c. of ca. 3% and of known titre with respect to N-sulphuric acid) and kept 
under hydrogen at room temperature for 24 hours. The barium was then exactly precipitated 
with sulphuric acid, and the filtered solution concentrated in a vacuum at 40°. The residue was 
crystallised from 2% alcoholic hydrogen chloride (yield, 1-2 g.) and was then free from mono- 
glucoside. The microscopic, dark red needles were rather more clear-cut than those of the 
cellobioside and maltoside (Found: C, 47-9; H, 5-3; Cl, 5-3; loss at 110° in a high vacuum 
over phosphoric oxide, 3-5. C,,H;,0,,Cl,1-5H,O requires C, 48-1; H, 5-2; Cl, 5-3; 1-5H,O, 
4-0%. Found in anhydrous material: C, 50-2; H, 5-0; Cl, 5-7. C,,H3,0,,Cl requires C, 50-1; 
H, 4-8; Cl, 5-5%). The ferrocyanide is precipitated from aqueous solution, but other salts are 
readily soluble. _ The colour reactions were identical with those of mecocyanin as shown by a 
series of direct comparisons. 

The distribution number was found to be 20-7 (n-butyl alcohol—0-5% hydrochloric acid ; 
3-0 mg. in 50 c.c. of the mixed solvents) and almost zero for isoamy] alcohol. 

w-O-Hepta-acetylmaltosidyloxy-3 : 4-diacetoxyacetophenone.—This was. prepared like the 
acetylated lactoside by substituting O-hepta-acetylmaltosidyl bromide (9-9 g.) (Fischer and 
Armstrong, Ber., 1902, 35, 3153) for the lactose derivative ; the product (yield of pure substance, 
2-5 g.) crystallised eventually from aqueous alcohol in colourless needles, m. p. 88° (Found : 
C, 51-6; H, 5-1. C3,H,,0,3,0-5H,O requires C, 51-8; H, 5-2%). 

3-O-Maltosidylcyanidin Chloride.—This salt was prepared in the same way as the lactoside 
(Found in the crude condensation product : C, 52-1; H, 4-0; Cl, 4-9. Diacetate, 1H,O requires 
C, 52-1; H, 5-0; Cl, 43%). 

The hydrolysed salt (from the evaporation in a vacuum at 40°) was too soluble in ethyl- 
alcoholic hydrogen chloride for successful crystallisation, but it separated from 1% propyl- 
alcoholic hydrogen chloride containing 5% of isopropyl ether in short prismatic needles, black in 
mass but deep brown-red by transmitted light. Satisfactory analytical results from the air- 
dried material could not be obtained and when dried at 110° the salt lost hydrogen chloride. 
Ultimately it was dried at 50° in a vacuum for 2 hours, and then to constant weight at 105° in 
a high vacuum over phosphoric oxide (Found: C, 50-3, 50-2; H, 4-9, 5-0; Cl, 5-4, 5-5. 
C,,H ,0,,Cl requires C, 50-1; H, 4-8; Cl, 55%). The colour reactions of this salt were found 
on comparison to be identical with those of mecocyanin. 

The distribution number (n-butyl alcohol-0-5% hydrochloric acid, 3-1 mg. in 50 c.c.) was 
found to be 19-0. 

w-O-Hepta-acetylgentiobiosidyloxy-3 : 4-diacetoxyacetophenone.—The method was again the 
same as that for the lactoside, but O-hepta-acetylgentiobiosidy] bromide (9-9 g.) was used 
(compare Bergmann and Freudenberg, Ber., 1929, 62, 2785; Zemplén, Ber., 1924, 57, 702). 
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The product crystallised from benzene-light petroleum in colourless needles (3-0 g.), m. p. 
70—72° (Found : C, 51-8; H, 5-4. C3,H,,O.3,0-5H,O requires C, 51-8; H, 5:2%). 

3-O-Gentiobiosidylcyanidin Chloride (Mecocyanin Chloride).—The preparation was carried 
out exactly as in the case of the lactoside (Found in crude condensation product: C, 51-1; 
H, 5-1; Cl, 5-3%). After the hydrolysis and evaporation in a vacuum at 40° the product 
crystallised from 2% ethyl-alcoholic hydrogen chloride in microscopic, dark red needles 
exhibiting a green reflex (Found : C, 45-7; H, 5-5; Cl, 5-2; loss at 110° in a high vacuum over 
phosphoric oxide, 8-9. C,,H3,0,,Cl,3-5H,O requires C, 45-7; H, 5-4; Cl, 5-0; 3-5H,O, 
8-3%. Found in anhydrous material: C, 50-2; H, 5-0; Cl, 5-6. C,;H3,0,,Cl requires C, 50-1; 
H, 4:8; Cl, 5-5%). 

Absorption spectra of natural and synthetic mecocyanin chloride. 
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The distribution number using »-butyl alcohol and 0-5% hydrochloricacid under the standard 
conditions (3-0 mg. in 50 c.c. of mixed equilibrated solvents) was found to be 17-0, 17-0, 16-9. 

A fine specimen of mecocyanin chloride was kindly supplied by Geheimrath Professor Will- 
statter,and thiscrystallised from 2% ethyl-alcoholic hydrogen chlorideindark red needles witha 
green reflex, microscopically indistinguishable from those of the gentiobioside (Found : C, 45-7; 
H, 5-6; Cl, 5-1%). The distribution number (n-butyl alcohol—0-5% hydrochloric acid) was 
found to be 16-7, 16-7, 16°8. The colour reactions in solutions of graded pg of the natural and 
synthetic specimens were absolutely identical at every stage during 48 hours. Miss J. C. Bell 
kindly compared the absorption spectra of the specimens (Fig.). A saturated solution of 
mecocyanin chloride in 2% ethyl-alcoholic hydrogen chloride rapidly dissolved traces of the 
lactoside, cellobioside, or maltoside but did not dissolve a trace of the gentiobioside. 

The cellobioside and the maltoside are much more difficult to crystallise than are the 
lactoside and the gentiobioside, the habit of crystallisation of which is the same as that of 
mecocyanin; there is, of course, no possibility that mecocyanin, proved to be a diglucoside, 
can be the lactoside. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, August 9th, 1934.j 





353. LHxperimenis on the Synthesis of Anthocyanins. Part XXV. 
Pelargonidin 3-Galactoside. 


By P. V. Narr and ROBERT ROBINSON. 


PELARGONIDIN 3-saccharides are widely distributed anthocyanins having similar colour 
reactions but distinguished by their ratios of distribution between isoamyl alcohol and 
dilute hydrochloric acid. As the result of qualitative tests it has been found that the 
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orange-scarlet nasturtium contains a pelargonidin 3-bioside, the red gloxinia flowers are 
coloured by a pelargonidin rhamnoglycoside, and pelargonidin 3-glycosides occur in scarlet 
carnations, strawberries, certain of the more orange-red sweet-peas, and in other flowers 
(compare Robinson and Robinson, Biochem. J., 1931, 25, 1687; 1932, 26, 1647). A 
description of the isolation in substance of pelargonidin 3-glycosides from certain of these 
natural sources will be submitted later; in the meantime we place on record the synthesis 
of pelargonidin 3-galactoside, which is one of the pigments that has been isolated. 

The synthesis of pelargonidin 3-glycoside (callistephin) was the first of a naturally 
occurring anthocyanin (Robertson and Robinson, J., 1928, 1460) and the technique has 
been improved as the result of experience of other cases. A repetition of this investigation 
using the newer methods has therefore been undertaken. 

Substituting galactose for glucose, we employed an analogous series of reactions for the 
synthesis of 3-galactosidyl pelargonidin chloride (I). 
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Some preliminary experiments on the preparation of hydroxylated O-acyl cyanidins 
(e.g., II) are also mentioned. Such substances are of interest on account of the stable 
O-acylanthocyanidins frequently obtained by the hydrolysis of anthocyanins (Robinson 
and Robinson, /oc. cit.). What is really desired is a series of 3-hydroxyacylcyanidins, but 
the 5-derivatives are more readily accessible and enable a study to be made of the pre- 
ferential hydrolysis of acetoxy-groups in the molecule of the aromatic hydroxy-acid. Up 
to the present the results have not thrown light on the problem of the nature of acylantho- 


cyanidins of natural origin; these have characteristic distribution properties which have 
not been reproduced by any of the synthetic compounds. 


EXPERIMENTAL. 


3-8-Glucosidylpelargonidin Chloride (Callistephin Chloride).—A solution of w-O-tetra-acetyl- 
8-glucosidoxy-4-acetoxyacetophenone (5 g.) (Robertson and Robinson, loc. cit.) and 2-O-benzoy]l- 
phloroglucinaldehyde (2-5 g.) in dry ethyl acetate (100 c.c.) was saturated with dry hydrogen 
chloride at room temperature and kept in the ice-chest for 3 days. Dry ether (500 c.c.) was 
added and the deep-red precipitate collected (5 g.) and dried. Aqueous sodium hydroxide 
(115 c.c. of 8%), cooled to 16°, was gradually added to the finely powdered flavylium chloride 
(5-1 g.) in an atmosphere of hydrogen, and the mixture maintained at room temperature for 
3 hours. Hydrochloric acid (192 c.c. of 7%) was added to the black alkaline solution and the 
temperature raised to 60° to complete the formation of the oxonium salt. After cooling and 
filtration, an equal volume of saturated aqueous picric acid was added to the solution and the 
separation of the picrate was completed by keeping the mixture in the ice-chest for 12 hours. 
The crude picrate was collected, washed with dilute aqueous picric acid and ice-water, and dried 
(5-5 g.). The picrate was crystallised by the known method (Robertson and Robinson, Joc. cit.), 
forming perfect, microscopic, rectangular plates (3 g.). It was converted into the chloride, 
which was crystallised as previously and analysed for confirmation of purity (Found: C, 49-6; 
H, 5-0. Calc. for C,,H,,0,9Cl,2H,O: C, 49-9; H, 49%). As will be later described, this 
specimen has been found to be identical with the anthocyanin of scarlet carnations. 

The distribution number for 8 concentrations over the range 1-44 mg. to 8-45 mg. in 25 c.c. 
of isoamy] alcohol and equilibrated 0-5% hydrochloric acid was found to vary from 38-9 to 32-0. 
The relation of log Cy to log C4, is linear, but the slope is not so steep as in the cases of chrysan- 
themin and oenin and the degree of association in the aqueous layer must be smaller than in 
the other examples mentioned (Levy and Robinson, J., 1931, 2715). 

w-O-Tetra-acetylgalactosidoxy-4-acetoxyacetophenone.—Freshly prepared, dry silver carbonate 
(15 g.) was added to a solution of #-hydroxy-4-acetoxyacetophenone (7 g.) and O-tetra-acetyl- 
galactosidyl bromide (20 g.) in dry benzene (100 c.c.) at 35—40°, and the mixture agitated at 
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that temperature for 45 minutes. The reaction was completed by refluxing on the steam-bath 
for 20 minutes and the solution was filtered hot and mixed with light petroleum (1000 c.c.). 
The cream-coloured syrup obtained was washed with hot water and then with ice-cold water 
repeatedly, but the substance could not be crystallised. After draining, the syrup was emulsi- 
fied with ether, in which it was sparingly soluble, and the emulsion was gradually freed from 
ether by slow evaporation under reduced pressure. At the end of 12 hours the emulsion had 
changed to a solid mass (8—9 g.) and this was purified by repeated dissolution in methy] alcohol 
and precipitation with water (yield, 7-5 g. of a colourless semi-crystalline solid) (Found : C, 54-5; 
H, 5:4. C,,H,,0,, requires C, 54-9; H, 53%). This substance is readily soluble in most 
organic solvents but it is sparingly soluble in ether and in light petroleum. 

7-H ydroxy-3-O-ietra-acetylgalactosidoxy-5-benzoyloxy-4'-acetoxyflavylium Chloride.—A solu- 
tion of w-O-tetra-acetylgalactosidoxy-4-acetoxyacetophenone (6 g.) and 2-O-benzoylphloro- 
glucinaldehyde (3 g.) in dry ethyl acetate (100 c.c.) was saturated with hydrogen chloride at 
room temperature, protected from the access of moisture, and kept in the ice-chest for 72 hours. 
Addition of dry ether (750 c.c.) to the deep crimson solution precipitated the flavylium chloride, 
which was washed twice with dry ether and dried over potassium hydroxide in a vacuum (yield, 
5:8 g.) (Found: C, 55-9; H, 4-4. C,,H;,0,,Cl,2H,O requires C, 55-7; H, 4-8%). 

3-Galactosidylpelargonidin Picrate-——Aqueous sodium hydroxide (90 c.c. of 8%), cooled to 
10°, was added to the finely powdered, crude flavylium chloride (4-2 g.), air having been displaced 
by hydrogen. After 3 hours aqueous hydrochloric acid (150 c.c. of 7%) was introduced; the 
solution then became dark red and the formation of the oxonium salt was completed by heating 
at 60° for a few minutes. An equal volume of saturated aqueous picric acid was added to the 
cooled solution, and the mixture kept in the ice-chest until the separation of the picrate was 
complete; the dark brown solid was collected, washed, and dried. This crude picrate contained 
a considerable amount of anthocyanidin, which was eliminated as follows. The crude picrate 
was dissolved in warm 0-5% hydrochloric acid and the cooled solution, after addition of saturated 
aqueous picric acid, was repeatedly shaken with ether, until the ethereal layer was only lemon- 
yellow. The aqueous layer was separated and freed from ether by air-blowing; an equal 
volume of saturated picric acid was then added, and the mixture kept in the ice-chest for 24 
hours. The separated solid was well washed and dried (2-4 g.). The still impure picrate was 
crystallised from saturated alcoholic picric acid and again twice from more dilute alcoholic picric 
acid (1 vol. of saturated alcoholic picric acid and 4 vols. of alcohol), finally forming weli-formed 
reddish plates with a golden reflex (1-2 g.) (Found: C, 48-0; H, 3-6; N, 6-1. C,,H,,;0,,N, 
requires C, 47-7; H, 3-7; N, 6-2%). The picrate is sparingly soluble in cold water, but is freely 
soluble in alcohol and hot water. 

3-Galactosidylpelargonidin Chloride (1).—The pure picrate (0-8 g.) was dissolved in methy]l- 
alcoholic hydrogen chloride (35 c.c. of 5%), and the chloride precipitated by the addition of dry 
ether (300 c.c.), collected by centrifuging, washed with dry ether, and dried in air. The salt 
was crystallised according to Willstatter and Burdick’s method (Amnalen, 1916, 412, 149) for 
callistephin chloride, viz., by the slow evaporation of a methyl-alcoholic solution to which 
one-quarter its volume of 12% aqueous hydrochloric acid has been added; a crop of dark red, 
microscopic needles was obtained. Recrystallisation in a similar manner afforded clusters of 
very fine needles, dark red in mass, but orange by transmitted light (yield, 0-3 g.) (Found : 
C, 46-2; H, 5-4. C,,H,,0,9Cl,4H,O requires C, 46-6; H, 5-4. Found in material dried at 110° 
ina high vacuum: C, 53-9; H, 4-6. C,,H,,0,,Cl requires C, 53-8; H, 4-5%). 

Concentrated aqueous acid solutions of the anthocyanin are deep red and very stable to 
aerial oxidation; dilute aqueous acid solutions have an orange-red colour. The anthocyanin 
dissolves easily in alcohol to reddish-pink solutions, but it is very sparingly soluble in acetone, 
a pale pink colour being produced in the solution. The colour reactions in buffered solutions of 
graded pg, also with ammonia, sodium acetate, carbonate, hydroxide, etc., are identical with 
those of callistephin chloride. 

Unfortunately the distribution number was determined in a series of concentrations with a 
specimen of the anthocyanin not entirely free from pelargonidin, but as the error caused thereby 
is in the opposite direction, it-can be stated that the effect of concentration is similar to that 
observed in the case of callistephin. A specimen was later freed from every trace of antho- 
cyanidin and the distribution number was found to be 24-3, 24-3, 24-4 for 8-00, 8-01 and 7-93 mg. 
respectively in 25 c.c. each of equilibrated isoamy] alcohol and 0-5% hydrochloric acid. 

The absorption spectrum was determined with a solution of the anthocyanin (0-997 mg.) in 
methyl-alcoholic hydrogen chloride (100 c.c. of 0-5%) (Fig.). 

Experiments on the Preparation of Various 5-O-Hydroxyacylcyanidins.—These experiments 
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will be described very briefly, because we do not claim to have worked out the best conditions. 
Phloroglucinaldehyde (10 g.) was O-triacetylgalloylated by means of aqueous sodium hydroxide 
and O-triacetylgalloyl chloride (10 g., dissolved in chloroform) at 0°. The product (3-2 g.) 
crystallised in small colourless needles, m. p. 148—150° (Found: C, 55-3; H, 3-8. C,9H,,0,, 
requires C, 55-6; H, 3-7%). 

This 2-O-(O-triacetylgalloyl)phloroglucinaldehyde (2 g.) was condensed with w: 3: 4-tri- 
hydroxyacetophenone (1-2 g.) in ethyl acetate—alcohol solution (2: 1) by means of hydrogen 
chloride at 0°. The dark violet product (2-2 g.) 
was crystallised similarly to 5-O-benzoylcyanidin 
chloride (Robertson and Robinson, J., 1928, 
1528); it was obtained in dark green needles 
(0-45 g.) (Found in air-dried material: C, 49-9; 
H, 4:3. C,,H,,0,,Cl,4H,O requires C, 49-9; H, 
4-3. Found in material dried at 105° in a high 
vacuum : C, 56-2; H, 3-6. C,,H,,0,,C) requires 
C, 56-0; H, 3-5%). The substance has the pro- 
perties expected of an O-5-aroylcyanidin chloride. 

When boiled with 5% alcoholic hydrogen 
chloride, the substance appears to lose only two 
of its acetyl groups. The product crystallised 
0 1 1 from aqueous hydrochloric acid (from 1 to 3%) 
4500 5000 5500, in greenish-black needles (Found in air-dried 
Wave-length, (A). material: C, 51-5; H, 4-0. C,,H,,0,,Cl,3H,0 
requires C, 51-4; H, 4-1. Found in material dried 
at 105° in a high vacuum: C, 56-7; H, 3:8. 
C,,H,,0,,Cl requires C, 56-8; H, 3-4%). This salt is a partly acetylated 5-O-galloylcyanidin 
chloride and its colour reactions are entirely like those of 5-O-benzoylcyanidin. 

The 4-acetoxybenzoylation of phloroglucinaldehyde, under the usual conditions for mono- 
aroylation and the acid chloride being applied in ethereal solution, appears to have furnished as 
main product a 2: 4-di-O-4-acetoxybenzoylphloroglucinaldehyde. The substance in question 
crystallises from alcohol in prismatic needles, m. p. 180—182° (Found: C, 61-7; H, 3-5. 
Cy5H,.049,0°5H,O requires C, 61-6; H, 3-8%). This view is provisional, but is thought to be 
correct because the flavylium salt made by condensation with w : 3 : 4-trihydroxyacetophenone 
in the usual manner and crystallised from aqueous alcoholic hydrogen chloride appears to be 
5 : 7-di-O-4-hydroxybenzoylcyanidin chloride (Found in air-dried material: C, 56-2; H, 4:3. 
CygH 190 19Cl,3H,O requires C, 56-4; H, 4-1. Found in material dried at 110° ina high vacuum : 
C, 62-4; H, 3-7; Cl, 6-1. C,yg.HO,9Cl requires C, 61-9; H, 3-4; Cl, 6-3%). Not only the 
analysis but also the colour reactions suggest the introduction of two acyl groups into the 
cyanidin molecule. For example, the solution in aqueous sodium carbonate is not blue, as in 
the case of benzoylcyanidin, but intense violet-red. On hydrolysis with hot aqueous sodium 
hydroxide under nitrogen and acidification of the solution, cyanidin was produced and recognised 
by means of the tests prescribed by Robinson and Robinson (/oc. cit.). 
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3-Galactosidylpelargonidin chloride. 
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354. Experiments on the Synthesis of Anthocyanins. Part XXVI. Reso- 
callistephin and Reso-oenin Chloride. 


By (Miss) K. E. Grove, L. F. Levy, P. V. Narr, and RoBert RoBINsON. 


By the term reso-anthocyanin we denote the analogues of the anthocyanins containing a 
resorcinol in the place of a phloroglucinol nucleus. 

An example of the class is fisetinin chloride (I, R = H) or resochrysanthemin chloride 
(Fonseka and Robinson, J., 1931, 2732), the disclosure of the properties of which played 
an important part in the elucidation of the last details of the constitution of cyanin. Reso- 
oenin (IT) was mentioned in that connexion also, but its preparation was not described. We 
are now able to do this and have also prepared reso-oxycoccicyanin (I, R = Me) as well as 
reso-callistephin (III) and the corresponding galactoside. 
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The methods employed need not be described in detail, as they do not diverge from the 
usual procedure adopted in this series. An examination of the distribution properties 
shows that, unlike chrysanthemin and oenin, which are associated in aqueous acid solution, 
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fisetinin and resocallistephin are in the same state of association in aqueous and in ‘soamyl 
alcoholic solution, the most probable assumption being that the salts are not associated in 
either medium. 

As already observed, the colour reactions of these salts closely resemble those of their 
5-glucosidoxy-derivatives, that is, of the normal series of diglucosidic anthocyanins. 

A point of interest is that the distribution numbers of the reso-anthocyanins, except 
reso-oenin, are lower than those of the anthocyanins most closely related to them. 

The introduction of a hydroxyl group in position 5 thus augments the distribution 
number of these salts. A similar phenomenon is the very low distribution number of 
gesnerin chloride (Robinson, Robinson, and Todd, this vol., p. 809) and it is evident that 
the distribution number is not connected in a simple manner with the number of hydroxyl 
groups in the molecule. 

EXPERIMENTAL. 

7: 4'-Dihydroxy-3-8-glucosidoxyflavylium Chloride (III).—A solution of w-O-tetra-acetyl- 
8-glucosidoxy-4-acetoxyacetophenone (5 g.) (Robertson and Robinson, J., 1928, 1465) and 
$-resorcylaldehyde (1-32 g.) in dry ethyl acetate (60 c.c.) was saturated with hydrogen chloride 
and kept in the ice-chest for 72 hours. The flavylium chloride was precipitated by the addition 
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of dry ether (400 c.c.), collected, washed thrice with dry ether, and dried in a desiccator (yield, 
5-2 g.) (Found : C, 52-5; H, 5-1. C3,H3,0,,Cl,2-5H,O requires C, 52-6; H, 5-1%). 

This penta-acetate of resocallistephin chloride was dissolved in aqueous sodium hydroxide 
(80 c.c. of 8%) below 10°, air having been excluded by nitrogen, and the solution kept at room 
temperature for 3 hours. Hydrochloric acid (134 c.c. of 7%) was then added, and the mixture 
heated to 60°, cooled, filtered, and the solution shaken with ethereal picric acid in order to 
remove traces of anthocyanidin. An equal volume of saturated aqueous picric acid was added 
to the separated aqueous solution; a voluminous dark red precipitate was formed, and after 
keeping in the ice-chest for 12 hours, the picrate was collected, washed, and dried (5-0g.). The 
crude product (1-5 g.), twice crystallised from the minimum of boiling dilute alcoholic picric 
acid (1 vol. of saturated alcoholic picric acid and 8 vols. of alcohol), formed well-shaped orange- 
red needles with a golden reflex and bluish-violet in transmitted light (0-75 g.) (Found : N, 6-4. 
C,,H,;0,,N,; requires N, 6-3%). The pure picrate (0-7 g.) dissolved in methyl-alcoholic hydrogen 
chloride (25 c.c. of 5%) to a clear red solution, from which the red chloride was precipitated by 
the addition of dry ether (300 c.c.) and collected by centrifuging (yield, 0-4 g.). 

(1) The crude chloride was dissolved in 2% ethyl-alcoholic hydrogen chloride, the acid 
concentration increased to about 6%, and the solution allowed to evaporate in the air for a few 
minutes; crystallisation of clusters of orange-red needles quickly followed. 

(2) The crude chloride was dissolved in absolute methyl alcohol, and a few drops of 38% 
methyl-alcoholic hydrogen chloride were added to the solution ; a thick mass of needles separated 
on slow evaporation in a desiccator. Recrystallised in the same way, sharply cut needles were 
obtained and these were washed with methyl-alcoholic hydrogen chloride and ether and dried 
in the air (Found: C, 50-4; H, 4-7. C,,H,,0,Cl,2-5H,O requires C, 50-7; H, 5-2. Found in 
material dried at 110° in a high vacuum over phosphoric oxide: C, 55-4; H, 4-5. C,,H,,0,Cl 
requires C, 55-7; H, 4-6%). ; 

Concentrated aqueous solutions are deep reddish-orange, but on dilution become yellow- 
orange; alcoholic solutions are brown-orange and pink in thin layers. Addition of sodium 
acetate to an aqueous solution gives a bright cherry-red coloration. Sodium carbonate gives a 
rich violet-red coloration and this becomes violet-blue on the addition of an excess of acetone. 
Aqueous sodium hydroxide dissolves the salt to a plum-red coloured solution and the coloration 
is rather stable, but fades in a few minutes to yellow. The anthocyanin is stable in the ferric 
oxidation test. 

The distribution number was found to be independent of the concentration and had the 
value 17-0 for 6-1 mg. in 25 c.c. each of equilibrated isoamyl alcohol-0-5% hydrochloric acid. 
Approximately the same value was found at half and at double the concentration. 

7 : 4'-Dihydroxy-3-galactosidoxyflavyliuum Chloride (II1I).—This salt was prepared like the 
last-mentioned, galactose being substituted for glucose (compare Nair and Robinson, preceding 
paper, for the necessary second component). The intermediate crude penta-acetate was obtained 
in amount equal to the galactoside employed (Found: C, 52-4; H, 5-0. C3,H ;,0,,C1,2-5H,O 
requires C, 52-6; H, 5-1%). This derivative (2-7 g.) was hydrolysed as before and a picrate 
was prepared (crude, 1-8 g.); it crystallised from alcoholic picric acid in small red plates with a 
golden reflex (pure, 0-9 g.) (Found: N, 6-5. C,,H,;0,,N; requires N, 6-3%). The chloride 
was obtained in a crude condition by the usual method, and crystallised from 2% alcoholic 
hydrogen chloride by the gradual addition of 10% alcoholic hydrogen chloride and evaporation 
in fine red, microscopic needles (Found in air-dried material: C, 51-2; H, 5-1; Cl, 7-1. 
C,,H,,0,Cl,2H,O requires C, 51-5; H, 5-1; Cl, 7-3. Found in material dried at 110° in high 
vacuum over phosphoric oxide: C, 55-5; H, 4°7. C,,H,,;O,Cl requires C, 55-7; H, 4-6%). 
The colour reactions of this salt were almost identical with those of the glucoside; its aqueous 
acid solutions were a little more intensely coloured and the stability towards sodium hydroxide 
in aqueous solution was markedly greater. 

The distribution number (isoamy] alcohol and 0-5% hydrochloric acid) was found to be 
13-8 and independent of the concentration in the very dilute solutions employed. 

Fisetinin Chloride.—The distribution number under the usual conditions is 14. Theabsorp- 
tion spectrum (0-2N /10* in 1-0% methyl-alcoholic hydrogen chloride in a cell of 20 mm.) (Fig.) 
is practically identical with that of its methyl ether mentioned below. The other spectra 
illustrated in the Fig. relate to similar conditions with small variations of concentration as 
indicated under the diagram. : 

Reso-oxycoccicyanin Chloride (I, R = Me).—A solution of w-O-tetra-acetyl-B-glucosidoxy- 
3-methoxy-4-acetoxyacetophenone (2-0 g.) and 8-resorcylaldehyde (1-6 g.) in dry ethyl acetate 
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(35 c.c.) was saturated with hydrogen chloride at 0° and kept in the ice-chest for 2 days. It 
was then filtered into dry ether and the bright-red flavylium salt so precipitated was collected, 
washed, and dried (yield, 2-0 g.) (Found : C, 51-5; H, 5-5. C,,2H,30,9Cl,2-5H,O requires C, 50-2; 
H, 53%). The finely powdered salt (2-0 g.) was hydrolysed by means of 8% sodium hydroxide 
under nitrogen in the usual manner, and the picrate was precipitated from the acidified solution 
as a heavy orange-red precipitate (yield, 1-5 g.). Very fine orange-red needles with golden 
reflex were obtained by dissolving the crude picrate in hot methyl alcohol (100 c.c.), filtering 
and diluting the solution with an equal volume of cold saturated aqueous picric acid (yield, 
0-5 g.) (Found: N, 6-1. C,,H,,Q,,N;,2H,O requires N, 5-9. Found in material dried at 105° 
ina high vacuum: C, 49-8; H, 3-7. C,,H,,0,,N; requires C, 49-7; H, 3-7%). 

The crystalline picrate (0-9 g.) was dissolved in absolute methyl alcohol (125 c.c.), and the 
filtered solution mixed with methyl-alcoholic hydrogen chloride (26 c.c. of 20%) ; the addition of 
ether (500 c.c.) precipitated the chloride as a dark brown crystalline powder. The product was 
collected (0-6 g.) and crystallised by solution in warm methyl alcohol (100 c.c.), addition of 20% 
methyl-alcoholic hydrogen chloride (20 c.c.), and keeping in the ice-chest. -The chloride separ- 
ated as microscopic, dark red-brown needles with a bronze reflex (yield, 0-45 g.) (Found : C, 53-6; 
H, 4-9; Cl, 7-8. C,.H,,0,9C1,0-5H,O requires C, 53-7; H, 4-9; Cl, 7-2. Found in material 
dried at 110° in a high vacuum: C, 54-4; H, 5-0; Cl, 7-8. C,,H,.30,9Cl requires C, 54-7; H, 
4-8; Cl, 75%). This substance has a normal distribution between isoamy]l alcohol and 0-5% 
hydrochloric acid, the number being 17-4. This salt is sparingly soluble in 1% hydrochloric 
acid, but readily dissolves on heating to an orange-red solution with brown tinge and appearing 
salmon-red in thin layers; on the addition of alcohol the solution becomes bluish-red. In 
aqueous solution, sodium acetate gives a permanganate-red coloration, rapidly decolorised in 
dilute solution with formation of the pseudo-base; sodium carbonate gives a rich violet color- 
ation, blue in thin layers and becoming royal blue on the addition of acetone. The coloration 
on the addition of sodium hydroxide is violet, then almost blue, but change to a yellowish- 
brown supervenes very rapidly. The anthocyanin is stable in the ferric-oxidation test. 

Reso-oenin Chloride (11).—The condensation of 8-resorcylaldebyde and the second component 
used for oenin was carried out in the usual manner and the hydrolysis of the crude flavylium salt 
first produced also presented no new feature until the alkaline solution was acidified with 
hydrochloric acid. At this stage the glucoside chloride largely separated from the solution, as it 
is much more sparingly soluble in aqueous hydrochloric acid than the analogues herein described. 
The salt could be crystallised from 2% aqueous hydrochloric acid, but the material that separated 
was not quite free from reso-oenidin. All the available specimens were therefore combined and 
dissolved in hot 0-1% hydrochloric acid, and the filtered solution extracted with isoamy] alcohol 
until the distribution to this solvent had reached a minimum (5 extractions). The aqueous 
layer, first washed with benzene, was mixed with an equal volume of saturated aqueous picric 
acid and the scarlet flocculent precipitate was collected by centrifuging. It was washed in the 
cups with aqueous picric acid and then dissolved in boiling methyl alcohol containing a little 
picricacid. The filtered solution was mixed with half its volume of ethyl alcohol, also containing 
picric acid; the picrate then crystallised in very short, dark, extremely slender, microscopic 
needles. This specimen was free from reso-oenidin (ether—picric acid test) ; it was dissolved in 
2-5% methyl-alcoholic hydrogen chloride, and the chloride precipitated as a dark chocolate- 
brown powder by means of ether. The salt crystallised from a mixture of methyl and ethyl 
alcohols and 5% aqueous hydrochloric acid in dark violet, prismatic needles (brownish-red by 
transmitted light) exhibiting an intense green reflex (Found in air-dried material: C, 50-0; 
H, 5-4; Cl, 6-4. C,,H,,0,,Cl,2H,O requires C, 50-3; H, 5-3; Cl, 6.5%. Found in material 
dried at 105° in a high vacuum over phosphoric oxide: C, 54-1; H, 4-7; Cl, 6-6; MeO, 12-4. 
C,,;H,,;0,,Cl requires C, 53-9; H, 4-9; Cl, 6-9; 2MeO, 12-1%). 

Reso-oenin chloride is readily soluble in methyl-alcoholic hydrogen chloride, less readily 
soluble in ethyl-alcoholic hydrogen chloride or in aqueous hydrochloric acid. Its solutions are 
rich bluish-red, especially in the simple alcohols. It dissolves in aqueous sodium carbonate to a 
pure blue solution without any violet tinge; in sodium acetate the coloration is a bright reddish- 
violet and these reactions are similar to those exhibited by malvin. 

The distribution number was determined by the standard method at different concentrations 
and showed variation suggesting association in the aqueous solution. However, the effect is by 
no means so marked as in the case of oenin and the degree of association is relatively small. 
The results were : 3-9 mg. of anhydrous reso-oenin in 25 c.c. each of equilibrated isoamy] alcohol 
and 0-5% hydrochloric acid, 14-3; 5-2 mg., 14-0; 6-5 mg., 13-8; 7-8 mg., 13-6; 9-1 mg., 13-4; 
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10-4 mg., 13-3; 11-7 mg., 13-2; 13-0 mg., 13-0; 14-3 mg., 12-9; 15-6 mg., 12-7. Overa similar 
range of concentration oenin showsa much larger effect : 4-1 mg. (11-5) to 14-8mg. (5-9) (compare 
Levy and Robinson, J., 1931, 2720). 

Reso-oenidin chloride.—This salt was obtained by hydrolysing reso-oenin with boiling 15% 
hydrochloric acid and also by direct condensation of 8-resorcylaldehyde with w : 4-dihydroxy- 
3 : 5-dimethoxyacetophenone in ethyl acetate solution with the participation of hydrogen 
chloride. The products obtained by these methods were identical. The anthocyanidin closely 
resembles malvidin in appearance and properties. It is very sparingly soluble in dilute hydro- 
chloric acid, but crystallises in prismatic needles from boiling 1% hydrochloric acid containing 
a little ethyl alcohol. The dark chocolate-brown material had a dull bronze reflex (Found in 
material dried in a desiccator: C, 55-3; H, 4-6. C,,H,,;0,Cl,H,O requires C, 55-4; H, 4-6. 
Found in material dried in stages up to 110° in a high vacuum over phosphoric oxide: C, 58-5; 
H, 4-4; Cl, 10-0; MeO, 17-8. C,,H,,0,Cl requires C, 58-3; H, 4:3; Cl, 10-1; 2MeO, 17-7%). 

This salt dissolves in aqueous sodium acetate and sodium carbonate to rich red-violet and 
pure blue solutions respectively, closely resembling the corresponding reso-oenin solutions. 
Oenin and malvidin, however, do not exhibit the same alkali-colour reactions and this is another 
instance of a phenomenon which is especially characteristically exhibited in the cyanidin series. 
The rule may be stated as follows. In flavylium salts closely related to the anthocyanidins the 
substitution of OR for OH in position 3 has a large effect on the colour reactions, only if there 
is a free hydroxy] group in position 5. Thus in respect of alkali-colour reactions chrysanthemin 
diverges from cyanidin, but cyanin and cyanenin are identical with one another, because cyanin 
is the 3-glucoside of a cyanidin derivative not bearing a hydroxy] in position 5. 

7-8-Glucosidylmalvidin Chloride.—2-O-Benzoy]-4-O-tetra-acetyl-6-glucosidylphloroglucin- 
aldehyde was prepared by the method of Léon, Robertson, Robinson, and Seshadri (J., 1931, 
2672); an improved method of crystallisation is from 90% methylalcohol. The condensation 
of the glucoside with w : 4-dihydroxy-3 : 5-dimethoxyacetophenone in dry ethyl acetate with 
the participation of hydrogen chloride gave the expected product in 91% yield. The yield 
was inferior when the acetylated second components were employed. With w-hydroxy-4- 
acetoxy-3 : 5-dimethoxyacetophenone the yield was 75% (Found: C, 52-3; H, 5-0; Cl, 4-2. 
CygH 30, ,Cl,4H,O requires C, 52-5; H, 5-1; Cl, 39%). Withw: 4-diacetoxy-3 : 5-dimethoxy- 
acetophenone the yield fell still further to 50% and the condensation was very much slower 
than in the other examples. Either of the three crude products was hydrolysed by the usual 
method and the same results were obtained in all cases. A picrate could not be precipitated 
from the solution resulting from the acidification of the reaction product and accordingly this 
solution was evaporated to dryness in a vacuum at room temperature, the residue extracted with 
2% methyl-alcoholic hydrogen chloride, and the crude chloride precipitated by the addition of 
ether. This specimen was not free from malvidin and it was dissolved in 0-1% hydrochloric acid 
and the anthocyanidin removed by washing with several successive small volumes of isoamyl 
alcohol. The solution was again concentrated in a vacuum and it was then found possible to 
precipitate a picrate as brown-red flocks. This derivative was centrifuged, washed, dried in a 
vacuum desiccator, and converted into chloride in the usual way. All attempts to crystallise 
the resulting dark brown-violet powder in a recognisable form were unsuccessful; therefore the 
precipitation was repeated from a filtered solution, and the product dried in a vacuum, first at 
room temperature and then at 110° (Found : C, 52-2; H, 4-8; Cl, 6-4; MeO, 11-9. C,,H,,;0,,Cl 
requires C, 51-9; H, 4-7; Cl, 6-6; 2MeO, 11-7%). This glucoside, possibly because it was not 
crystallised, appears to be unusually readily soluble in aqueous and alcoholic hydrogen chloride ; 
it dissolves in aqueous sodium acetate toa bluish-violet solution and in aqueous sodium carbonate 
toa pure blue solution. It is unstable in the ferric chloride oxidation test (Léon and Robinson, 
J., 1931, 2732) and under the standard conditions it was decolorised in 7 minutes, whereas the 
isomeric oenin was not destroyed at the end of 80 hours. The distribution number was deter- 
mined in the usua] manner and the value 18-0 was found for 4-99 mg. in 25 c.c. each of equili- 
brated isoamyl alcohol and 0-5% hydrochloric acid. 

A crude specimen of malvidin 3 : 7-diglucoside was prepared from the requisite components, 
and although this was diglucosidic when placed in the tube, it suffered hydrolysis in its amor- 
phous condition and after 2 years the specimen consisted almost entirely of the 7-glucoside now 
described. The salt was dissolved in 0-5% hydrochloric acid and washed with isoamy] alcohol 
in order to free it from malvidin (only a trace was present). The solution was then shown to 
be monoglucosidic (distribution number, 18-3) and it must therefore be the 7-glucoside or 3-gluco- 
side of malvidin. The alkali-colour reactions and the ferric-oxidation test proved conclusively 
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that the substance consisted essentially of the 7-glucoside. It is already known that a 3: 5-di- 
glucoside of an anthocyanidin furnishes the 5-monoglucoside on part hydrolysis; this experience 
would appear to indicate a similar preferential hydrolysis of the 3-positioned glucose residue in 
the 3 : 7-diglucosides. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, August 9th, 1934.] 





355. A Synthesis of Pyrylium Salts of Anthocyanidin Type. Part XXI. 
The 6-Hydroxy-derivatives of the Chief Anthocyanidins. 


By E. H. CHARLESWoRTH and ROBERT ROBINSON. 


Ir naturally occurring anthocyanidins, divergent from the normal series, are awaiting 
discovery, it seems probable that some of them will be identified with the flavylium salts 
described in this communication. The tetrahydroxybenzene nucleus has been proved to 
be a unit of the structure of flavones and flavonols, and the plant product, carajurin, is 
the quinone-base of a flavylium salt, although it is true that this has not been shown to 
be an anthocyanidin (compare Chapman, Perkin, and Robinson, J., 1927, 3015). In the 
course of a ‘‘ Survey of Anthocyanins ” (Robinson and Robinson, Biochem. J., 1932, 26, 
1654) it has occasionally been observed that an anthocyanidin having certain of the 
characteristics of cyanidin not shared with delphinidin and also certain of those of del- 
phinidin not shared with cyanidin, could be isolated. The 6-hydroxycyanidin (I; R= H, 
R’ = OH) described below fulfils the requirements and an attempt to establish its natural 
occurrence is in progress. 

The methods employed have been the normal ones of this series, antiarolaldehyde 
(Chapman, Perkin, and Robinson, /oc. cit.) being coupled with appropriate second com- 
ponents, and the products demethylated. Nuclear alkylation was not feared in this case 
because the position 6 is substituted. 

We have prepared and characterised 6-hydroxygalanginidin chloride, 6-hydroxypelargont- 
din chloride (1; R,R’ = H), 6-hydroxycyanidin chloride (II), and 6-hydroxydelphinidin chloride 
(I; R,R’ = OH). Thesesaltsare all redder (less blue) than the corresponding anthocyanidins, 
of which they are the 6-hydroxy-derivatives; their colour reactions in buffered solutions 
show that at corresponding #, this applies also to the alkaline media. To give one concrete 
example, pelargonidin dissolves in aqueous sodium carbonate to a blue solution and 
6-hydroxypelargonidin to a bluish-violet. The methyl ethers from which these salts are 
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prepared have an unambiguous constitution and there is no reason to fear an isomeric change 
in acid solution. It must, however, be pointed out that, if the pyrylium ring were broken, 
isomeric change might accompany its reconstitution : 
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The distribution of the 6-hydroxyanthocyanidins in immiscible solvents, for example, 
the cyanidin and delphinidin reagents of Robinson and Robinson (Biochem.¢J., 1931, 25, 
1704), is analogous to that of anthocyanidins with the same number of hydroxyl groups; 
hence these details will not be repeated in the experimental section. 

For the purpose of comparison with its 6-hydroxy-derivative, galanginidin chloride has 
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been synthesised by the O-benzoylphloroglucinaldehyde method. This salt, not yet 
identified as a natural anthocyanidin, has been previously prepared by Willstatter and 
Schmidt (Ber., 1924, 57, 1945), by Pratt and Robinson (J., 1925, 127, 1128), and by Malkin 
and Robinson (J., 1925, 127, 1190). 


EXPERIMENTAL. 


3-Hydroxy-5 : 6 : T-trimethoxyflavylium Chloride.—A solution of antiarolaldehyde (5-3 g.) and 
«@-acetoxyacetophenone (4-5 g.) in dry ethyl acetate (75 c.c.) was saturated at 0—5° with dry 
hydrogen chloride. Ether was added after 4 days, and an orange-red powder (8-0 g.) isolated ; 
this was dissolved in methyl alcohol (20 c.c.) and hydrochloric acid (20 c.c. of. 20%), and the 
mixture refluxed for 1 hour. The crystals that separated on cooling were recrystallised from 
methyl alcohol by the addition of 20% hydrochloric acid, and formed brown oblique plates, 
many approximately rhombic and with a tendency towards convexity of the shorter side (Found 
in material dried in a vacuum over sulphuric acid : C, 59-2; H, 5-3; Cl, 9-8; MeO, 24-6; loss 
at 110° in a high vacuum over phosphoric oxide, 11-2. C,,H,,O,;Cl,H,O requires C, 58-9; H, 
5-2; Cl, 9-7; 3MeO, 25-4; H,O, 4-:9%). The high value for loss on drying is due to loss of 
hydrogen chloride as well as water, the dry material containing Cl, 4-2% instead of the calculated 
amount (10-2%). 

Alcoholic and aqueous hydrochloric acid solutions are yellowish-brown and weak alkalis 
discharge the colour and precipitate a pseudo-base. The amyl-alcoholic solution is orange- 
yellow and, on addition of aqueous sodium acetate or sodium carbonate, it becomes light 
yellow. 

3:5:6:7-Tetrahydroxyflavylium  Chloride.—3- Hydroxy - 5:6: 7-trimethoxyflavylium 
chloride (5-0 g.) was demethylated by boiling for 2 hours with a mixture of hydriodic acid 
(165 c.c., d 1-7) and phenol (21 g.) inan atmosphere of carbon dioxide. On the addition of much 
ether, a small quantity (1-1 g.) of crystalline iodide separated. This was changed to chloride in 
the usual manner, by treating the alcoholic solution with freshly precipitated silver chloride 
and adding to the filtrate an equal volume of 15% hydrochloric acid ; the chloridethenseparated 
as a nearly black mass of elongated rectangular plates. These were twice recrystallised from 
alcohol and 15% hydrochloric acid and dried in a vacuum over sulphuric acid (Found : C, 51-9; 
H, 4-7; Cl, 10-2; loss at 110° in a high vacuum over phosphoric oxide, 13-3; MeO, 0-0. 
C,;H,,0;Cl,2H,O requires C, 52-5; H, 4-4; Cl, 10-4; 2H,O, 10-5%). A second specimen, 
either crystallised under slightly different conditions, or dried for alonger period in the desiccator, 
gave an analysis indicating a monohydrate. In both specimens the loss on drying at 110° ina 
vacuum indicates loss of hydrogen chloride as well as water. 

The 1% aqueous hydrochloric acid solution is yellow-brown and the acid alcoholic solutions 
are brownish-red. The addition of ferric chloride to the alcoholic solution gives a dull purple 
colour. When aqueous sodium acetate is added to the yellow-brown solution in amy] alcohol, 
the colour of the alcoholic layer deepens to a reddish-brown. Alkaline solutions all have a 
decided red colour, aqueous potassium bicarbonate quite a pure red, sodium carbonate a reddish- 
purple, and sodium hydroxide a red shade easily destroyed by aerial oxidation. 

The following colour reactions were observed in a series of buffered solutions of graded 
Pu (for the pg and compositions corresponding to the numbers, see Robertson and Robinson, 
Biochem. J., 1929, 23, 35). On mixing: 1% and 20% hydrochloric acid, yellow; (1) brownish- 
yellow; (3)—(9) reddish-brown, progressively redder; (11) reddish-brown, at first more intense 
than (7) and (9), but in 2 minutes faded to a weaker shade; (13) reddish-brown, fading within 
2 minutes; (15) reddish-violet; (17) reddish-violet, more intense colour than (15) and does 
not fade so quickly at first, later more rapidly. 

After 20 minutes: (1) faded considerably, less yellow; (3)—(9) only slight fading; (11)— 
(15) light brown; (17) lemon-yellow, lighter and yellower than 1% hydrochloric acid. 

After 24 hours: 1% and 20% hydrochloric acid unchanged : (1) and (3) colourless; (5)— 
(15) light brown, slightly redder towards (15); (17) lemon-yellow. 

A comparison with the data for galanginidin chloride shows that 6-hydroxygalanginidin 
chloride is the yellower in acid solutions. 

5-O-Benzoylgalanginidin Chloride.—A solution of 2-O-benzoylphloroglucinaldehyde (4-2 g.) 
and w-acetoxyacetophenone (3-0 g.) in a mixture of ethyl acetate (75 c.c.) and absolute alcohol 
(5 c.c.) was saturated with hydrogen chloride at 0°. After a week an orange-brown deposit 
(4-0 g.) was collected, dissolved in methy] alcohol (100 c.c.) containing a little hydrogen chloride, 
and concentrated to about 20 c.c.; the salt then separated in slender orange needles (2-0 g.), 
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which were dried in a vacuum over sulphuric acid (Found : C, 66-7; H, 3-9; Cl, 9-2. C,,H,,0,Cl 
requires C, 66-8; H, 3-8; Cl, 9-0%). 

O-Benzoylgalanginidin chloride is practically insoluble in hot 1% hydrochloric acid; the 
alcoholic acid solution is orange-yellow. Aqueous sodium carbonate dissolves it to.a bright 
violet solution, which on the addition of acetone changes to a beautiful pure blue. The reaction 
recalls the similar behaviour of pelargonin and it is equally characteristic. Aqueous sodium 
hydroxide gives a violet solution, but the colour quickly fades. The addition of aqueous sodium 
acetate to the orange amyl-alcoholic solution causes the alcoholic layer to become violet. 

Galanginidin Chloride.—Benzoylgalanginidin chloride (2-0 g.) was dissolved in a mixture of 
alcohol (22 c.c.) and aqueous sodium hydroxide (15 c.c. of 20%), air having been displaced by 
hydrogen which was slowly passed through the liquid for 5 hours, during which the colour 
changed from green to deep reddish-brown. Concentrated hydrochloric acid (15c.c.) was added, 
and the mixture heated at 70° foran hour. After keeping over-night in the ice chest, the solid 
(1-2 g.) was collected, washed with 5% hydrochloric acid, and recrystallised by dissolving it 
as far as possible in boiling 0-5% hydrochloric acid (300 c.c.) and adding concentrated hydro- 
chloric acid (35 c.c.) to the filtered solution. On cooling, elongated red prisms (0-5 g.) separated 
(Found in material dried in a vacuum over sulphuric acid: C, 58-7;. H, 4:3; Cl, 11-2; loss at 
110° in a high vacuum over phosphoric oxide, 4-6. C,,H,,0,Cl,H,O requires C, 58-3; H, 4-2; 
Cl, 11-5; H,O, 5-8%). Willstatter and Schmidt (loc. cit.) described a dihydrate losing 1H,O 
ina vacuum; Pratt and Robinson (Joc. cit.) also described a dihydrate and the colour reactions 
are in agreement with those previously described. The amyl-alcoholic solution is bluish-red, 
the addition of aqueous sodium acetate giving a reddish-purple shade in the alcoholic layer, while 
the addition of sodium carbonate gives the characteristic violet coloration in the aqueous layer. 

The following colour reactions were observed in a series of buffered solutions. On mixing: 
1% and 20% hydrochloric acid, orange; (1) and (3) orange-red, fading to a violet-pink and in 
5 minutes almost colourless; (5) reddish-mauve, light permanganate shade in 5 minutes; (7) 
reddish-mauve, does not fade as rapidly as (5); (9) reddish-mauve, little fading in 5 minutes ; 
(11) violet; (13)—(17) blue-violet. 

After 20 minutes: (1) and (3) colourless; (5) light permanganate; (7) permanganate; 
(9) redder than (7); (11)—(17) unchanged. 

After 2 hours: 1% and 20% hydrochloric acid unchanged; (1) and (3) colourless; (5) and 
(7) light pink; (9) light mauve; (11)—(15) practically unchanged ; (17) greenish-violet. 

After 24 hours : 1% hydrochloric acid unchanged ; 20% hydrochloric acid light orange-pink ; 
(1) and (3) colourless; (5) almost colourless; (7) and (9) light reddish-mauve; (11) light mauve; 
(13) and (15) violet; (17) almost colourless, faint yellow-green tinge. 

3 : 4'-Dihydroxy-5 : 6 : 7-trimethoxyflavylium Chloride.—A solution of antiarolaldehyde (5-3 g.) 
and w : 4-diacetoxyacetophenone (5-9 g.) in dry ethyl acetate (100 c.c.) was cooled in ice and 
saturated with dry hydrogen chloride. The flask was kept stoppered for 4 days; the semi- 
crystalline orange-coloured material (6-2 g.) was then collected and washed with ethyl acetate— 
ether; addition of ether toe the mother-liquor afforded additional material (1-5 g.). It crystal- 
lised from 1% aqueous hydrochloric acid as red rhombic plates and was recrystallised by 
dissolution in hot 2% methyl-alcoholic hydrogen chloride and addition of half the volume of 20% 
aqueous hydrochloric acid; it then separated in elongated oblique prisms with a tendency to 
form rosettes (Found in material dried in a vacuum over sulphuric acid: C, 56-5; H, 5-0; Cl, 
8-6; MeO, 22-8; loss at 110° in a high vacuum over phosphoric oxide, 5-3. C,sH,,0,Cl,H,O 
requires C, 56-5; H, 5-0; Cl, 9-3; 3MeO, 24-3; H,O, 4-7%. Found in material dried at 110°: 
C, 59-2; H, 4:7; Cl, 9-8; MeO, 23-5. C,,H,,O,Cl requires C, 59-3; H, 4-7; Cl, 9-7; 3MeO, 
25-5%); some loss of methoxyl by part hydrolysis is indicated. 

The solutions in alcoholic and in aqueous hydrochloric acid are orange-red, with a faintly 
blue tinge in thinlayers. The salt is not easily soluble in methy] alcohol and if the concentration 
of hydrogen chloride is low, change into a pseudo-base occurs. In aqueous sodium carbonate it 
gives a bright bluish-red solution; sodium hydroxide gives a purplish-red which fades immedi- 
ately. The addition of aqueous sodium acetate to the orange amyl-alcoholic solution produces 
a reddish-blue coloration in the alcoholic layer; the iron reaction was negative. 

3:5:6:7: 4'-Pentahydroxyflavylium Chloride (I; R, R’ = H).—A mixture of 3: 4’-dihydr- 
oxy-5 : 6: 7-trimethoxyflavylium chloride (5-0 g.), phenol (25 g.), hydriodic acid (240 c.c., 
d 1-7), and acetic anhydride (30 c.c.) was gently boiled for 2 hours in an atmosphere of carbon 
dioxide. The cooled solution was diluted with an equal volume of water and kept in the ice- 
chest for 24 hours; an iodide (4-4 g.) then separated, which was collected and converted into the 
chloride in the usual manner, by treatment of an alcoholic solution (75 c.c.) at 60° for 15 minutes 
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with an excess of freshly precipitated silver chloride and a piece of silver gauze. Hydrochloric 
acid (40 c.c. of 20%) was added to the filtered solution, and the alcohol partly evaporated by 
boiling ; on cooling, the chloride (2-8 g.) separated in an apparently amorphous condition. The 
substance crystallised, when hydrogen chloride was passed into its solution in methyl alcohol, 
in dark mauve-red prisms (Found: C, 52-8, 53-0; H, 4-0, 4-0; Cl, 10-2. C,,H,,0,Cl,H,O 
requires C, 52-9; H, 3-8; Cl, 10-4%). The salt is freely soluble in 1% aqueous hydrochloric 
acid to an orange-red solution; the alcoholic solutions in marked contrast are bluish-red. 
Ferric chloride added to a neutral alcoholic solution gives a purplish-violet coloration which is 
relatively stable. The solution in aqueous sodium carbonate is blue-violet, slowly changing 
to red; sodium hydroxide gives the same colorations but the change is more rapid. The red 
solution in amy] alcohol becomes bluer on the addition of sodium acetate. 

The following colour reactions were observed in the series of buffered solutions. On mixing : 
1% and 20% hydrochloric acid, yellow-orange; (1) orange; (3) reddish-orange; (5) redder than 
(3); (7) red with faint blue tinge; (9) permanganate shade, contrasts with (7); (11) violet; 
(13) blue-violet, both (1) and (13) fade quickly to a permanganate shade, not so bright as (9) ; 
(15) violet-blue fading to mauve; (16) blue fading to mauve; (17) greenish-blue. 

After 24 hours: 1% and 20% hydrochloric acid, unchanged ; (1) almost colourless; (3) and 
(5) colourless, small reddish-violet precipitate; (7) very light mauve; (9)—(16) light yellow- 
green; (17) light greenish-yellow. The addition of concentrated hydrochloric acid dissolves 
the precipitate in (3) and (5) giving an orange solution. The colour is not restored in the other 
solutions. 

3: 3’: 4'-Trihydroxy-5 : 6: 7-trimethoxyflavylium Chloride.—A moderate stream of dry 
hydrogen chloride was passed for 5 hours through an ice-cold solution of antiarolaldehyde 
(5-3 g.) and w: 3 : 4-triacetoxyacetophenone (7-4 g.) in ethyl acetate (120 c.c.). The stoppered 
flask was kept at room temperature for 6 days; after 2 days the solid (6-5 g.) was collected, 
washed with ethyl acetate and then ether, and crystallised by dissolution in hot 1% hydrochloric 
acid (1200 c.c.) and addition of sufficient 20% hydrochloric acid to give a hydrogen chloride 
concentration of approximately 8%. The substance (5-0 g.) separated in thin thread-like 
clusters which formed a bright red powder on drying; it darkened at 140° and decomposed 
without melting at 210°. A specimen was recrystallised by adding half its volume of 10% 
hydrochloric acid to its solution in hot methyl alcohol (Found in material dried in a vacuum over 
sulphuric acid: C, 52-8; H, 5-0; Cl, 8-7; MeO, 22-0; loss at 110° in a high vacuum over 
phosphoric oxide, 6-7. C,,H,,O,Cl,1-5H,O requires C, 53-0; H, 4-9; Cl, 8-7; 3MeO, 22-8; 
H,O, 66%. Found in material dried at 110°: C, 57-1; H, 4-7; Cl, 8-4; MeO, 23-6. C,,H,,0,Cl 
requires C, 56-7; H, 4-5; Cl, 8-4; 3MeO, 24-4%). 

The above are micro-analyses (Schoeller); a macro-estimation of methoxy] in the hydrate 
gave MeO, 22-9% and 2 hours’ boiling was necessary for the complete elimination of methyl 
iodide. 

An aqueous hydrochloric acid solution was orange-red and the bluish-red alcoholic solution 
became deep blue with slight red tinge on the addition of ferric chloride. Aqueous sodium 
carbonate gave a purple-blue, and sodium hydroxide a pure blue solution that was resistant to 
aerial oxidation for a short time. The addition of aqueous sodium acetate to the blue-red 
solution in amyl alcohol produced a violet colour in the alcoholic layer. 

3:5:6:7:3': 4'-Hexahydroxyflavylium Chloride (Quercetagetinidin Chloride) (I1).—The 
foregoing quercetagetinidin trimethy] ether (3-5 g.) was demethylated by boiling for 2 hours with 
a mixture of hydriodic acid (175 c.c., d 1-7, freshly distilled over red phosphorus), phenol (15 g.), 
and acetic anhydride (20 c.c.), a current of carbon dioxide being passed through the apparatus. 
The mixture was diluted with an equal volume of water and, on keeping 24 hours at 0°, an 
amorphous iodide (3-0 g.) separated. The iodide (2-5 g.) was dissolved in alcohol (45 c.c.) con- 
taining a drop of concentrated hydrochloric acid and treated for 15 minutes at 60° with an excess 
of freshly precipitated silver chloride and a small piece of silver gauze. Hydrochloric acid 
(30 c.c. of 20%) was added to the filtered solution, part of the alcohol evaporated, and on cooling 
the chloride (1-5 g.) separated, but in an amorphous condition. Considerable difficulty was 
experienced in the crystallisation of this material, but after repetition of the precipitation from 
alcoholic solution by addition of 10% hydrochloric acid, the salt was finally obtained in elongated 
oblique prisms, red by transmitted light and with a tendency to form twinned crosses (Found in 
material dried in a vacuum: C, 47-6; H, 4-4; Cl, 8-9; loss in a high vacuum at 110° over 
phosphoric oxide, 10-5. C,,;H,,0,Cl,2H,O requires C, 48-0; H, 4-0; Cl, 9-5; H,O, 9-6%). 

The solution in 1% aqueous hydrochloric acid is orange-red to brownish-red depending on 
the concentration, the blue tinge being much less in evidence than in the case of cyanidin solu- 
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tions. Aqueous sodium carbonate gives a purplish coloration which becomes decidedly redder 
aftera few minutes. Aqueous sodium hydroxide gives a blue, changing to a greenish-blue and is 
then moderately resistant to aerial oxidation. The alcoholic solution is bluish-red and the 
addition of a trace of ferric chloride gives a violet-blue coloration which quickly disappears. 
The addition of aqueous sodium acetate to the bluish-red amyl-alcoholic solution causes the 
precipitation of a flocculent violet colour-base. Aqueous sodium carbonate, when added to the 
amyl-alcoholic solution, gives a purplish-violet shade in the aqueous layer, but this fades quickly. 
The anthocyanidin is extracted from aqueous solution by means of ether in the presence of 
picric acid. 

The following colour reactions were observed in a range of buffered solutions. On mixing: 
1% and 20% aqueous hydrochloric acid, orange; (1) reddish-orange; (3) reddish-orange with 
slight blue tinge; (5) bluish-red; (7) permanganate; (9) bluer than (7); (11) contrasts strongly 
with (9), both have much the same blue-violet shade on mixing but (11) fades immediately, 
whereas (9) is comparatively stable for 15 minutes; (13) bright violet fading immediately to a 
dirty mauve; (15) blue for an instant, then dirty mauve; (17) greenish-blue, then green. 

After 20 minutes: (1) unchanged; (3), (5) and (7) slight fading; (9) mauve; (11) and (13) 
light mauve; (15) greener than (13); (17) light yellow-green. 

After 2 hours: (1) light reddish-mauve; (3) almost colourless; (5) faded only slightly ; 
(7) and (9) light mauve; (11) and (13) light brownish-mauve; (15) and (17) light yellow-green. 

After 24 hours: 1% and 20% hydrochloric acid, unchanged; (1), (3) and (5) colourless ; 
(7), (9) and (11) very pale brown; (13) slight brownish-green; (15) and (17) very light green. 
Concentrated hydrochloric acid restores the colour in (1), (3) and (5) only. 

3:3’: 4’: 5’-Tetrahydroxy-5 : 6: T-trimethoxyflavylium Chloride.—Dry hydrogen chloride 
was passed for 5 hours through an ice-cold solution of antiarolaldehyde (9-1 g.) and w: 3: 4: 5- 
tetra-acetoxyacetophenone (15-2 g.) in dry ethyl acetate (200 c.c.), absolute ethyl alcohol 
(35 c.c.), and glacial acetic acid (l5c.c.). The flask was corked and kept for 5 days; the almost 
black material (10-9 g.) was then collected and washed with ethyl acetate-ether and then ether. 
The crude material could not be crystallised and admixture with acetyl derivatives was suspected. 
It was therefore dissolved in 5% hydrochloric acid (about 1500 c.c.), the solution boiled for 1 hour 
and filtered, and a saturated aqueous solution of picric acid added; on cooling, an amorphous 
picrate (13-7 g.) separated. This derivative was sparingly soluble in alcohol and was purified 
by extraction with boiling alcohol (200 c.c.) containing picric acid (5 g.). After cooling, the 
picrate (11-1 g.) was collected, washed with alcohol, and crystallised from alcohol, forming red 
spear-shaped plates (Found : C, 48-0; H, 3-8; N, 6-8; MeO, 16-9; lossat 100° ina high vacuum, 
4:1. C,,H,g0,,C,H,O,N;,H,O requires C, 47-5; H, 3-5; N, 6-9; 3MeO, 15-3; H,O, 3-0%). 

The picrate was dissolved in 5% methyl-alcoholic hydrogen chloride (100 c.c.) and, on 
further passage of hydrogen chloride, the chloride partly separated and precipitation was com- 
pleted by means of ether. The crystalline chloride (7 g.) thus obtained was recrystallised by 
passing dry hydrogen chloride into its solution in hot alcohol (500 c.c.). On cooling, elongated 
rectangular prisms (6-6 g.) separated, which were dried in a vacutm over sulphuric acid (Found : 
C, 54-6; H, 4-8; Cl, 8-8; MeO, 25-2. C,,H,,O,Cl requires C, 54-5; H, 4-3; Cl, 9-0; MeO, 
23-4%). The method of crystallisation perforce employed probably caused a slight etherification 
of hydroxy] groups and this accounts for the high figure for methoxy] content. 

The solution in aqueous hydrochloric acid is dark red with a slight blue tinge; the alcoholic 
solution is deep bluish-red and with ferric chloride gives an intense pure blue coloration. Aqueous 
sodium carbonate gives a pure blue and sodium hydroxide a blue-violet solution. The addition 
of aqueous sodium acetate to the bluish-red amyl-alcoholic solution produces an intense violet 
coloration in the alcoholic layer. 

3:5:6:7:3':4': 5'-Heptahydroxyflavylium Chloride (I; R,R’ = OH).—3: 3’: 4’ : 5’-Tetra- 
hydroxy-5 : 6: 7-trimethoxyflavylium chloride (3-6 g.) was demethylated in 2 hours by a 
boiling mixture of hydriodic acid (140 c.c., d 1-7) and phenol (18 g.) in an atmosphere of carbon 
dioxide. On cooling and dilution with ether, the iodide (2-9 g.) separated and it was changed 
into chloride (1-8 g.) in the usual way. The salt was purified by dissolution in alcohol (50 c.c.) 
and addition of 10% hydrochloric acid (25 c.c.) to the hot solution. After several such treat- 
ments, the product was obtained in a micro-crystalline condition and dried in a vacuum over 
sulphuric acid (Found : C, 46-0; H, 4-4; Cl, 8-9; loss at 110° ina high vacuum over phosphoric 
oxide, 11-0; MeO, 0-0. C,;H,,0,Cl,2H,O requires C, 46-1; H, 3-9; Cl, 9-1; H,O, 9-2%). On 
drying at 110° the salt loses some hydrogen chloride as well as water. 

The solution in 1% aqueous hydrochloric acid is. bright red with only a faint blue tinge in 
thin layers; the alcoholic solution is bluish-red and on the addition of ferric chloride gives an 
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unstable violet-blue coloration. When absolute alcohol is used the solution is violet-red and 
the addition of ferric chloride gives a pure blue coloration much more permanent than in the 
presence of water. The aqueous sodium carbonate solution is blue-violet, oxidising rather 
quickly. Aqueous sodium hydroxide gives a pure blue, changing to a greenish-blue, soon dis- 
charged on exposure to air. The solution in amy] alcohol is bluish-red and on the addition of 
aqueous sodium acetate an unstable flocculent violet colour-base is precipitated. 

The following colour reactions were observed in the range of buffered solutions. On mixing : 
1% and 20% aqueous hydrochloric acid, reddish-orange; (1) more intense reddish-orange ; 
(3) reddish-violet; (5) dull permanganate; (7) bright permanganate; (9), (10), and (11) blue- 
violet, of increasing blueness; (13) blue with faint violet tinge; (15) blue; (17) violet-blue. 
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After 20 minutes : (1)—(5) unchanged; (7) slight fading; (9) dull violet; (10) as (9); (11) 
contrasts strongly with (9) and (10), all were much the same shade on mixing, but the violet tinge 
of (11) quickly disappears leaving a pure bright blue; (13) bright blue; (15) slightly duller blue 
than (13). 

After 24 hours: 1% and 20% hydrochloric acid, unchanged ; (1) and (3) colourless solution 
containing a sma]l amount of violet precipitate; (5) precipitate and very pale dull reddish- 
violet; (7)—(11) very light brown; (13) light blue-grey; (15) light violet; (17) light pink. 

Absorption in the Visible Region.—The absorption of light in the region 4000—6000 A. of the 
6-hydroxyanthocyanidin chlorides is illustrated in the Fig. Ineach casea 0-25N /104-solution 
in 0-1% methyl-alcoholic hydrogen chloride was employed. 


The authors are indebted to the Royal Commissioners for the Exhibition of 1851 for an 
Overseas Scholarship (Canada, 1931) awarded to one of them. 


Tue Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, July 26th, 1934.] 
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356. Some Derivatives of Hydroxyquinol, including a Synthesis of Pyryl- 
ium Salts of Anthocyanidin Type. Part XXII. 


By (Miss) M. HEALEY and ROBERT ROBINSON. 


ALTHOUGH hydroxyquinol derivatives have been recognised in nature, zsculin being the 
best-known example, they are not of frequent occurrence and therefore all the more interest 
attaches to the observations of Raistrick and Hetherington (Phil. Trans., 1931, B, 220, 
209) and Nagai and Hattori (Acta Phytochim., 1930, 5, 1), who have investigated citro- 
mycetin and primetin respectively. The former is almost certainly a hydroxyquinol 
derivative related to the benzo-y-pyrone group and the latter is probably 5 : 6-dihydroxy- 
flavone (I). Some few years ago we commenced the preparation of reference compounds 
in these groups by the synthesis of 3 : 6 : 7-trihydroxy-2-methylchromone (II) and of 6 : 7-di- 
hydroxyflavone (III), using methods which were essentially those of Allan and Robinson 
(J., 1924, 125, 2192; compare Tahara, Ber., 1892, 25, 1302; Nagai, ibid., p. 1287; 
Kostanecki and Rozycki, Ber., 1901, 34, 107). 


\cph HO c HOY’ \’?\cPh 
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The Hoesch reaction using hydroxyquinol and methoxyacetonitrile (compare Slater and 
Stephen, J., 1920, 117, 313) results:in the production of the ketone (IV) in only 5% yield 
under the usual! conditions, but under a small pressure of hydrogen chloride this could be 
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increased to 50% ; condensation to the methyl ether of (II) was easily effected on heating 
with acetic anhydride and sodium acetate and subsequent hydrolysis. The trimethyl 
ether of (II) could not be equated with a methylated degradation product of citromycetin, 
kindly supplied by Professor Raistrick, with which it is isomeric, and with which it might 
have proved to be identical. 

In the hope of synthesising 2 : 5 : 6-trihydroxyacetophenone various modes of acetyl- 
ation of hydroxyquinol have been studied; these all furnished 2 : 4 : 5-trihydroxyaceto- 
phenone (compare Badhwar and Venkataraman, J., 1932, 2420; Mauthner, J. pr. Chem., 
1933, 136, 213). 

The main product of the action of aluminium chloride on 2: 4: 5-triacetoxybenzene 
(compare Rosenmund and Schnurr, Annalen, 1928, 460, 56) was a trihydroxydiacetyl- 
benzene, presumably (V). Methylation of this diketone by means of diazomethane, how- 
ever, gave a substance C,,H,,0; containing two methoxyl groups and exhibiting phenolic 
character. As methylation of the nucleus in the only remaining position, o- to only one 
hydroxyl and op- to two carbonyl groups, seems improbable, we suggest that the methyl- 
ation may have extended one of the side-chains as shown in (VI) for one of the various 
possibilities. There are, of course, well-established analogous reactions (Arndt e¢ alia). 

Benzoylation of 2 : 4: 5-trihydroxyacetophenone (compare Robinson and Venkatara- 
man, J., 1929, 2219) * afforded the dihydroxyflavone (III), which is not identical with 


* Dr. K. Venkataraman carried out at my suggestion the first syntheses of naturally occurring 
flavones by the method of direct aroylation of phloracetophenone (/oc. cit.) and when he left the labor- 
atory it was agreed that he might continue similar researches in certain series. Unfortunately 
he has not respected these limitations and has now anticipated me in publication of completed work in 
at least four important cases, all of which are perfectly natural developments of the new synthetic 
method to which I drew Dr. Venkataraman’s attention. One of the more recent examples is that of 
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primetin. No account of this work need now be submitted, as we have been anticipated 
in publication by Chadha and Venkataraman (J., 1933, 1073). 

We have also synthesised flavylium salts containing a hydroxyquinol nucleus for com- 
parison with isomeric anthocyanidins. The effect of the transposition of the hydroxyl 
from position 5 to 6 is large and the new salts are much yellower (less blue) than the antho- 
cyanidins in acid and in alkaline solution. Thus the pelargonidin analogue gives only an 
orange-coloured solution in acidified alcohol, whereas pelargonidin is bluish-red under these 
conditions. The preparation of these salts did not proceed smoothly owing to the pro- 
nounced tendency of the hydroxyquinol derivatives to undergo condensation to xanthylium 
salts and other substances. These were therefore investigated as a preliminary and some 
curious results were the outcome. In some of the earlier experiments we had used 80°, 
formic acid as a solvent in attempted condensations of 2 : 4 : 5-trihydroxybenzaldehyde 
and methyl aryl ketones in the presence of hydrogen chloride ; the products were found to 
be obtained independently of the added ketone. This led to a study of the simpler cases and 
it was found that formic acid itself may enter into the condensation. 

Pratt and Robinson (J., 1923, 123, 740) condensed phloroglucinol and other phenols 
with ethyl formate under the influence of hydrogen chloride and obtained xanthylium salts 
in high yield. We have found that formic acid may be employed in place of its ester in many 
cases, and a more general account of the work in this field will be submitted later. 

The condensation of hydroxyquinol by means of hydrogen chloride in 80°, formic acid 
solution leads to the production of 2 : 3: 6 : 7-tetrahydroxyxanthylium chloride (VII). The 
properties of this salt are divergent from those of 1:3: 6: 8-tetrahydroxyxanthylium 
chloride (Pratt and Robinson, loc. cit.). 2:4: 5-Trihydroxybenzaldehyde, when similarly 
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treated, yields a different xanthylium salt, apparently also of the composition C,,H,O;Cl; 
the nature of this isomeride has not been fully elucidated, but (VIII) is perhaps a plausible 
suggestion. When hydrogen chloride is passed into a solution of hydroxyquinol and 
2:4: 5-trihydroxybenzaldehyde in 80% formic acid, the two salts already mentioned are 
produced and in addition a third oxonium salt, the reactions of which recall those of the 
anthocyanidin group; this also is an unsolved problem. 

In the condensations leading to the polyhydroxyflavylium salts (IX) the production of 
xanthylium derivatives could not be avoided but pure specimens of the isomerides of 
pelargonidin, cyanidin, and delphinidin were ultimately obtained. 

The distribution of these salts between immiscible solvents such as isoamyl alcohol- 
water, ether—picric acid—0-5% hydrochloric acid, and the special reagents introduced by 
Robinson and Robinson (Biochem. J ., 1931, 25, 1704) closely resembles that of the naturally 
occurring isomeric anthocyanidins. The colour reactions are, however, widely divergent. 


EXPERIMENTAL. 


Hydroxyquinol.—The triacetate was readily obtained by the modification of Thiele’s method 
(Ber., 1898, 31, 1298) described in ‘‘ Organic Syntheses ’’ (4, 35). The hydrolysis of the tri- 
acetate, however, ‘was found to be a difficult operation and neither Thiele’s original process nor 
one depending on the use of alkalis in oxygen-free media was convenient. A modification of 


Thiele’s method was finally adopted. 





the flavone tricin, which has been synthesised in this laboratory and also by Gulati and Venkataraman 
(J., 1933, 942). The method used by these authors is identical with that devised for the synthesis of 
the related flavonol, namely, syringetin (Heap and Robinson, J., 1929, 67), and it is, of course, identical 
with the method used in this laboratory in a parallel investigation which cannot now be published. 
Dr. Venkataraman has not informed me of his intention to undertake such investigations and the result 
has been a considerable waste of labour, time, and material.—R. R. 
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A mixture of 2 : 4: 5-triacetoxybenzene (50 g.), methyl alcohol (100 c.c.), and concentrated 
hydrochloric acid (10 c.c.) was refluxed for 1 hour and then distilled under diminished pressure 
below 30° until the dark green liquid acquired a brown colour; on cooling, the hydroxyquinol 
separated in small grey crystals (20 g. or 80%). 

2:4: 5-Trihydroxybenzaldehyde was prepared from this material by Gattermann and 
K6ébner’s method (Ber., 1899, 32, 282) in 70% yield. 

The triacetyl derivative was obtained by shaking a mixture of the trihydroxybenzaldehyde 
(2g.), ether (150 c.c.), acetic anhydride (14 c.c.), and potassium carbonate (7g.) for lhour. The 
product crystallised from alcohol in colourless prisms, m. p. 115° (Found: C, 55-6; H, 4-3. 
C,3H,,0, requires C, 55-7; H, 4-2%). The derivative is insoluble in dilute aqueous alkalis and 
gives no iron reaction in alcoholic solution. 

The monobenzoyl derivative was obtained as follows. A solution of 2: 4: 5-trihydroxy- 
benzaldehyde (5-2 g.), aqueous potassium hydroxide (20-2 c.c. of 10%), and water (108 c.c.) 
was cooled to 0°, and benzoyl chloride (4-2 c.c.) added very gradually with vigorous shaking. 
When the odour of benzoyl] chloride had disappeared, sodium hydrogen carbonate was added in 
excess and, after stirring for 30 minutes, the solid was collected, again triturated with sodium 
bicarbonate solution, collected, and dried (8 g.). The crude product was dissolved in hot alcohol 
(charcoal), the filtered solution concentrated (ca. 50 c.c.), and hot water added to the hot solution 
until it clouded ; alcohol (0-5 c.c.) was then added to clear the liquid, which was kept for 12 hours 
and deposited crystals; after recrystallisation from aqueous alcohol, pinkish irregular plates 
(1-5 g.), m. p. 184°, were obtained (Found: C, 64-9; H, 3-9. C,,H,.O, requires C, 65-1; H, 
39%). This derivative is soluble in acetone and alcohol, and sparingly soluble in benzene, 
chloroform, and light petroleum. 

A dark green coloration is obtained on the addition of ferric chloride to an alcoholic solution 
and this may be taken as an indication that the benzoyl group is in position 2 or 4. If the 
hydroxyl in position 5 had been benzoylated, we would anticipate that the resulting resorcinol 
derivative should exhibit a violet iron reaction. The following experiment shows that the 
benzoyloxy-group is not in position 2. Hence we consider that the derivative is 2 : 5-dihydroxy- 
4-benzoyloxybenzaldehyde. 

A solution of O-monobenzoylhydroxyquinolaldehyde (0-1 g.) and w : 3: 4-triacetoxyaceto- 
phenone (0-1 g.) in 80% formic acid (10 c.c.) was saturated with hydrogen chloride during 3 
hours and next day the flavylium salt (clusters of tiny needles) was collected and washed with 
ether. This salt was easily soluble in alcohol toa purplish-red solution ; the very dilute solution 
in methyl alcohol was pure blue. When an equal volume of water was added to the purplish- 
red methyl-alcoholic solution, the colour faded instantly and was fully restored by the addition of 
acid. A clear blue solution resulted when a drop of aqueous sodium carbonate was added to a 
freshly prepared alcoholic solution of the salt ; on standing, the solution became mauve and then 
pink. The salt dissolved in aqueous sodium carbonate, but the blue initial coloration rapidly 
faded to green and then yellow. These and other reactions which were noted establish that this 
salt is a flavylium salt and that it is different from the isomeride of cyanidin described below. 
Hence it is probably a benzoyl derivative of the latter. This method of synthesis of the salts 
herein described will be reinvestigated at an early opportunity. 

2:4: 5-Trihydroxy-w-methoxyacetophenone (1V).—A mixture of hydroxyquinol (28 g.), 
methoxyacetonitrile (17 g.), and ether (100 c.c.) along with powdered zinc chloride (10 g.) was 
saturated with hydrogen chloride under a pressure of 1-5 atm. and the whole was kept for 5 days 
in the ice-chest. The supernatant liquid was decanted from the ketimine hydrochloride, which 
was decomposed by the minimum of hot water; the ketone separated, on cooling, in greenish 
needles. It crystallised from water in colourless needles, m. p. 95° (yield, 50%) (Found : 
C, 50-0; H, 5-6; MeO, 14-1. C,H,,0;,H,O requires C, 50-0; H, 5-6; 1MeO, 14-3%). 

6 : 7-Dihydroxy-3-methoxy-2-methylchromone.—2 : 4 : 5-Trihydroxy-w-methoxyacetophenone 
(7-1 g.), fused sodium acetate (9-8 g.), and acetic anhydride (13 g.) were heated together (oil-bath 
at 170°) for 5 hours, and the reaction product then added to hot 6N-hydrochloric acid (400 c.c.) ; 
the acetoxy-groups suffered hydrolysis under these conditions. The sandy powder crystallised 
from methyl alcohol (charcoal) in colourless needles (6-2 g.), m. p. 272° (decomp.) (Found : 
C, 59-3; H, 4-4. C,,H,,O, requires C, 59-5; H, 45%). The solution in alcohol fluoresces 
green and gives a green coloration on the addition of ferric chloride. 

Diacetate. The dihydroxymethoxymethylchromone (1 g.) was heated with acetic anhydride 
(4 c.c.) and pyridine (2 drops) for 2 hours on the steam-bath, and the mixture decomposed by 
ice-water ;‘ colourless plates, m. p. 129—130° (Found: C, 58-7; H, 4-6. C,,;H,,0, requires 
C, 58-8; H, 46%). 

50 
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Dimethyl ether. The dihydroxy-compound was shaken with 8% aqueous sodium hydroxide 
and methyl sulphate at first in the cold, finally on the steam-bath. The colourless needles that 
separated, crystallised from methyl alcohol, had m. p. 185-5—186° (Found : C, 62-3; H, 5-6; 
MeO, 36-9. C,,;H,,0,; requires C, 62-4; H, 5-6; 3MeO, 37-2%). 

3: 6 : 7-Trihydroxy-2-methylchromone.—Dihydroxymethoxymethylchromone (1 g.) was 
refluxed with hydriodic acid (20 c.c., d 1-7) for 45 minutes, and dilute sulphurous acid added, 
precipitating a brown powder. The substance crystallised from methyl] alcohol (charcoal) in 
colourless needles (0-6 g.), having no definite m. p. (Found: C, 53-4; H, 4:3. C,,H,O,;,H,O 
requires C, 53-1; H, 4-4%). 

2:4: 5-Trihydroxyacetophenone.—The Hoesch reaction cannot be satisfactorily applied in 
this case; hydroxyquinol (6 g.), acetonitrile (4 g.), zinc chloride (4 g.), and ether (40 c.c.) satur- 
ated with hydrogen chloride for 5 hours and kept for 3 days afforded on working up only 0-4 g. 
of the trihydroxyacetophenone, m. p. 201° (Found: C, 57-0; H, 4-9. Calc. for C,H,O,: 
C, 57-1; H, 48%). The ketone is best obtained by Bargellini’s method (Gazzetta, 1910, 40, 347) 
and suitable conditions consist in heating (20 minutes) hydroxyquinol triacetate (30 g.) with 
acetic acid (45 g.) and zinc chloride (45 g.); the product is separated by means of benzene into 
a readily soluble and a very sparingly soluble constituent, the latter being the trihydroxyaceto- 
phenone, which is recrystallised from water. The product soluble in benzene is hydroxydiacet- 
oxyacetophenone and we found it necessary to modify the prescription for its hydrolysis. The 
diacetate (16 g.) was refluxed with concentrated sulphuric acid (50 c.c.) and water (150 c.c.) for 
2 hours; on cooling, the trihnydroxyacetophenone separated in reddish needles and was recrystal- 
lised from water, m. p. 201° (m. p. 206° on repeated crystallisation ; compare Mauthner, Joc. cit.). 

2:4: 5-Trihydroxy-1 : 3-diacetylbenzene (V).—Bargellini (Gazzetta, 1913, 43, 164) mentions 
in a footnote the preparation of a compound presumed to be a diketone, by the action of alumin- 
ium chloride on 2 : 4: 5-triacetoxybenzene. We have encountered what is probably the same 
substance in the course of attempts to obtain isomeric methyl] ketones from hydroxyquinol. 

With nitrobenzene as diluent (compare Rosenmund and Schnurr, Joc. cit.) the action of 
aluminium chloride on hydroxyquinol triacetate gave unchanged substance and some 2: 4: 5- 
trihydroxyacetophenone. Ina similar reaction with hydroxyquinol itself (compare Rosenmund 
and Schulz, Arch. Pharm., 1927, 265, 308) the only ketone isolated was 2: 4: 5-trihydroxy- 
acetophenone. 

2:4: 5-Triacetoxybenzene (5 g.) was intimately mixed with powdered aluminium chloride 
(32 g.) and heated (oil-bath, 140°) until evolution of hydrogen chloride ceased (about 35 minutes). 
The product was decomposed with dilute hydrochloric acid and ice; direct crystallisation of the 
separated solid from water gave clusters of pale yellow prisms, m. p. 186° (yield, 30%) (Found : 
C, 56-9; H, 4-7. C, 9H, 90, requires C, 57-1; H, 4-8%) and extraction of the filtrate with ether 
afforded 2 : 4 : 5-trihydroxyacetophenone, m. p. 201° after recrystallisation. 

The diketone is readily soluble in most organic solvents; it is unchanged on refluxing with 
aqueous methyl-alcoholic hydrochloric acid or with 60% sulphuric acid and hence does not 
contain acetoxy-groups. It should be noted that the presence of more acetoxy-groups would 
not affect the results of elementary analysis. 

The triacetyl derivative, obtained by the use of acetic anhydride and pyridine, crystallised 
from ethyl alcohol in colourless clustered needles, m. p. 144° (Found : C, 57-0; H, 4-9. C,,H,,0, 
requires C, 57-1; H, 48%). The substance developed no coloration with ferric chloride in 
alcoholic solution. 

The tribenzoy] derivative, prepared from the diketone and benzoy] chloride in dry pyridine, 
crystallised from methy] alcohol in colourless needles, m. p. 140-5°. With the diketone (1 mol.) 
and benzoyl chloride (2 mols.) a substance, m. p. 116°, was obtained. Attempts to effect the 
ring-closure of these derivatives were unsuccessful. 

Homologue of Hydroxydimethoxydiacetylbenzene (probably VI, or MeCO and EtCO transposed, 
or —-CH,°COMe instead of -COEt).—A solution of diazomethane (from 10-7 g. of nitrosomethy]l- 
urethane) in dry éther was added to one of trihydroxydiacetylbenzene (5 g.) in a little acetone 
and next day the solvents were removed by distillation. The residue was a complex mixture, 
but a pure product could be isolated by means of 95% alcohol as large rectangular prisms, m. p. 
89-5—90° (Found: C, 61-7; H, 6-3; MeO, 24-6. C,,H,,0,; requires C, 61-9; H, 6-3; 2MeO, 
24-6%). The substance is phenolic and gives a dark green coloration on the addition of ferric 
chloride to its alcoholic solution. 

2:3:6: 7-Tetrahydroxyxanthylium Chloride (VII).—Dry hydrogen chloride was slowly 
passed into a solution of hydroxyquinol (2-1 g.) in 80% formic acid (100 c.c.) for 2hours. The 
solution became red and then purple, and a crystalline substance separated and was collected 
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after 12 hours. It formed bundles of microscopic brown needles having in mass a dark, olive- 
green appearance (1-8 g.) and it was recrystallised from very dilute hydrochloric acid (Found : 
C, 48-0; H, 4-6; Cl, 19-0. C,,H,O,Cl,2-5H,O requires C, 47-9; H, 4-3; Cl, 10-9%). The salt 
is easily soluble in alcohol to a deep red solution and when an equal volume of water is added, a 
red flocculent solid is precipitated. 

In aqueous sodium carbonate, the cobalt-blue solution initially produced fades almost 
immediately to purple, red and then brownish-yellow; these colour changes are also brought 
about on dilution and are due to aerial oxidation. The reaction in aqueous sodium hydroxide 
is similar and the Prussian-blue solution behaves in the manner described on dilution. The 
addition of solid sodium acetate to the freshly prepared alcoholic solution precipitates a purple 
solid. 

The red aqueous solution on large dilution is yellow and exhibits an intense green fluorescence. 

Condensation of 2: 4: 5-Trihydroxybenzaldehyde with Hydroxyquinol in Formic Acid Solution. 
—A solution of the aldehyde (0-5 g.) and hydroxyquinol (0-5 g.) in 80% formic acid (10 c.c.) was 
saturated with hydrogen chloride during 5 minutes. On filtration, a small amount of a red 
crystalline product (A) was obtained. Hydrogen chloride was passed for 1 hour and the solution 
became filled with a dark green solid, which was collected and washed with dry ether (100 c.c.). 
The solid consisted of a mixture of (A), which was very sparingly soluble in water, and 2 : 3: 6: 7- 
tetrahydroxyxanthylium chloride (B), which was readily soluble in water and was identified by 
direct comparison with an analysed specimen. The filtrate was kept for 60 hours and deposited 
dark brown needles having a bluish-black appearance in mass (C) (Found: C, 55-8; H, 4-3; 
Cl, 9-0. Cy y,H,,0,Cl requires C, 56-1; H, 3-7; Cl, 8-7%). 

The product (C) dissolved in methyl alcohol to give a ruby-red solution, and on the addition 
of sodium acetate a bright red solid was precipitated. Its solution in aqueous sodium hydroxide 
was purplish-blue and on dilution the colour changed through red to pink. It dissolved in 
aqueous sodium carbonate to give a violet-red solution ; on dilution the colour changed to orange. 
The attractive possibility that this salt is 2:3: 6:7: 2':4': 5’-heptahydroxy-9-phenylxanthylium 
chloride is not in agreement with the estimation of hydrogen (C,,H,,0,Cl requires H, 3-2%). 
However, the value for hydrogen found was high for the suggested formula also. 

The product (A) was identified by its reactions as the condensation product obtained when 
hydrogen chloride is passed into a solution of 2: 4: 5-trinydroxybenzaldehyde in 80% formic 
acid. It was obtained in the course of many attempted condensations to flavylium salts, 
especially when methyl ketones were used as second components. It separated as characteristic 
maroon crystals (Found: C, 51-6, 51-8; H, 3-8, 3-9; Cl, 11-5, 11-7, 11-1. C,,;H,O;Cl,H,O 
requires C, 52-3; H, 3-7; Cl, 11-5%). Some specimens have a higher value for carbon content 
(up to C, 53-8. C,,;H,O,Cl,0-5H,O requires C, 54-0%), indicating variable hydration. All the 
specimens had identical properties and colour reactions. 

The substance is sparingly soluble in alcohol to an orange solution exhibiting a green fluores- 
cence that is intensified on dilution with water. The solution in aqueous sodium carbonate is 
red with a purplish tinge, that in aqueous sodium hydroxide is cherry-red and lacks the purple 
tinge. 

In aqueous 2N-hydrochloric acid, a greenish-yellow solution is obtained; this is non- 
fluorescent and correspondingly the addition of a drop of concentrated hydrochloric acid to the 
orange fluorescent aqueous alcoholic solution changes the colour to yellow and destroys the 
fluorescence. Evidently it is an orange fluorone that exhibits fluorescence. 

The condensation of 2: 4: 5-trihydroxybenzaldehyde and hydroxyquinol in ethyl acetate 
solution under the influence of hydrogen chloride afforded a crystalline solid which consisted of 
brown needles having a dark green appearance in mass. It was identified by comparison as 
2:3: 6: 7-tetrahydroxyxanthylium chloride. 

3:6: 7: 4'-Tetrahydroxyflavylium Chloride (IX; R, R’=H).—A rapid stream of hydrogen 
chloride was passed through a solution of 2 : 4: 5-trihydroxybenzaldehyde (0-3 g.) and w : 4-di- 
acetoxyacetophenone (0-2 g.) in 80% formic acid, and after 10 minutes the red xanthylium salt 
was collected and hydrogen chloride was passed into the filtrate for 3 hours. After 2 days the 
crystalline homogeneous flavylium salt was collected and washed with dry ether. Under the 
microscope it was observed to consist of irregular amber plates; in mass it had a bright green 
lustre. It was recrystallised, by distilling an alcoholic solution containing a few drops of con- 
centrated hydrochloric acid, in twinning elongated leaflets (Found: C, 55-6; H, 4-2; Cl, 10-7. 
C,;H,,0,Cl,H,O requires C, 55-6; H, 4:0; Cl, 10-8%). The ferric reaction is cherry-red in 
alcoholic solution, brown-red on the addition of water. 

The salt dissolved readily in methyl alcohol to an orange-red solution; on dilution with an 
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equal volume of water, the blue tinge increased and a reddish-purple flocculent solid was precipi- 
tated. The pink solution in water is decolorised on warming, and the colour is at once restored 
on acidification. The dilute acid solutions are orange-coloured, in striking contrast with the 
normal series of anthocyanidins. The salt dissolves in aqueous sodium carbonate and sodium 
hydroxide to give purplish-red solutions. The addition of sodium acetate to the freshly prepared 
alcoholic solution of the salt precipitated the colour-base. These reactions are so characteristic 
that it is thought unnecessary to record the colours obtained in buffered solutions of graded 
py, and the same comment applies to the isomerides of cyanidin and delphinidin mentioned 
below. 

3’: 4': 3:6: 7-Pentahydroxyflavylium Chloride (IX; R=OH, R’=H).—Dry hydrogen 
chloride was passed rapidly into a solution of 2: 4: 5-trihydroxybenzaldehyde (1-0 g.) and 
@ : 3: 4-triacetoxyacetophenone (2-0 g.) in 80% formic acid (50c.c.). After 2 minutes the 
crystalline xanthylium salt appeared, and after 5 minutes the mixture was filtered. Dry 
hydrogen chloride was passed into the filtrate for a further period of 6 hours, during which time 
no more of the red xanthylium salt, but a dark green flavylium salt separated. This was 
collected, washed with dry ether, and so obtained in clusters of red-brown needles having in 
mass a dark sparkling green appearance (Found: C, 47-8; H, 3-7; Cl, 9-8. C,;H,,0,C1,3H,O 
requires C, 47-8; H, 4-0; Cl,9-5%). Adifferent hydrate was obtained by distilling an alcoholic 
solution containing concentrated hydrochloric acid until crystallisation occurred in the hot 
liquid. The slender rreedles obtained were brown-red by transmitted light, dark violet-brown 
in mass and exhibited a metallic lustre (Found: C, 52-7; H, 3-8; Cl, 10-3. C,;H,,0,Cl,H,O 
requires C, 52-9; H, 3-8; Cl, 10-4%). The ferric reaction in both aqueous and alcoholic solutions 
is a rich intense violet (cyanidin, pure blue inalcohol). This salt is easily soluble in alcohol toa 
violet-red solution, which becomes purple on dilution with more alcohol or with an equal volume 
of water, and on heating a purple colour-base is precipitated. A purplish-blue colour results 
when a drop of aqueous sodium carbonate is added to a freshly prepared alcoholic solution ; this 
fades slowly to purple and then red inan hour. Sodium acetate added to the methyl-alcoholic 
solution of the salt gives a stable purple coloration and the purple colour-base is precipitated. 
The salt dissolves in aqueous sodium carbonate to give a purplish-blue solution which rapidly 
fades (5 minutes) to a grey-green colour ; in aqueous sodium hydroxide, the Prussian-blue colour, 
initially produced, fades completely in one hour. 

3’: 4’: 5’: 3:6: 7-Hexahydroxyflavylium Chloride (IX; R, R’=OH).—Dry hydrogen 
chloride was passed slowly into a solution of 2: 4: 5-trihydroxybenzaldehyde (0-2 g.) and 
@: 3:4: 5-tetra-acetoxyacetophenone (0-4 g.) in 80% formic acid (10 c.c.) for 6 hours at room 
temperature. Next day the purple solution contained in suspension the maroon crystals of the 
aldehyde self-condensation product and also a dark green micro-crystalline flavylium salt. As 
purification of these salts by chemical means presented difficulty, they were separated mechanic- 
ally. The flavylium salt was much more dense than the xanthylium compound ; accordingly a 
mixture of the two solids was repeatedly shaken with dry ether in a flask, and the ether, which 
then contained the greater part of the xanthylium salt in suspension, was decanted. After 
many repetitions of this process a specimen of flavylium salt was obtained which on microscopic 
examination proved to be homogeneous (Found: C, 51-9; H, 4:2; Cl, 9-1. C,,;,H,,0,C1,0-5H,O 
requires C, 51-9; H, 3-6; Cl, 10-2%). 

The salt was obtained in clusters of reddish-brown prisms having a dark green appearance in 
mass. It is easily soluble in alcohol to a ruby-red solution with a purple tinge, increasing on 
dilution ; when an equal volume of water or solid sodium acetate is added the purple colour-base 
is precipitated. The very dilute methyl-alcoholic solution is violet and a purple coloration 
results when a drop of aqueous sodium carbonate is added. The salt dissolves in aqueous 
sodium carbonate, but the purple colour initially produced fades quickly to red; in aqueous 
sodium hydroxide a cobalt-blue solution, which fades to purple and then to red in about an hour, 
is obtained. ~ 

It is sparingly soluble in cold water, and dissolves readily on heating to a purplish-red solu- 
tion which is soon decolorised, the colour being restored on acidification. In dilute aqueous acids 
it dissolves to brown-red solutions and on great dilution the brown tinge disappears and the 
solution becomes bluish-red. The ferric reaction in alcoholic solution is a rich violet-blue, 
red-violet in thin layers. 

The addition of a saturated aqueous solution of picric acid to an aqueous solution of the salt 
precipitates the picrate in clusters of slender red-brown needles which may be recrystallised from 
half-saturated aqueous picric acid (Found in material dried at 80° in a high vacuum over phos- 
phoric oxide: C, 47-7; H, 2-6; N, 7-6. . C,,H,;,;0,,N, requires C, 47-5; H, 2-4; N, 7-9%). 
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The chloride was recovered from this derivative and found to have the colour reactions already 


described. 
Absorption in the Visible Region.—The salts were examined in 0-25N /104-solution in 0-1% 





1:2 


~~ 
S 


> 
® 


Absorption coefficients. 
- 
~ D 


Ss 








rT l 
5600 5200 4800 o 4400 « 
Wave -lengths,(A.. 


I. 3:6: 7: 4’-Tetrahydroxyflavylium chloride. II. 3:6:7: 3’: 4’: 5’-Hexahydroxyflavylium chloride. 





methyl-alcoholic hydrogen chloride. The effect of the hydroxy] in the 6-position, replacing that 
in the 5-position of the anthocyanidins, is to make the transmitted light much yellower (less blue). 
We are indebted to Mrs. A. M. Robinson for kindly making these observations. 
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357. Hydroxy- and Chloro-derivatives of 2-Methylanthraquinone. 


By G. J. MARRIOTT and ROBERT ROBINSON. 


TuIs investigation was initiated in the hope of obtaining synthetically, and in relatively 
large amounts, some close analogue of helminthosporin (Charles, Raistrick, Robinson, 
and Todd, Biochem. J., 1933, 27, 499) so that the derivatives of this trihydroxymethyl- 
anthraquinone might be studied by proxy at least in a preliminary exploratory manner. 
This work is still in progress and we now report some matters of interest that have arisen 
incidentally. 

The substance which we desired to obtain was 1 : 5: 8-trihydroxy-2-methylanthra- 
quinone, which has been described by Graves and Adams (J. Amer. Chem. Soc., 1923, 
45, 2439) but not characterised very closely, for example, by means of its triacetate or 
other derivative. Graves and Adams started from 3 : 6-dimethoxyphthalic acid and we 
sought to utilise the more readily accessible 3 : 6-dichlorophthalic acid. 

The condensation of 3 : 6-dichlorophthalic anhydride with o-tolyl methyl ether in the 
presence of aluminium chloride was described by Walsh and Weizmann (J., 1910, 97, 
691), but these authors considered that demethylation occurred in the process.. We have 
obtained the same substances (substituted benzoylbenzoic acid and anthraquinone) and 
find that demethylation does not occur, and indeed the analytical results of Walsh and 
Weizmann are in better agreement with this view than with that which was adopted. 
Demethylation or partial demethylation certainly occurred in the corresponding reaction 
with ~-tolyl methyl ether, and this is another instance of the protective effect of an o- 
situated methyl group. It is also probable that the constitutions for their products proposed 
by Walsh and Weizmann are incorrect, because the original condensation should give the 
acid (I) by attack of the -position to the methoxyl (compare Graves and Adams, /oc. cit.) 
and this might yield the anthraquinone (II) or (III). This view receives strong confirm- 
ation from the formation of the anthraquinone (IT) or (III) (demethylated) from o-cresol- 
3 : 6-dichlorophthalein in which the hydroxyl group is certainly in the #-position to the 
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phthalic residue. The substance (II) or (III) has m. p. 246—247° (Walsh and Weizmann, 
249°) and the related dichlorohydroxymethylanthraquinone has m. p. 298°. The latter 
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(I.) (II.) (III.) 


is therefore different from 5 : 8-dichloro-1-hydroxy-2-methylanthraquinone (IV), m. p. 
196—197°, which we have obtained by a two-stage condensation of 3 : 6-dichlorophthalic 
anhydride with o-cresol. Unfortunately the replacement of the chlorine atoms by hydroxy-, 
alkyloxy-, or aryloxy-groups proved to be a troublesome operation, although 1:5: 8- 
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trihydroxy-2-methylanthraquinone was obtained. When sodium methoxide in methyl- 
alcoholic solution at 100° was used, the main product was a dihydroxymethylanthraquinone 
which from its spectrographic and other properties is certainly 2-methylanthrarufin (V). 
The chlorine atom in position 8 in (IV) suffers reduction rather than hydrolysis. A com- 
parison of the absorption of sulphuric acid solutions of 1: 5: 8-trihydroxy-2-methy]l- 
anthraquinone (VI) and catenarin (VIT ?) (compare Raistrick, Robinson, and Todd, Biochem. 
J ., 1934, 28, 559) in the visible region is of interest in relation to the constitution of the latter 
substance and confirms the feasibility of suggestions already made (loc. cit.). 
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An attempt to reduce catenarin to an anthrone which might give (VI) on oxidation 
was made in view of the recent work of McDonnell and Gardner (J. Amer. Chem. Soc., 
1934, 56, 1246). These authors reduced aloe-emodin-9-anthrone to chrysophanic acid- 
9-anthrone (*CH,OH —-> CH,) by means of stannous chloride and hydrochloric acid. 
Catenarin is changed under these conditions and affords a substance C,;H,.0,, which 
after acetylation and oxidation yields a triacetoxymethylanthraquinone. Very little of this 
substance was available, but its solution in sulphuric acid had absorption bands in the 
visible region closely resembling those of chrysazin and unlike those of any known 
trihydroxyanthraquinone, or anthrarufin, or quinizarin. As catenarin is certainly a 
derivative of 1:4:5-trihydroxyanthraquinone, it is clear that the product of its 
reduction and oxidation is a chrysazin derivative and it follows that the side-chain hydroxyl 
remains unchanged. Once again the protective effect of the o-situated group is in evidence. 
The new triacetoxymethylanthraquinone differs from aloe-emodin triacetate (VIII) and, 
as it is derived from a member of the 2-methylanthracene series (R., R., and T., Joc. cit.), 
it must be (IX). 


OAc 64 OAc OAc 
CH,°OAc —s ‘OH 
CH,*OAc 


(VIIL.) (IX.) (X.) 
This evidence leaves, as the alternatives for catenarin, the formule (VII) and (X). 





Hydroxy- and Chloro-derivatives of 2-Methylanthraquinone. 1633 


EXPERIMENTAL. 


3 : 6-Dichloro-2-(4’-methoxy-3'-methylbenzoyl)benzoic Acid and Anthvaquinone Derivatives 
therefrom.—The method of Walsh and Weizmann (loc. cit.) was employed and gave the acid, 
m. p. 182—183° (W. and W., m. p. 183°), in 50% yield. No coloration was developed with 
alcoholic ferric chloride, and this shows that no phenolic hydroxyl is present in the o-position 
toa carbonyl group. The closure of the ring was effected in 10 minutes by the action of 10% 
oleum at 130° on the acid mixed with an equal weight of boric acid. The yellow needles, m. p. 
245—246° (W. and W., m. p. 249°), were identical with one of the products of the following 
experiment. 

Dichloromethoxymethylbenzoylbenzoic acid (1-5 g.) and boric acid (1-5 g.) were heated 
with concentrated sulphuric acid (20 c.c.) at 140—150° for 15 minutes. The resulting mixture 
of anthraquinones was extracted with boiling aqueous sodium carbonate, about a half passing 
into solution. The insoluble portion, also washed with boiling aqueous sodium hydroxide, 
crystallised from acetic acid and then from pyridine as a brownish-yellow powder (0-25 g.), 
m. p. 246—247° (Found: MeO, 9-7. C,,H,,0,Cl, requires 1MeO, 9-6%). 5 : 8-Dichloro-2- 
methoxy-1 (or 3)-methylanthraquinone (II or III) is insoluble in alkaline solutions and its red 
solution in sulphuric acid is unchanged on the addition of boric acid. 

5 : 8-Dichloro-2-hydroxy-1 (or 3)-methylanthraquinone.—(A) The alkaline solution from the 
experiment last described was acidified; the precipitate obtained crystallised from pyridine 
and from acetic acid in yellow needles, m. p. ca. 298° (Found: C, 58-8; H, 2-9; Cl, 23-0. 
C,;H,O,Cl, requires C, 58-7; H, 2-6; Cl, 23-1%). The substance sublimes below its m. p. in 
yellow needles; it is soluble in aqueous alkalis to a reddish-purple solution and in sulphuric 
acid to a carmine-red solution, unchanged on the addition of boric acid. 

(B) A substance with identical properties was obtained in small yield by heating o-cresol- 
dichlorophthalein (1-0 g.) and 3: 6-dichlorophthalic acid (0-5 g.) at 110—115° in sulphuric 
acid (20 c.c.) for 40 hours. 

3 : 6-Dichloro-2-(2'-hydroxy-3'-methylbenzoyl)benzoic Acid.—(A) Powdered anhydrous alumin- 
ium chloride (52 g.) was added to a vigorously stirred mixture of 3 : 6-dichlorophthalic anhydride 
(60 g.) and o-cresol (240 g.), and the temperature raised to 40°. Vigorous evolution of hydrogen 
chloride occurred and the temperature rose to 68°; more aluminium chloride (100 g.) was then 
added, and the temperature kept at 70—75° for 18 hours. The product (217 g. of the red 
viscous mass were worked up) was treated with dilute hydrochloric acid and steam-distilled, 
and the residue thrice extracted with aqueous sodium carbonate. This dissolved the benzoyl- 
benzoic acid derivative together with a phthalein and these were later separated by boiling 
with an aqueous suspension of calcium carbonate. Thereby the calcium salt of the acid passed 
into solution; the acid itself crystallised from acetic acid in pale yellow prisms, m. p. 197° 
(yield, 54%) (Found: C, 55-6; H, 3-2; Cl, 21-8. C,;H90,Cl, requires C, 55-4; H, 3-1; Cl, 
21-8%). An alcoholic solution develops a reddish-brown coloration on the addition of ferric 
chloride. The calcium carbonate—phthalein mixture was treated with dilute hydrochloric 
acid; the phthalein (2-1 g.) crystallised from acetic acid as a nearly colourless powder, m. p. 
268° (Found: C, 63-6; H, 3-7; Cl, 17-9. C,,H,,0,Cl, requires C, 63-6; H, 3-9; Cl, 17-1%). 
o-Cresol-3 : 6-dichlorophthalein dissolves in alkalis to purple solutions; its solution in sulphuric 
acid is red by transmitted and purple by reflected light. 

(B) A stirred mixture of 3: 6-dichlorophthalic anhydride (15-0 g.), o-cresol (12 g.), and 
boric acid (20 g.) was heated at 160—170° for 4 hours. The mixture was boiled with water in 
an open flask for 2 hours and filtered hot; the residue crystallised from acetic acid in pale 
yellow prisms, m. p. 197° (yield, 12%), identical with the product under (A). 

5 : 8-Dichloro-1-hydroxy-2-methylanthraquinone (IV).—As the result of 25 trials of conditions 
the best yield in the ring closure of the foregoing substituted benzoylbenzoic acid was 40% 
and the unconverted acid could not be recovered but was sulphonated or destroyed. 

Oleum (31 c.c. of 20%) was added to an intimate mixture of dichlorohydroxymethylbenzoyl- 
benzoic acid (4 g.) and boric acid (4 g.); the temperature rose spontaneously to 97° and was 
maintained for 2 minutes without external heating. The deep purple solution was allowed to 
cool and added to ice and water; the orange precipitate was coagulated by boiling the solu- 
tion, collected, and boiled with aqueous sodium carbonate (100 c.c. of 5%), and the insoluble 
part collected and dried (1-5 g.). The substance crystallised from acetic acid in orange needles, 
m. p. 196—197°. The analysed specimen was obtained by hydrolysis of the acetate (Found : 
C, 58-5; H, 2-8; Cl, 23-1. C,;H,O,Cl, requires C, 58-6; H, 2-6; Cl, 23-1%). This dichloro- 
hydroxymethylanthraquinone is rather easily soluble in boiling acetic acid to yellow non- 
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fluorescent solutions. Its solution in sulphuric acid is reddish-orange (yellowish-orange on 
addition of a nitrite) and if sufficiently concentrated a purple colour is developed on the addition 
of boric acid. The acetate crystallises from acetic acid in yellow needles, m. p. 191° (Found : 
C, 59-0; H, 3-0; Cl, 19-2. C,,H,,O,Cl, requires C, 58-4; H, 2-8; Cl, 20-3%). 

1 : 5-Dihydroxy-2-methylanthraquinone (V) and 1: 5: 8-Triacetoxy-2-methylanthraquinone.— 
The replacement of the chlorine atoms of the foregoing dichlorohydroxymethylanthraquinone 
by hydroxyl does not proceed smoothly under any conditions. Calcium hydroxide was tried 
8 times at temperatures varying from 210° to 260°, but only traces of the trihydroxy-compound 
were indicated ; baryta gave worse results. Some success followed the use of sodium methoxide 
in methyl alcohol, but the hydrolysis was accompanied by reduction. 

(A) Methyl alcohol (20 c.c.) containing sodium methoxide (1-5 g. of sodium) was made into 
a paste with dichlorohydroxymethylanthraquinone (0-9 g.) and copper-bronze (0-1 g.), and the 
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mixture heated in a sealed tube at 100—105° for 54 hours. The violet mass was extracted 
with boiling water, and hydrochloric acid added to the filtrate; the yellow precipitate became 
reddish-orange on boiling and it was then collected and refluxed for 6 hours with acetic acid 
(20 c.c.) and hydrobromic acid (20 c.c., d 1-7). The reddish-orange solid was dissolved in hot 
2% aqueous sodium hydroxide, recovered by acidification, and crystallised from acetic acid. 
The product was acetylated and then crystallised from acetic anhydride in yellow needles, 
m. p. 220°, chlorine-free (Found: C, 67-3; H, 4:4. Cy ygH,,O, requires C, 67-4; H, 4-1%). 
The absorption spectrum in sulphuric acid solution was practically identical with that of the 
dihydroxymethylanthraquinone obtained on hydrolysis by means of 10% aqueous sodium hydr- 
oxide. The latter crystallised from acetic acid in well-formed orange-brown needles, m. p. 
187° (Found: C, 70-7; H, 4:0. C,,;H,9O, requires C, 70-9; H, 3-9%). The alkaline solution 
is red and not sufficiently blue-toned for a methylquinizarin; in addition the yellow solution 
in acetic acid is not fluorescent and all quinizarins of comparable constitution show this property 
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(green fluorescence). The absorption spectrum of a sulphuric acid solution (Fig. 1) showed 
two peaks, one at 5350 A. and another at 5750 A., with indications of a third peak at 5000 A. 
The colour is a little bluer and less persistent than that due to anthrarufin, but is very different 
from that of chrysazin under similar conditions. 

(B) Sodium (4 g.) was dissolved in methyl alcohol (80 c.c.), the solution made into a paste 
with dichlorohydroxymethylanthraquinone (4 g.), and the mixture heated in sealed tubes 
at 135—140° for 6 hours. The quasi-acidic fraction was demethylated and later acetylated, 
and the product fractionated from acetic acid. The first crops were identified as 2-methyl- 
anthrarufin diacetate and also contained chloro-derivatives. The later crops contained a very 
small proportion of a triacetoxymethylanthraquinone along with chloro-derivatives. 

A specimen consisting of yellow prisms, m. p. ca. 211° (Found: C, 62-8; Cl, 1-7%), was 
twice recrystallised; slender yellow needles, m. p. 210° (Found: C, 63-5; H, 3-9. C,,H,,O, 
requires C, 63-6; H, 4-0%). The purple solution in sulphuric acid is blue in thin layers and 
exhibits a strong red fluorescence, augmented on the addition of boric acid. The absorption 
in the visible region showed peaks at 5800 A. and 6170 A. (Fig. 2). As compared with 1: 4: 5- 
trihydroxyanthraquinone, we observe the blueing and weakening effect of the methyl group. 
Comparison with helminthosporin (R., R., and T., Joc. cit.) shows that the o-situated methyl 
group weakens the colour much more than that in the m-position. Comparison with catenarin 
indicates a significant general resemblance. 

2-Hydroxymethylchrysazin Triacetate (IX).—Catenarin (1 g.), dissolved in glacial acetic 
acid (70 c.c.), was mixed with a hot solution of crystallised stannous chloride (32 g.) in concen- 
trated hydrochloric acid (60 c.c.)._ After boiling for an hour, granulated tin (10 g.) was added, 
followed by concentrated hydrochloric acid (40 c.c.), added to the boiling solution in small 
portions during 3} hours. Further quantities of tin (3 g.) and acid (10 c.c.) were then added 
and the boiling was continued for 2 hours more. On cooling, yellow plates (0-57 g.) separated 
and after recrystallisation from acetic acid the substance decomposed at 230° (Found: C, 
69-8; H, 4-7. C,;H,,O, requires C, 70-3; H, 4:7%). 

The anthrone gives in sulphuric acid a pale yellow colour, rapidly turning green. It dis- 
solves in aqueous sodium hydroxide to a purple solution. On the addition of borax to an 
alcoholic solution and boiling, the colour changes from pale yellow to light brown and on keeping 
develops a port-wine colour. The addition of aqueous chromic acid to a solution in glacial 
acetic acid gives immediately a scarlet coloration, which becomes brownish-violet on warming, 
and no anthraquinone could be detected in the tarry residue formed on pouring into water. 

On acetylation with acetic anhydride and a trace of sulphuric acid a brown amorphous 
mass was obtained (0-45 g.); this was dissolved in acetic acid (30 c.c.), and an aqueous solution 
of chromic acid (0-22 g.) added. The clear brown, warm solution became black and opaque 
and was heated on the steam-bath for 1 hour. The yellow precipitate formed on pouring into - 
water became tarry on boiling; it was hydrolysed by means of sodium hydroxide and the pro- 
duct was sublimed at 14mm. The yield of a red anthraquinone derivative was small and there 
was a black residue. The product was acetylated, and the derivative twice crystallised from 
alcohol and again from acetic acid, forming bright yellow needles (ca. 6 mg.), m. p. 182° (largely 
depressed on admixture with aloe-emodin triacetate) (Found: C, 63-9; H, 4°5.. C,,H,,O, 
requires C, 63-6; H, 4-1%). This substance dissolves in sulphuric acid to a bright purple 
solution, bluer than that of chrysazin and aloe-emodin, and without the red fluorescence of 
1: 5: 8-trihydroxy-2-methylanthraquinone. The absorption spectrum of the solution in 
sulphuric acid was very similar to that of chrysazin, to which the compound is obviously related 
(Fig. 1). The paucity of the yield prevented an extension of the investigation. 


The authors thank Imperial Chemical Industries, Ltd., for grants. 
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358. ind-N-Methylharmine. 
By (the late) V. V. S. IYER and RoBert Rosinson. 


AccorpDING to Kermack, Perkin, and Robinson (J., 1922, 121, 1872) the alkylation of 
harmine (I) occurs first at the pyridine nitrogen atom (harmine methosulphate, II) and 
then at the indole nitrogen. 
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Thus py-methylharmine (III) is of the anhydronium base type (intermediate between 
quinone, as illustrated, and betaine forms) (compare Armit and Robinson, J., 1925, 127, 
1604) and the action of methylating agents on it gives salts (IV) in which the indole-nitrogen 
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is alkylated. It has been implied that, although the indole-nitrogen is thus alkylated, 
the kationic charge is taken up by the pyridine nitrogen, but no proof of this point has 
been offered. It occurred to us that if a chloride containing two methylimino-groups 
were thermally decomposed with elimination of methyl chloride the methyl would be 
ejected from the nitrogen atom carrying the kationic charge. Hence dimethylharmine 
chloride (IV; X = Cl) should yield ind-N-methylharmine (V) rather than the methyl- 
harmine from which it was generated. On trial this proved to be the case and the new 
base has been prepared on a considerable scale for the detailed investigation of its 
pharmacological properties, which has been undertaken by Professor J. A. Gunn. 
Naturally, when treated with methyl iodide, the ind-N-methylharmine yields dimethy]l- 
harmine iodide (IV, X = I). 

A general statement covering observations in the pyrazole, glyoxaline, benziminazole, 
and carboline groups is that when successive methylation occurs at different centres by 
the formation of -onium salts, decomposition of the final product will involve the removal 


of the methyl group first introduced. This rule applies only when the base corresponding 
to the first salt-product of methylation is of the anhydronium type and this is true of the 
groups cited. 


EXPERIMENTAL. 


Preparation of Harmine.—The crude alkaloids of Peganum harmala were available in the 
form of hydrochlorides, chiefly of harmine and harmaline. As we required only harmine for 
the present purpose, the harmaline was oxidised as follows. Nitric acid (2-5 c.c., d 1-42), 
dissolved in alcohol (70 c.c.), was added to a solution of the mixed hydrochlorides (10 g.) in 
95% alcohol (80 c.c.) and concentrated hydrochloric acid (80 c.c.), and the mixture heated on 
the steam-bath. When the temperature reached 80° there was vigorous frothing and a 
rapid rise to 90°; after 4 minute the heating was discontinued and after 20 minutes the harmine 
hydrochloride crystallised on cooling. The base was recovered by solution of the salt in water 
(80 c.c.) and addition of ammonia (yield, 6-1 g.; m. p. 257—-259°) (75 g. of mixed hydrochlorides, 
worked up in portions of 15 g., gave 48-5 g. of harmine, m. p. 257—-259° without crystallisation). 

Harmine Methosulphate (I1).—The best conditions of many tried were the following. A 
mixture of powdered harmine (20 g.), dry benzene (400 c.c.), and pure methyl sulphate 
(20 c.c.) was heated on the steam-bath for 1 hour. The solid product (32 g., m. p. 203—213°) 
was crystallised from methyl alcohol (650 c.c.) (yield, 27 g.; m. p. 219—220°). The metho- 
sulphate (15-4 g.) gave methylharmine (9-3 g., m. p. 209—210°) on treatment with sodium 
hydroxide in aqueous solution. 

Dimethylharmine Salts.—A mixture of methylharmine (5 g.), dry benzene (50 c.c.), and neutral 
methyl sulphate (5 c.c.) was heated on the steam-bath for 1 hour (crude crystalline ‘product, 
7-8 g.; m. p. 255—260°). The material from two preparations was crystallised from methyl 
alcohol (900 c.c.); the first two crops had m. p. 268—270° (13-6 g.) and consisted of pure di- 
methylharmine methosulphate. Dimethylharmine iodide was obtained by double decom- 
position with potassium iodide in hot aqueous solution. The salt crystallised from the hot 
liquid and, recrystallised from alcohol, formed short, colourless, microscopic needles, m. p. 
285° (decomp.) (Found: C, 46-9; H, 5-0; N, 7-1; I, 32-8. C,;H,,ON,I,H,O requires C, 46-9; 
H, 5-0; N, 7-3; I, 32-9%). Dimethylharmine chloride (Perkin and Robinson, J., 1919, 115, 
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949) was previously obtained from the methosulphate by means of an excess of hydrochloric 
acid; for the present purpose it is best to go through the iodide and treat the latter in the 
usual manner with silver chloride in hot aqueous solution (yield, theoretical; m. p. 280—282°, 
decomp.). 

ind-N-Methylharmine (V).—Dimethylharmine chloride (2 g.) was heated at 290—300°/10 mm. 
for 20 minutes; after 10 minutes the molten salt decomposed with vigorous effervescence. 
A filtered acetone solution of the residue was concentrated at room temperature; a mixture of 
crystals and viscous material resulted. Three preparations afforded 5 g. of the crystals, which, 
recrystallised from aqueous alcohol, formed flat glistening needles or plates, m. p. 114—118° 
(air-dried) and 124—125° (dried over phosphoric oxide) (Found in air-dried material: loss 
at 100°, 13-2, 13-9. Found in anhydrous material: C, 74-5; H, 6-4; N, 12-4; MeO, 13-6; 
MeN, 9-4. C,,H,,ON,,2H,O requires 2H,O, 13:7%. C,H,,ON, requires C, 74:3; H, 6-2; 
N, 12-4; 1MeO, 11-8; 1MeN, 11-1%). 

The determinations of methoxy- and methylimino-groups were successive and it is apparent 
that the methylimino-group is partly decomposed in the first distillations; the total for MeO and 
MeN found accords with the theory. 

The hydrochloride crystallised from dilute hydrochloric acid in slender needles, m. p. 280° 
(decomp.) (Found in air-dried salt: C, 60-0; H, 6-1; N, 9-9; Cl, 12-5; loss at 110° in a high 
vacuum, 6-2, 6-5. Found in anhydrous salt: C, 63-9; H, 5-9; N, 10-4; Cl, 13-3. 
C,4H,;ON,Cl,H,O requires C, 59-9; H, 6-1; N, 10-0; Cl, 12-6; H,O, 64%. C,4H,,ON,Cl 
requires C, 64-0; H, 5-8; N, 10-7; Cl, 13-5%). The aqueous acid solutions have a blue-violet 
fluorescence and the yellow solution in sulphuric acid exhibits a bright green fluorescence. 

The Aydrogen nitrate crystallised from methyl alcohol in colourless needles, m. p. 242—243° 
(decomp.) (Found in material dried at 100°: C, 58-4; H, 5-3; N, 14:4. C,,H,,0O,N, requires 
C, 58-1; H, 5-2; N, 14-56%). The salt appears to contain 1H,O, but the loss found on heating 
was lower than the theoretical. 

The picrate crystallised from acetone or alcohol as a yellow powder of irregular prisms, 
m. p. 249—250° (decomp.) (Found: C, 52-7; H, 3-8; N, 15-4. Cy9H,,O,N, requires C, 52-7; 
H, 3-7; N, 15-4%), very sparingly soluble in most organic solvents (0-7 g. dissolves in 700 c.c. 
of hot 95% alcohol). 

ind-N-Methylharmine combines readily with methyl iodide and methyl sulphate, forming 
the dimethylharmine iodide and methosulphate respectively. The specimens made in this 
way were identical with those previously prepared from py-N-methylharmine, as was proved by 
a careful comparison. 
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359. The Action of Bases on Nitrophenylhydrazines : 2: 4-Dinitro- 
phenylhydrazine. 


By A. KILLEN MACBETH and J. R. PRICE. 


Curtius and DEDICHEN (J. fr. Chem., 1894, 50, 241) first called attention to the formation 
of nitrophenylhydrazines by the action of hydrazine hydrate on chlorodinitrobenzene and 
other chloronitro-compounds. Later Curtius and Mayer (ibid., 1907, 76, 369) showed the 
formation of 6-nitro-l-hydroxy-1 : 2 : 3-benztriazole as a secondary product due to the 
subsequent action of the excess of the base. Spiegel (Ber., 1908, 41, 886) showed that 
the alkaline action of hydrazine hydrate is effective in converting 2 : 4-dinitro-1-piperidino- 
benzene into the same triazole, and a further study of similar reactions with nitrophenyl- 
hydrazines was made by Miiller and_his co-workers (J. pr. Chem., 1925, 111, 273, 277, 293, 
307). 

Ine amount of triazole formed is now shown to depend on the concentration of the 
base, but sufficient evidence is not yet available to warrant the assumption that it is 
independent of the cation present. Other products are dinitrobenzene and mm’-dinitro- 
azoxybenzene; and a brown flocculent acid is also produced in increasing amount as the 
pu increases, possibly owing to the action of the alkali on the dinitrobenzene (Lobry de 
Bruyn, Rec. trav. chim., 1894, 18, 119). 

The molecular quantities of products formed per 100 g.-mols. of dinitrophenylhydrazine 
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are plotted against the normality of the base in Figs. 1 and 2. From these it is seen that 
the amount of triazole formed decreases with increase in the normality of the baryta 
employed; and further decreases in the case of sodium hydroxide solutions until a 
minimum is reached with approximately 2-4N-alkali, after which increased yields are 
obtained. Side by side with this the reverse is noted in the case of dinitrobenzene and 
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dinitroazoxybenzene, with each of which a maximum is recorded. The points marked by 
asterisks on the baryta curves represent the corresponding yields obtained with sodium 
hydroxide solution of the same normality, and give an indication that the catalysis of 
the reactions is independent of the cation present. 


EXPERIMENTAL. 


Conditions of Experiment.—The ammonia and hydrazine hydrate solutions were refluxed 
with 2 : 4-dinitrophenylhydrazine (Brady, J., 1931, 757) until reaction was complete (aqueous 
solution, 2 hours; alcoholic solutions, 2} hours approx.). Baryta solutions were heated at 
60° under reflux for times varying from 10 minutes (0-3N) to 5 hours (0-03N). Reactions with 
sodium hydroxide proceeded at room temperature (15° + 2°) for from 15 minutes (7-5N) to 
24 hours (0-5N), but the exothermic nature of the reaction necessitated cooling of the more 
concentrated solutions. 

Isolation of Products —A gaseous product, mainly nitrogen, was given off, but no great 
reliance could be placed on quantitative determinations of the amounts liberated. Traces 
of ammonia were formed in the reactions with baryta and sodium hydroxide, and a series of 
estimations showed that, if it were formed by the direct breakdown of the dinitrophenylhydrazine 
molecule, this occurred only to the extent of about 2%. We were unable to detect any resultant 
dinitroaniline. 

To effect separation of the other constituents, the reaction mixture was acidified with 
hydrochloric acid and steam-distilled until all the dinitrobenzene had passed over, the distillate 
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was warmed to 40° and allowed to cool, and the dinitrobenzene was filtered off, washed, dried 
in a vacuum desiccator, and weighed; the amount of dissolved dinitrobenzene in the filtrate 
(0-525 g. per 1.) was added to the yield. 

The solid residue obtained from the distilling flask was twice extracted with boiling water. 
The combined filtrates on evaporation gave 6-nitro-l-hydroxy-1 : 2 : 3-benztriazole and sodium 
or barium chloride; the latter was washed out with ice-cold water, and the triazole dried at 
100°. 

The residue after the triazole extraction was boiled with dilute sodium hydroxide solution ; 
filtration then left mm’-dinitroazoxybenzene, and a brown flocculent acid was thrown out on 
acidification of the alkaline extract. 

Identification of the Products.—(a) m-Dinitrobenzene was identified by mixed m. p. 90°. 
The naphthalene compound, m. p. 51—52°, was prepared by combination in boiling benzene. 
(b) 6-Nitro-1-hydroxy-1 : 2 : 3-benztriazole was characterised by its detonation point (206° 
after crystallisation from alcohol). The aniline salt, m. p. 159—160° (Curtius and Mayer, 
loc. cit.), and the acetate, m. p. 152—154° after crystallisation from benzene containing a little 
acetic anhydride (Brady, J., 1923, 123, 2258), were also prepared. (c) mm’-Dinitroazoxybenzene, 
recrystallised from alcohol, had m. p. and mixed m. p. 146—147° (Werner and Stiasny, Ber., 
1899, 32, 3256). It was converted, by heating at 140° with concentrated sulphuric acid, into 
mm’ -dinitro-p-hydroxyazobenzene, m. p. 171-5—172° after recrystallisation from aqueous 
alcohol (Klinger and Pitschke, Ber., 1885, 18, 2552). 

Experimental Yields.—The weights of product obtained from 5 g. of dinitrophenylhydrazine 
are recorded below; and from these the number of mols. of product per 100 mols. of the dinitro- 
phenylhydrazine have been calculated and plotted in the graphs as “ percentage yields.” 
Only the weight % of the unidentified amorphous acid is given, as no conversion factor is 
available. The weights are given to the nearest centigram. 


Dinitroazoxy- 
Reagent. Triazole. Dinitrobenzene. benzene. Acid. 
Wt. Mols. Wt. Mols. Wt. Mols. Wt. %. 
Ammmbae FE OBER)  ...rccscccccccscvccscess 70 17 trace 5 
Hydrazine hydrate, 10% aqueous ...... 82°5 1 — 1 
Hydrazine hydrate, 10% in 80% EtOH 90 —_ — — 
BED siabaieescsescnscpanisnsscsecesese 0-73 16 115 27 1:78 49 —_ — 
bid SEIN vouthnunoeccbbisddbesiceluchante 0-91 20 115 27 167 46 —— 
dh MEE esp ened cansescesttamssssecensens 109 24 112 26:5 1:54 42°5 —_ — 
eb 1 MEE Qhiivie tenis pacaeonnnnsnpensens 168 37 0°83 19°5 1:25 34:5 — 
i MEET, Sacemuicndinncteasbectsnibeacsens 195 43 0°89 «21 0°93 25°5 — 
i ON siwadietccssicdinttobihaseokiies 3°18 70 0-42 10 0°38 = 10°5 a 
DOR Ie asin acs nnvssvdsevacerennenensionns 0-75 =16°5 1:29 30°5 1:73 47°5 005 ~=«(1 
ee fe eee 0°57 12°5 140 33 185 51 005 = «61 
thi RE cebbnitnindsaes sidcnesacioebsnionsties 0°45 10 1:40 33 1:89 52 005 «61 
oj TIPE sgpatawcectesbepessucwmenstyaanssine 039 8685 1:23 29 1:89 52 01 2 
6b: MI iio titecaitedidesiscatencasmes 0°52 11°5 102 24 1:73 47°5 013 2°5 
ja | eb necasewisnausssyentemeaencsens 0°84 185 0°98 23 169 46:5 0-1 2 
ia SE ninicncededednvccinvesiacessesmie 1:32 29 0°78 .18°5 1:47 40°5 0-2 4 
da: | PR  viaibbctaicenconiCcineipinanniiamitonin 159 35 041 95 1:00 27°5 06 12 
ON icc sve didg pip inseciesscsnsecasics 1:48 32:5 — —_ 1:27 35 —_—_ —- 
* Experiment at 60° for comparison with baryta yields. 
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360. The Constitution of the Purine Nucleosides. Part II. 
By J. Masson GULLAND, Ensor R. Hoiipay, and THomAs F. MACRAE. 


In Part I * an outline was given of the evidence on which the carbohydrate radical of the 
purine nucleosides has hitherto been assigned to position 7 or 9 of the purine ring. Experi- 
ments which were designed to distinguish between these alternatives failed to do so, 
however, because the glycoside linkage was too labile and fission of the nucleosides 
occurred. 


* “ The Constitution of the Purine Nucleosides,’’ Gulland and Macrae, J., 1933, 662, is to be 
regarded as Part I. 
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During the course of further work, the scope of the problem became wider for the reasons 
which are described below. It was desirable to obtain, in addition to xanthosine, a second 
xanthine nucleoside derived essentially from natural sources, and many attempts were 
made to prepare 1 : 3-dimethylxanthosine by methylating xanthosine under a variety of 
conditions. Treatment of xanthosine with methyl sulphate and caustic soda and with 
methyl iodide and silver oxide, and the action of methyl iodide on xanthosine silver, all 
yielded products consisting of methylated derivatives of xanthine and methylriboside, 
showing that the glycosidic linkage had again suffered fission. Levene (J. Biol. Chem., 
1923, 55, 437) mentions similar difficulties, but claims to have obtained dimethylxanthosine 
by the action of diazomethane. His product, an amorphous hygroscopic powder, had 
approximately the correct analytical composition and when hydrolysed gave a very small 
yield of theophylline. Levene and Sobotka (zbid., 1925, 65, 463) stated that this product 
was identical with crystalline synthetic theophylline riboside (1 : 3-dimethylxanthine 
riboside) on the grounds of an agreement between specific rotations and rates of hydrolysis. 
Unfortunately this identity is now untenable for two reasons. In the first place, the 
triacetyl ribosidyl bromide used in the synthesis of theophylline riboside has probably a 
pyranoside structure; in fact, Pryde and Williams (J., 1933, 640) have proved that the 
analogous synthetic theophylline arabinoside is an arabopyranoside. Levene and Tipson 
(J. Biol. Chem., 1932, 97, 491) on the other hand have shown that natural guanosine is a 
ribofuranoside. Secondly, it will be demonstrated below that the carbohydrate radicals 
of xanthosine and of synthetic theophylline nucleosides occupy different positions of the 
purine molecules. 

On repeating the methylation of xanthosine with diazomethane no difficulty was experi- 
enced in obtaining a product resembling that of Levene in properties, analytical composition 
and rotation. It was, however, an undoubted mixture of methylated purines and methyl- 
riboside, and no evidence was obtained that any purine riboside was present as such. 
When hydrolysed, this material yielded ribose (as furfuraldehyde), 1 : 7-dimethylxanthine, 
3-methylxanthine, and probably 1:7: 9-trimethyluric acid; no trace of theophylline 
was found. 

The sole positive evidence for the allocation of the carbohydrate radicals in position 
7 or 9 of natural purine nucleosides thus became unreliable, and further, so far as xanthosine, 
guanosine, and guanylic and xanthylic acids were concerned, positions 1 and 3 could not 
be definitely excluded, although the latter was improbable. The question of the position 
of the carbohydrate thus became reopened, the alternatives being positions 1, 3,7, and 9 of 
the xanthine molecule (I). 


NH—CO NH—CO NMe—CO 
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The lability of the glycosidic linkage suggested that success might best be achieved by 
means of a physical method such as the comparison of the ultra-violet absorption spectra 
of nucleosides and methylated derivatives of xanthine. A preliminary report has already 
been published (Gulland and Holiday, Nature, 1933, 748), and the interpretation of the 
differences in absorption of xanthine and its methylated derivatives and of other purines 
under various conditions will form a later communication. There is justification for 
comparing in this way the spectra of compounds in which a methyl group replaces a 
glycosidic radical, since it may be concluded from the work of Goos, Schlubach, and 
Schroéter (Z. physiol. Chem., 1930, 186, 148) that simple carbohydrate groups would exert 
little or no effect on such spectra; our experiments, also, confirm this view, although such 
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a conclusion is, of course, a reversal of the present line of argument on the absorption 
spectra of nucleosides. 


Xanthine, from which the compounds discussed below are derived, is customarily 
regarded as (I) ; substitution of the hydrogen of the iminazole nucleus gives rise potentially 
to two isomerides (at 7 and 9) and consequently stabilises the double-bond at C,—N, and 
C,-N, respectively. 


The absorption spectra now recorded were measured in aqueous media at pg 5—5-5 
and at pq 9-5—10. Dilutions were uniformly M/5000. The results are summarised in 
Table I. 


The spectrum of xanthosine exhibits two bands at fg 5 and at fg 10 (Fig. 1). 


9-Methyl- 
xanthine also shows two bands in the same solvents (Fig. 2), the wave-lengths of the heads 
being the same as those of the xanthosine spectra. 
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The spectrum of 7-methylxanthine, on the other hand, is one-banded at fg 5 and 
pu 10, a shift towards longer wave-length taking place in the alkaline solvent (Fig. 3). A 
deep trough occurs at the wave-length of the short-wave bands of xanthosine and 
9-methylxanthine. 


The spectrum of 1-methylxanthine (Fig. 4) shows one band at fq 5, the wave-length of 
the head and the coefficient of extinction being the same as those of the corresponding 
band of 7-methylxanthine. At #, 9-5 1-methylxanthine shows two bands. 


3-Methylxanthine exhibits one-banded spectra at pg 5 and pq 10, the wave-length of 
the head remaining practically unchanged (Fig. 5). 


This uniformity in acid and alkali is 
characteristic of certain 3-methyl derivatives of xanthine. 


Thus the spectra of xanthosine resemble those of 9-methylxanthine and are unlike 
those of 1-, 3-, and 7-methylxanthines. This is strong evidence that xanthosine is 
xanthine-9-riboside, and since Levene and Tipson (/oc. cit.) have shown that guanosine is a 
ribofuranoside, as also are adenosine and inosine (Levene and Tipson, J. Biol. Chem., 
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1932, 94, 809; Bredereck, Ber., 1933, 66, 198), it follows that xanthosine is xanthine-9- 
ribofuranoside (II), and that guanosine and guanylic and xanthylic acids also contain 
their carbohydrate radicals in position 9.* 

Synthetic theophylline-d-glucoside (Fischer and Helferich, Ber., 1914, 47, 210) and 
theophylline-/-arabinoside (Pryde and Williams, /oc. cit.) at pg 5—10 exhibit spectra 
(Fig. 6) which are mutually indistinguishable and closely resemble the one-banded spectra 
of caffeine (1 : 3 : 7-trimethylxanthine) (Fig. 6). They are unlike the two-banded spectra 
of isocaffeine (1:3: 9-trimethylxanthine) (Fig. 6) under the same conditions. These 
synthetic nucleosides are therefore 7-substituted xanthines (III), a conclusion which was 
almost foregone, since they are formed from silver theophylline and tetra-acetyl glucosidy] 
and triacetyl arabinosidyl bromides respectively under the conditions in which silver 
theophylline and methyl iodide yield caffeine (Kossel, Ber., 1888, 21, 2164; Z. physiol. 


Chem., 1889, 13, 298). 
EXPERIMENTAL. 


Methylation of Xanthosine by Diazomethane.—Successive batches of diazomethane were 
distilled in ether into a mechanically-stirred suspension of powdered anhydrous xanthosine in 
dry methyl alcohol protected from moisture. When all the xanthosine had dissolved, and the 
solution still contained diazomethane after several hours, it was evaporated to dryness under 
reduced pressure. The residue was dissolved twice in absolute alcohol and freed from solvent 
by distillation under reduced pressure. This process was repeated. The solid thus obtained 
was dissolved in hot dry alcohol, and the solution poured into much anhydrous ether. Next 
day the precipitate was collected, washed with dry ether, and treated further as described below 
(P). The ethereal alcoholic filtrate was concentrated and yielded first needles of pure caffeine 
and finally a dark brown gum, consisting largely of carbohydrate material giving a strong 
pentose reaction with phloroglucinol and hydrochloric acid. 

The solid (P) was dissolved in hot absolute alcohol, and the solution was cooled and filtered 
into dry ether. This treatment was repeated twice, and the product, a colourless hygroscopic 
powder, was dried at 80° under reduced pressure. It melted at about 130° after beginning to 
shrink at 100°, and remained unchanged in m. p. and weight when dried over phosphoric oxide 
at 90°/10 mm. for 2 hours [Found : C, 45-3; H, 5-6; N, 16-8. Calc. for C,,H,,O,N, (dimethyl- 
xanthosine) : C, 46-1; H, 5-2; N, 17-9%]. It showed [a]2{, = — 20° in water, and did not 
reduce hot Fehling’s solution but gave a strongly positive pentose reaction. The analytical 
composition of Levene’s material was C, 45-71, 45-66; H, 5-45, 5-48; N, 17-72, 17-42; Levene 
and Sobotka recorded [a«]#° = — 23° in alcohol. 

Hydrolysis (i). The methylation product (0-2 g.) was hydrolysed for 6 hours on the water- 
bath with 3N-hydrochloric acid (10 c.c.). A small amount of black precipitate was discarded, 
and the brown solution evaporated to dryness under reduced pressure; the distillate contained 
furfuraldehyde. The residue was dissolved in water, freed from chloride with silver nitrate, 
made just alkaline with ammonia, and mixed with silver nitrate solution. The buff precipitate 
blackened owing to reduction by furfuraldehyde, ribose, or a methylated uric acid. The silver 
precipitate was centrifuged, washed with water, suspended in hot water, and decomposed 
with hydrogen sulphide. The hot filtrate from silver sulphide was evaporated to dryness, 
the residue dissolved in boiling alcohol, and the solution concentrated in stages, three 
fractions being collected : A, columns separating in the liquid, darkened at 270° and melted 
at about 350°; B, chiefly columns separating in the liquid, softened at 270° and melted at 
350°; C, needles adhering to the glass walls, m. p. 270°. 

Fraction C separated from alcohol in hexagonal leaflets, m. p. 290° (uncorr.), identical with 
the characteristic crystals of 1:7-dimethylxanthine [Found: N-CH;, 31-0. Calc. for 
C,;H,O,N,(N°CH,),: N*CH3, 32-2%]. The m. p. of a mixture with authentic 1 : 7-dimethyl- 
xanthine was not depressed, whereas a mixture with theophylline melted at 230°. This 
substance was therefore 1 : 7-dimethylxanthine. . 

Fraction A was recrystallised from water, and melted with decomposition at about 350°. 
It yielded a silver salt, soluble in excess of ammonia, which did not reduce hot ammoniacal 
silver nitrate. In view of these properties we regarded this substance as being in all probability 
1: 7: 9-trimethyl uric acid (Fischer and Ach, Ber., 1899, 32, 256). 


* In Part I it was stated that the balance of evidence favoured position 7, but that the facts were 
not decisive. We now adopt the views expressed in this communication.—J. M. G. and T. F. M. 
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Hydrolysis (ii). A further batch of xanthosine was methylated by diazomethane exactly 
‘as described by Levene (J. Biol. Chem., 1923, 55, 437), the methylation being stopped while 
unchanged xanthosine remained; the product was worked up as before. The hygroscopic 
powder (0-7 g.) was hydrolysed by being distilled for 2-5 hours with 20% hydrochloric acid 
(50 c.c., renewed as required) until the distillate was free from furfuraldehyde, as was shown by 
the absence of colour with aniline and sodium acetate (Hoffman, J. Biol. Chem., 1927, 78, 15). 
Finally the liquid was filtered from a trace of carbonaceous material and evaporated under 
reduced pressure. The brown gummy residue was dissolved in very dilute nitric acid, freed 
from chloride by excess of silver nitrate, and treated with ammonia till just alkaline. The 
buff precipitate of silver salt, part of which readily dissolved in excess of ammonia, was collected 
and the filtrate was mixed with 20% lead acetate solution and ammonia until no further 
precipitate of lead salt separated on addition of either reagent. The silver and lead salts 
were decomposed separately with hydrogen sulphide, and the residues obtained by evaporating 
the filtrates to dryness were dissolved as far as possible in hot alcohol, the small insoluble 
portions consisting of high-melting xanthine derivatives which were not theophylline. The 
alcoholic solutions were mixed and evaporated to dryness, and the residues were dissolved in 
water and converted into the palladochloride (Gulland and Macrae, J., 1932, 2231). This 
resembled 3-methylxanthine palladochloride, and when decomposed in the usual way with 
silver yielded colourless needles (2—3 mg.) which darkened at 280° and decomposed at a high 
temperature without melting. This substance, which was unsubstituted in the iminazole 
nucleus, since it gave an orange-red coloration with diazotised sulphanilic acid, was evidently 
3-methylxanthine. The amount of palladochloride which was obtained above corresponded to 
only a part of the solid from which it was prepared, the remainder of the organic material 
remaining in solution. This was not examined further, since any theophylline would have 
been precipitated as palladochloride. 

Methylation of Xanthosine Silver with Methyl Iodide.—Several experiments were carried out 
in which xanthosine silver (Found: Ag, 27-0. Calc. for C4gH,,O,N,Ag, 27-5%) was treated 
with excess of methyl iodide in cold and in boiling anhydrous methyl alcohol. The products 
of these reactions were fractionated by crystallisation from methyl alcohol and from water, 
the progress of the purifications being followed by estimations of methoxyl and methylimino- 
groups. The components of these fractions were unchanged xanthosine; 7-methylxanthine 
[Found: N°CH;, 18-0. Calc. for C;H,O,N,;(NCH,), 17-5%], which was identified by con- 
version into its characteristic, sparingly soluble sodium salt; and ribose derivatives containing 
methoxyl but no nitrogen. 

Methylation of Xanthosine with Silver Oxide and Methyl Iodide and with Methyl Sulphate and 
Alkali.—The procedures were those customarily used in carbohydrate chemistry. In both 
cases practically theoretical yields of caffeine were obtained together with methylated derivatives 
of ribose. 


TABLE I. 
d (A). «x 10+. 
5-0 10-0 5-0 5-0 10-0 5-0 


Pu 
Xanthosine 2470 0°86 
2640 2380 0°84 0°78 


9-Methylxanthine 2470 ‘ 0°93 
2640 2350 0°93 0°73 








7-Methylxanthine 
2690 0°96 


1-Methylxanthine 
2660 


3-Methylxanthine 
2710 


Caffeine 
2730 


isoCaffeine 
2670 
Theophylline-d- 
glucoside 2740 
Theophylline-J- 
arabinoside 2740 
5P 
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Purification of 3-Methylxanthine.—When prepared from methylurea and cyanoacetic acid 
(Traube, Ber., 1900, 33, 3049), this substance is frequently contaminated with an impurity 
which exhibits an intense blue fluorescence in alkaline solution. This impurity remained 
after treatment with charcoal in acid and alkaline solutions and conversion of 3-methylxanthine 
into the sparingly soluble barium salt, but it was readily removed by dissolving the base in hot 
nitric acid (d 1-16), cooling, collecting the sparingly soluble nitrate, and decomposing it with 
sodium acetate. The pure base crystallised from water [Found: N-°CHs;, 17-0. Calc. for 
C;H,O,N,(NCH;), 17-5%]. 

Spectrographic Data.—Measurements were made with a Hilger medium quartz spectrograph 
and Spekker photometer. The light source was a condensed spark between tungsten-steel 


electrodes. 


Values have been expressed as molecular extinction coefficients (e), where ¢ = . log 5 


c being the molar concentration of the solution examined, d the layer thickness, and J /I’ the 
ratio of the intensity of the incident light (monochromatic) to that of the light of the same 
wave-length transmitted by the solution. 

Samples were anhydrous, having been dried in a vacuum at 110° over phosphoric oxide for 
3—5 hours. Solutions were made to a strength of M/5000 and were examined in a layer 
thickness of 1 cm. Hydrochloric acid or sodium hydroxide was added to give the required 
hydrogen-ion concentration, and the solutions were examined immediately against controls. 


We are much indebted to Mr. J. Pryde for a gift of synthetic theophylline-/-arabinoside. 


Tue Lister InsTITUTE, Lonpon, S.W. 1. [Received, July 30th, 1934.] 
THE Lonpon Hospitat, Lonpon, E. 1. 





361. $-Hydroxyglutamic Acid. 
By J. Masson GULLAND and Coin J. O. R. Morris. 


Dakin (Biochem. J., 1918, 12, 290; 1919, 18, 388) first isolated hydroxyglutamic acid 
(I) in a yield of about 10% from the products of the hydrolysis of caseinogen, in smaller 
amounts from glutenin and gliadin, and then from those of zein (Z. physiol. Chem., 1923, 
130, 159). He had apparently no difficulty in obtaining it crystalline, and amongst a 
number of properties and reactions by far the most characteristic was the oxidation by 
chloramine-T to malic semialdehyde (II), which was isolated almost quantitatively as the 
p-nitrophenylosazone. 


CO,H-CH,°CH(OH)-CH(NH,)*CO,H —> CO,H-CH,-CH(OH)-CHO 
(I.) (II.) 


Jones and Johns (J. Biol. Chem., 1921, 48, 347), Jones and Wilson (Cereal Chem., 
1928, 5, 473), and Calvery (J. Biol. Chem., 1932, 94, 626) isolated from lactalbumin, 
gliadin, and crystallised ovalbumin, respectively, amorphous powders of the correct 
analytical composition, but did not confirm the identity with 6-hydroxyglutamic acid by 
oxidation to malic semialdehyde. We are not convinced that their materials were pure 
hydroxyglutamic acid, for their method of isolation, namely, extraction with glacial 
acetic acid, followed by precipitation by alcohol as silver salts and as complex mercury 
derivatives, was not such as to remove glutamic and aspartic acids. Our experience is 
that, although these two acids, when pure, are relatively insoluble in acetic acid, they 
dissolve in considerable quantities when mixed with other amino-acids. 

Harington and Randall (Biochem. J., 1931, 25, 1917) concluded that §-hydroxyglutamic 
acid occurs as a result of the hydrolysis of caseinogen, since some fractions of their hydro- 
lytic products yielded not inconsiderable amounts of malic semialdehyde when oxidised by 
chloramine-T. They were, however, unable to isolate hydroxyglutamic acid, and were of 
the opinion that the separation from other dicarboxylic acids is not so straightforward a 
process as the original description by Dakin might lead one to suppose. Their fraction 
which should have consisted of hydroxyglutamic acid was always heavily contaminated 
by glutamic and aspartic acids. 
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Other workers in this country have informed us that they also have been unable to 
isolate hydroxyglutamic acid from protein hydrolysates. 

Our repetitions of Dakin’s process and a complicated fractional crystallisation of the 
strychnine salts prepared from the fraction which should have been hydroxyglutamic 
acid showed that in our experiments also this amorphous material was a complex mixture, 
which contained little or no hydroxyglutamic acid. 

When caseinogen is hydrolysed by sulphuric acid and the sulphate ions are removed with 
barium hydroxide, considerable quantities of amino-acids and humin-like substances are 
adsorbed on the resulting barium sulphate and render it easily filterable. Exhaustive 
washing with water, the usual treatment, has failed in all our experiments to remove the 
amino-acids thus adsorbed. Elution with 1% hydrochloric acid, on the other hand, readily 
liberates all the adsorbed nitrogenous material. The observations were put into practice 
in a number of hydrolyses of caseinogen, and the selected details here described are sufficient 
to illustrate the processes by which crystalline hydroxyglutamic acid has again been 
isolated. 

It was soon found that hydroxyglutamic acid occurred only in the barium sulphate 
precipitate obtained by neutralising the solution (Congo-red) with baryta, and in sub- 
sequent work, therefore, the other products of hydrolysis were discarded. Elution of 
the amino-acids from this precipitate was followed by treatment of the resulting solution 
to remove glutamic acid, aspartic acid, monoamino-monocarboxylic acids, proline, hydroxy- 
proline, and basic amino-acids. Decomposition of the silver salts precipitated from the 
residual solution yielded a crude gum; this stage corresponded to that at which Dakin 
obtained relatively pure hydroxyglutamic acid. Extraction with acetic acid and then 
with alcohol divided this gum into (a) an alcohol-insoluble powder consisting of glutamic 
acid, pyrrolidonecarboxylic acid, and an impure sulphur-containing nitrogenous acid, 
and (b) an alcohol-soluble gum which contained about 10% of hydroxyglutamic acid, 
as shown by the amount of malic semialdehyde #-nitrophenylosazone isolated after 
oxidation. After the gum had been hydrolysed by acid, however, the yield of osazone 
rose to 17%, showing that part of the hydroxyglutamic acid was present as hydroxy- 
pyrrolidonecarboxylic acid, which is probably not oxidised by chloramine-T. The solution 
obtained by hydrolysing the gum was freed as far as possible from glutamic and aspartic 
acids and from a small amount of /-leucine, which had evidently escaped the prolonged 
butyl alcohol extraction of the initial routine fractionation. The material resulting from 
this partial purification still contained glutamic acid, and oxidation with chloramine-T 
and precipitation of malic semialdehyde as p-nitrophenylosazone indicated that only 22% 
of it was hydroxyglutamic acid. It was clear that crystallisation and the customary 
methods of precipitation had become valueless at this stage, and resort was therefore made 
to a process in which advantage was taken of the presence of the hydroxyl group in hydroxy- 
glutamic acid and its absence in the accompanying amino-acids. Phosphorylation by 
means of phosphoric acid and phosphoric oxide (Manaka, J. Biochem. Japan, 1931, 14, 
191) yielded a crystalline barium salt; this decomposed during recrystallisation into 
barium phosphate and hydroxyglutamic acid, which separated in characteristically 
shaped needles. The analyses of this acid and its properties, so far as the small amount 
of material (20 mg.) has allowed them to be determined, agree closely with those recorded 
by Dakin, and an excellent yield of malic semialdehyde p-nitrophenylosazone was obtained 
ina chloramine-T oxidation. This incomplete description is made now, because some time 
must necessarily elapse before sufficient of the amino-acid can be prepared for a reinvestig- 
ation of its properties and reactions. 

The view is adopted in this paper that the only safe criterion of the presence of 
8-hydroxyglutamic acid in mixtures is the oxidation to malic semialdehyde, and it has 
been assumed that this aldehyde can only arise from hydroxyglutamic acid. No malic 
semialdehyde is formed when an artificial mixture of glutamic and aspartic acids and 
leucine is oxidised by chloramine-T. Further, the #-nitrophenylhydrazone of succinic 
semialdehyde (the oxidation product of glutamic acid) undergoes no change when 
heated for some hours with excess of p-nitrophenylhydrazine under the conditions employed 
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for osazone formation. It may be assumed, therefore, that the weight of malic semi- 
aldehyde #-nitrophenylosazone obtained from a mixture is a measure of its content of 
8-hydroxyglutamic acid. 

The tedious and wasteful procedure described above was clearly unsuitable for the de- 
termination of the actual amount of hydroxyglutamic acid in the caseinogen used in this 
work, but the following method is rapid and should prove useful in the case of other proteins. 
The barium sulphate precipitate formed by neutralisation of a caseinogen hydrolysate to 
Congo-red with baryta was eluted with acetic acid, and the amino-acids of this solution 
were submitted to electrodialysis in a three-cell apparatus under conditions in which the 
dicarboxylic acids migrated to the anode (Foster and Schmidt, J. Amer. Chem. Soc., 
1926, 48, 1709). Technical improvements of this process have been devised. The liquid 
from the anode compartment was used as described below for the estimation of hydroxy- 
glutamic acid. 

The sulphur-containing amino-acid mentioned on p. 1645 contained neither sulphydryl 
nor disulphide groups and the sulphur was labile and tended to be split off in the elemental 
form during attempted purification; it might be a glutamic acid substituted in the 
8-position by a sulphur-containing group which becomes replaced by hydroxyl with 
consequent formation of hydroxyglutamic acid. No evidence of the presence of such an 
acid was found in the liquid from the anode compartment; methionine was the only 
sulphur-containing amino-acid isolated, and its amount was naturally very small. After 
its removal, oxidation of the solution and isolation of malic semialdehyde #-nitrophenyl- 
osazone showed that the caseinogen contained 0-33% of hydroxyglutamic acid. The 
exactness of this method of estimation cannot be tested until a supply of the pure acid is 
available. 

The combined processes of adsorption on barium sulphate, electrodialysis, and 
phosphorylation offer a relatively simple means of isolating pure hydroxyglutamic acid. 
Investigations along these lines are in progress. 
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EXPERIMENTAL. 





Elutions of Barium Sulphate Precipitates.—The precipitate formed by neutralising to Congo- 
red with solid milled baryta the hydrolysate from caseinogen (500 g.) and 25% sulphuric acid 
(2 1.) was collected, pressed in a filter-press, and dried in air at 40° (Found: N, 5-28 mg. per 
g. of BaSO,). The procedure throughout was to seal in a glass ampoule weighed amounts of 
the barium sulphate precipitates and known volumes of the eluting liquids. The mixtures 
were shaken mechanically at 25° for the required time, the contents were centrifuged, and the 
total nitrogen of the clear supernatant liquids was estimated in aliquot portions by the micro- 
Kjeldahl method. Each elution was performed in duplicate. 

(i) By hydrochloric acid. (a) Barium sulphate precipitate (3-0 g., containing 5-28 mg. N per 
g.) eluted with 1% hydrochloric acid (6-0 c.c.). 


















Duration of elution, hrs. N eluted, mg. % of total N. 





i (X) 10°5, 10°4 66 
10°4, 10°4 66 
4 11-2, 11-1 71 













(b) Barium sulphate precipitate (2-0 g.) from }-hour elution (X) eluted with 1% hydro- 
chloric acid (4-0 c.c.). 





; 4°8, 48 
4 5-4, 5-4 30 









Thus all the adsorbed amino-acids were eluted by 1% hydrochloric acid in two successive 
treatinents of 4 hours each. 
(ii) By acetic acid. Portions (3-0 g. each) of the barium sulphate precipitate (5-28 mg. 
N per g.) were eluted four successive times with glacial acetic acid (6-0c.c.). (Table on p. 1647.) 
Hydrolysis and Fractionation.—The description of one representative experiment is sufficient 
to illustrate the procedure. All concentrations by evaporation were carried out under reduced 
pressure below 45°, or at lower temperatures where stated. 


















=< . 
Se OP 2 eee me Ok ee ok ek ue 








Gulland and Morris: 8-Hydroxyglutamic Acid. 


Duration of elution, hrs. N eluted, mg. % of total N. 

(a) 4 6°48, 6°44 40 
6°32, 6°26 
6°24, 6°26 

(b) 2°65, 2°65 17°4 
2°56, 2°57 

(c) 1-47, 1°51 9°5 

(d) 1-11, 1:12 70 


73°9 


Caseinogen (1-5 kg.) was hydrolysed for 30 hours with boiling 25% sulphuric acid (6 1.); 
samples taken after 25 and 30 hours contained the same amount of amino-nitrogen (van Slyke), 
indicating that hydrolysis was complete. The hot solution was diluted with water (9 1.), 
stirred mechanically, and neutralised to Congo-red by the addition of finely-milled barium 
hydroxide. Next day the barium sulphate (fraction 1) was collected in Buchner funnels and 
freed from liquid by means of a filter-press. The combined sulphuric and amino-acids of the 
filtrate were determined by titrating an aliquot part in 90% alcohol with alcoholic potassium 
hydroxide (Willstatter and Waldschmidt-Leitz, Ber., 1921, 54, 2988), and the required amount 
of milled baryta was added to the well-stirred solution. The barium sulphate (fraction 2) 
thus formed was collected and washed with water. The filtrate was poured slowly into vigor- 
ously stirred 96% alcohol (3 vols.), and the mixture was preserved in closed vessels for 4 days 
while the barium salts of the dicarboxylic acids separated (fraction 3) (Kingston and Schryver, 
Biochem, J., 1924, 18, 1070). 

Fraction 1 was eluted three times by shaking it mechanically for 4 hours with twice its 
weight of 1% hydrochloric acid in each case. The solution was concentrated to small volume, 
cooled to 0°, and saturated with hydrogen chloride. Several days later glutamic acid hydro- 
chloride was collected, and the saturation at 0° was repeated to precipitate a further small 
amount. The precipitates were washed with concentrated hydrochloric acid, and the filtrate 
and washings were evaporated to dryness, and the residue dissolved in hot water (1-5 1.) and 
mixed with excess of A.R. lead oxide. The mixture was heated for 2 hours at 100°, chilled, 
and the lead aspartate, tyrosinate, and chloride collected. The excess of lead was removed 
as sulphide, and the filtrate concentrated and extracted for 60 hours with butyl alcohol in a 
continuous-flow apparatus. When no more material was extracted, the aqueous layer was 
freed from butyl alcohol by evaporation, mixed with the requisite amount of sulphuric acid 
to make the concentration 5%, and then with phosphotungstic acid in 5% sulphuric acid 
until no further precipitate of the hexone base phosphotungstates separated. The solid was 
collected, the combined filtrate and washings mixed with saturated baryta till no further 
precipitation occurred, and the slight excess of barium accurately removed with dilute sulphuric 
acid. The filtrate and washings from this precipitate were just acidified with nitric acid, and 
the chloride was removed by means of dilute silver nitrate (no heating). The chloride-free 
solution was made just alkaline to litmus, and the silver salts were precipitated by additions of 
3N-silver nitrate and 2N-sodium hydroxide solutions until no further white precipitate separ- 
ated; a large excess of alkali wasavoided. The silver salts were washed with water, suspended 
in water, and decomposed with hydrogen sulphide, and the filtrate evaporated to dryness. 
The residue was extracted several times with glacial acetic acid at room temperature, the 
insoluble aspartic and glutamic acids collected, and the filtrate concentrated over solid sodium 
hydroxide in a vacuum desiccator at 37° to remove all acetic acid. The resulting clear gum 
was extracted three times with absolute alcohol at 50°, leaving a residue (X). The solution 
was evaporated and left a clear, pale yellow gum (Y) which contained hydroxyglutamic acid. 

The material (X) was submitted to fractionation in aqueous alcohol, and yielded (i) glutamic 
acid, m. p. 198° alone or mixed with an authentic specimen (Found : C, 40-1; H, 6-1; N, 9-7. 
Calc. for C;H,O,N: C, 40-8; H, 6-1; N, 9-5%); (ii) an inseparable mixture, m. p. 184°, of 
glutamic and pyrrolidonecarboxylic acids (Found: C, 34-5; H, 5-6; N, 9-6%), which gave 
the pine-splinter pyrrole reaction when heated with zinc dust, but yielded no malic semialdehyde 
when oxidised with chloramine-T; and (iii) an impure sulphur-containing substance, which 
was insoluble in all solvents except water and gave negative Millon, Pauly, sulphydryl and 
disulphide reactions. In one sample, which did not melt, the ninhydrin reaction was negative 
(Found : C, 34-0; H, 5-9; N, 12-0; S, 13-0%), in another, m. p. 150°, it was positive (Found : 
C, 31-3; H, 5-5; N, 10-6; S, 6-7%). 

Fraction 2 was eluted three times for 4 hours with 1% hydrochloric acid, the solution 
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concentrated and made alkaline to litmus with baryta, and next day barium i-aspartate 
(Kingston and Schryver, Biochem. J., 1924, 18, 1070) was collected. The excess of barium 
was removed from the filtrate by means of sulphuric acid, the precipitate eluted with hydro- 
chloric acid, and the elute and filtrate were added to the solution from fraction 1 at the 
appropriate stage. 

Fraction 3 was submitted to the routine fractionation already described in the case of 
fraction 1, and finally a negligible amount of impure glutamic acid was obtained by decomposing 
the silver salts. 

Examination of the Alcohol-soluble Gum (Y).—Oxidation. Chloramine-T (1-5 g.) was added 
to a solution of the gum (1 g.) in water (5 c.c.) neutralised with N-sodium hydroxide (7 c.c.). 
Toluenesulphonamide was immediately precipitated, and after 30 minutes the solution was 
heated at 60° for 30 minutes till no chlorine was detectable, cooled to 0°, filtered, and heated 
for 1 hour at 100° with p-nitrophenylhydrazine (2 g.) in warm glacial acetic acid. The dark 
red-brown precipitate was collected while the solution was still hot, washed repeatedly with 
boiling alcohol, dried (0-07 g.), and crystallised from nitrobenzene, forming dark red needles, 
m. p. 297°, identical with authentic malic semialdehyde p-nitrophenylosazone (Found : N, 21-6. 
Calc. for C,,H,,O,N,: N, 21-7%*). A minute trace gave very intensely the blue coloration 
with alcoholic sodium hydroxide characteristic of p-nitrophenylosazones. 

In another experiment the gum (0-13 g.) was hydrolysed with 15% hydrochloric acid (2 c.c.) 
for 1 hour at 100° and the product was freed from hydrochloric acid by distillation, dissolved in 
water (2 c.c.), neutralised with sodium carbonate, and oxidised with chloramine-T (0-15 g.) 
in water (1-5 c.c.) as before. The yield of p-nitrophenylosazone was 14 mg., indicating that 
17% of the gum consisted of hydroxyglutamic and hydroxypyrrolidonecarboxylic acids. 
Calculations of amounts of hydroxyglutamic acid are based on the yield of malic semialdehyde 
p-nitrophenylosazone obtained by Dakin from the pure amino-acid. 

Hydrolysis.—The gum (30 g.) which contained traces of sulphate ion, was dissolved in 
2N-hydrochloric acid (200 c.c.), the sulphate removed exactly by means of barium chloride, 
the barium sulphate removed, concentrated hydrochloric acid (20 c.c.) added, and the solution 
boiled under reflux for 5 hours. The chloride was eliminated with silver acetate, and the 
excess of silver with hydrogen sulphide. The filtrate was concentrated by distillation, and then 
to dryness over phosphoric oxide, and the resulting solid was extracted several times with glacial 
acetic acid (80c.c. inall). The insoluble material consisted chiefly of aspartic acid, which was 
purified as the characteristic copper salt. The acid crystallised in plates from aqueous alcohol 
and showed the usual variations of m. p. with rate of heating (Found: C, 36-1; H, 5-3; N, 10-5. 
Calc. for C,H,O,N: C, 36-1; H, 5-3; N, 10-5%). 

The acetic acid solution was distilled to dryness, the residue dissolved in water at 60°, mixed 
with excess of zinc oxide to precipitate zinc glutamate, the excess of zinc removed with hydrogen 
sulphide, and the filtrate concentrated to small volume and placed in a flat dish over absolute 
alcohol (renewed as necessary) in a desiccator evacuated to a pressure of 30 mm. of mercury. 
The gradual absorption of alcohol by the aqueous solution depressed the solubility of the 
amino-acids, which slowly separated in crystalline form. Fine needles, m. p. 270°, separated 
first (Found: C, 54-6; H, 9-6; N, 10-9. Calc. for CgH,,0,N: C, 54-9; H, 9-9; N, 10-7%). 
They gave the ninhydrin reaction and had [«]p = — 10-2° in water and + 14-7° in 20% hydro- 
chloric acid. These facts are sufficient to establish the identity of this substance with /-leucine 
({a]p = — 10-8° in water and + 15-9° in 20% hydrochloric acid), since in the case of it alone of 
the five isomeric leucines does the change of solvent cause a reversal of the sign of the rotation. 

A mixture of aspartic and glutamic acids then separated, and as it was obviously too complex 
to be separated by the usual methods, the aqueous alcohol was evaporated, and the residue 
(1-0 g.) dried thoroughly. When a portion was oxidised with chloramine-T in the usual way, 
it yielded an amount of malic semialdehyde p-nitrophenylosazone corresponding to the presence 
of 22% of hydroxyglutamic acid. 

8-Hydroxyglutamic Acid.—The preceding solid (0-52 g.) was stirred into an ice-cold mixture 
of glacial phosphoric acid (14 g.) and phosphoric oxide (0-6 g.). After this mixture had remained 
over phosphoric oxide in a desiccator for 40 hours, it was cooled in a freezing mixture, and crushed 
ice was cautiously added, followed by excess of barium carbonate until no further evolution of 
carbon dioxide occurred. The reaction of the solution was then at pq 6. When the solution 
had been filtered from barium phosphate and carbonate, it was evaporated under as highly 
reduced pressure as possible at 30°, poured into about 15 volumes of absolute alcohol, and the 


* The theoretical percentage of nitrogen in this substance is as stated, and not 22-7 as quoted by 
Dakin and by Harington and Randall. 
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solution concentrated for 24 hours over phosphoric oxide in a vacuum desiccator. The 
crystalline precipitate which separated contained barium and phosphorus, but after three 
crystallisations from aqueous alcohol, all the barium had been precipitated as free phosphate. 
The nature of this unstable compound of amino-acid, barium and phosphoric acid is unknown. 

8-Hydroxyglutamic acid, which separated from the aqueous alcoholic solution, formed thick 
colourless needles, which appeared to lose water at about 110° and became transformed into a 
glassy solid which finally melted at 130—135° (Found: C, 33-4; H, 7:3; N, 7:8. Calc. for 
C;H,O;N,H,O: C, 33-2; H, 6-1; N, 7:7%). In aqueous solution it was either optically 
inactive or had a slight dextrorotation; owing to the small amount of material available the 
specific rotation could not be accurately determined. It gave a green fluorescent solution with 
a-naphthol and concentrated sulphuric acid, the fluorescence being equal to or more intense 
than that given by an equal weight of pure glutamic acid under the same conditions. 

The behaviour of Dakin’s §-hydroxyglutamic acid when heated is described as follows : 
“In the neighbourhood of 100° the acid becomes pasty and appears to part with water. 
Eventually on raising the temperature the whole of the acid is converted into a clear glassy 
mass. The change is brought about rapidly at a temperature of about 140—150°... .” 
Dakin’s acid showed a low dextrorotation in aqueous solution and gave a clear fluorescent 
green colour with «-naphthol and concentrated sulphuric acid. 

When the acid (10 mg.) was oxidised with chloramine-T (15 mg.) in the usual way and the 
product was treated with p-nitrophenylhydrazine (20 mg.) in alcoholic acetic acid, crystalline 
malic semialdehyde -nitrophenylosazone, m. p. 280°, separated in amount (4-2 mg.) corre- 
sponding to 57% of Dakin’s yield. It gave the blue colour reaction with sodium hydroxide, 
and when crystallised from nitrobenzene melted at 298°. The lower yield as compared with that 
of Dakin was naturally due to the difficulties of working with very small quantities. 

Electrodialysis.—The apparatus closely resembled that of Cox, King, and Berg (J. Biol. 
Chem., 1929, 81, 755). The only details which need be mentioned are the present use of platinum, 
instead of carbon, electrodes to avoid the formation of colloidal carbon; the use of cellophane 
no. 400, 0-00126 in. thick, instead of parchmentised paper; the waterproofing of the cell walls 
with four coats of cellulose varnish; and mechanical stirring of the centre compartment. The 
cellophane membranes were soaked in distilled water over-night and lasted during 30 hours of 
dialysis before they became less permeable. During the whole dialysis the temperature was 
maintained below 30° by the use of efficient cooling coils. The liquid in the centre compartment 
was kept at pg 5-5 by the addition of 5N-sodium hydroxide or glacial acetic acid as required. 
The electrical arrangements consisted essentially of a potential divider across the 200 v. D.C. 
mains, by means of which the required E.M.F. was applied to the circuit containing the cell, an 
ammeter and a 50-ohm variable resistance for fine adjustments. A uniform current of 1-5 amps. 
was maintained. In addition, a third electrode B was placed in the centre compartment, 
so that the inter-compartment resistances could be determined by measuring the potential 
differences between the anode (A) and B, and between the cathode (C) and B. At the beginning, 
the resistances AB and BC were equal, but as the dialysis proceeded, AB increased relatively to 
BC, and when AB was equal to 10BC electrodialysis was stopped. 

Hydroxyglutamic Acid Content of Caseinogen.—Caseinogen (500 g.) was hydrolysed with 25% 
sulphuric acid (2-5 1.) as before, and water (3-7 1.) added. The barium sulphate obtained by 
neutralisation to Congo-red with baryta was collected, pressed, and eluted with twice its weight 
of 90% acetic acid for four periods of 1 hour each, and the combined solutions were concentrated, 
diluted with water, and electrodialysed as described above. The anode liquor was freed from 
methionine by butyl alcohol extraction or by precipitation with mercuric chloride (Pirie, 
Biochem. J., 1932, 26, 1270), the methionine being identified by analysis, m. p., specific rotation, 
and conversion into the derivative with a-naphthyl isocyanate. After removal of the butyl 
alcohol by evaporation, or precipitation of the mercury and chloride by hydrogen sulphide and 
silver acetate, the solution was concentrated to 50-0 c.c., and 2 c.c. were neutralised, oxidised 
with chloramine-T (0-5 g.), and the products treated with p-nitrophenylhydrazine (0-3 g.) 
in alcoholic acetic acid inthe usualway. The precipitate thus obtained was extracted repeatedly 
with boiling absolute alcohol to dissolve glyoxal p-nitrophenylosazone and -nitrophenyl- 
hydrazones. The weight of the residual malic semialdehyde p-nitrophenylosazone (48-6 mg.) 
corresponded to the presence of 0-33% of 6-hydroxyglutamic acid in the caseinogen, on the 
assumption that this amino-acid is totally adsorbed on the barium sulphate ; this assumption is 
based on the preceding experiments. 


Tue Lister INstiTuTE, Lonpon, S.W. 1. [Received, July 30th, 1934.]} 








Notes. 
NOTES. 


Diacetylethylene. By K. F. ARMSTRONG and ROBERT ROBINSON. 


Tuts substance (I), which has not hitherto been described, is obtained in 15% yield (pure 
crystalline product) by the oxidation of acetonylacetone with selenious acid: 
Me*CO-CH,*CH,*COMe —-> Me*CO*CH:CH*COMe (I). The only isomeride so far isolated is 
faintly yellow and, by analogy with the dibenzoylethylenes, of which the cis-form is colourless 
and the tvans- is yellow (Conant and Lutz, J. Amer. Chem, Soc., 1923, 56, 1303), it would appear 
to be the trans- modification. The oxidation of acetonylacetone takes a course analogous to 
that of ethyl succinate, which Astin, Riley, and Newman (J., 1933, 391) found to be oxidised by 
selenious acid with formation of ethyl fumarate (and ethyl hydrogen fumarate) in 40% yield. 

Diacetylethylene.—Acetonylacetone was refluxed for 1 hour with selenious acid (15 g.) in 
water (500 c.c.), and the liquid then distilled in steam. A brown oil was isolated from the 
distillate, saturated with ammonium sulphate, by means of ether, and this partly crystallised. 
It was exhausted with boiling light petroleum (b. p. 40—60°) and, when the yellow extract 
was cooled to 0°, crystals (5 g.) were deposited (recrystallised, 3-75 g. or 15%). The faintly 
yellow, flat needles, m. p. 75-5—76-5°, are soluble in water and in organic solvents with the 
exception of light petroleum (Found: C, 64:5; H, 7-1. C,H,O, requires C, 64-3; H, 7-1%). 
The b. p. is about 90°/15 mm. The substance gave no ferric reaction, but a second product of 
the oxidation, not yet isolated, responds to this test. 

Diacetylethylene rapidly decolorises alkaline permanganate and instantly absorbs bromine; 
it reduces Fehling’s solution in the cold. The solution in concentrated sulphuric acid is orange- 
brown and, on treatment with aqueous caustic alkali, a characteristic cherry-red coloration 
(yellow on acidification) is produced. 

The mother-liquors from the preparation afforded 6-5 g. of a colourless liquid, b. p. 87—91°/15 
mm., the properties of which indicated that it consisted of an uncrystallisable mixture of the 
isomeric diacetylethylenes; it was certainly not unchanged acetonylacetone. 

The bis-2 : 4-dinitrophenylhydrazone was prepared in methyl-alcoholic solution and separated 
at once. It crystallised from pyridine as bright red needles, m. p. 291—292° (Found : 
C, 46-0; H, 3-5; N, 23-4. C,,H,,O,N, requires C, 45-8; H, 3-4; N, 23-7%). 

Hydrogenation.—One mol. of hydrogen was rapidly absorbed in methyl-alcoholic solution 
in the presence of a silica-supported platinum catalyst and absorption then ceased. Diacetyl- 
ethylene (112 mg.) and catalyst (20 mg.) absorbed 22-4 c.c. of hydrogen in 10 minutes. The 
2 : 4-dinitrophenylhydrazone was prepared (280 mg.) and crystallised from pyridine, m. p. 
257°, alone or mixed with an authentic specimen of the bis-2 : 4-dinitrophenylhydrazone of 
acetonylacetone (Found: N, 23-5. C,,H,,0,N, requires N, 23-6%). Again, diacetylethylene 
(112 mg.), reduced in acetic acid solution in the presence of the catalyst, was then treated with 
phenylhydrazine (50% acetic acid solution, heated on the steam-bath for 30 minutes) and 
l-anilino-2 : 5-dimethylpyrrole (75 mg.) was obtained. This derivative crystallised from 
aqueous alcohol in glistening plates, m. p. 90—91°, alone or mixed with an authentic specimen 
(Knorr, Ber., 1889, 22, 170). Diacetylethylene (56 mg.), with catalyst (100 mg.), in acetic 
acid solution absorbed 3 mols. of hydrogen corresponding to the production of a saturated 
glycol. 

The reduction of diacetylethylene can also be accomplished by means of zinc dust and acetic 
acid or by weakly alkaline hydrosulphite and in both cases the product is acetonylacetone.— 
Tue Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, August 9th, 1934.) 





Observations in the Xanthene Group. By E. A. H. RosBerts and RoBERT ROBINSON. 


CHLOROANIL is useful as an oxidising agent for leuco-derivatives in the xanthylium-salt and 
similar series, especially when the aromatic nuclei are hydroxylated or when there are other 
reasons why halogens should not be employed. 

1: 3:6: 8-Tetrahydroxyxanthene——An aqueous solution of sodium hydrosulphite was 
gradually added to one of 1:3: 6: 8-tetrahydroxyxanthylium chloride (12 g.) (Pratt and 
Robinson, J., 1923, 123, 739) in 2N-sodium hydroxide, vigorously stirred and heated on the 
steam-bath, under hydrogen for about 2 hours. The progress of the reduction could be followed 
by noting the decoloration and, on cooling, the xanthene separated in long white needles (10 g.). 
The substance was recrystallised from water (sulphur dioxide). It gradually decomposed above 
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100° and finally charred without melting (Found: C, 63-2; H, 4-2. C,,;H,,O,; requires C, 
63-4; H, 4:0%). On bromination with 2 or 4 mols. of bromine in cold acetic acid solution, it 
afforded a tetrabromo-derivative, pale orange-brown crystals from 95% alcohol. This substance 
gave concordant results in C and H estimations but the content of bromine found was always 
1—2% low (e.g., Br, 55-8; calc., 56-9%). When the acetic acid solution was boiled after the 
bromination, an orange xanthylium bromide separated in deep red needles that could be re- 
crystallised from a large volume of glacial acetic acid (Found: C, 27-9; H, 1-1. C,,;H,O;Br, 
requires C, 27-8; H, 11%). This is probably tvibromotetrahydroxyxanthylium bromide; its 
orange-yellow solution in 0-5% hydrochloric acid becomes deep pink on the addition of alkalis 
owing to fluorone formation. 

The xanthene (2 g.), dissolved in acetic acid (10 c.c.), was oxidised at the boiling point of the 
solvent by means of chloroanil (2 g.) in the minimum of hot aceticacid. The xanthylium acetate 
crystallised, and was collected and freed from chloroanil by extraction with hot acetic acid. It 
was then dissolved in dilute hydrochloric acid and the chloride produced was crystallised from 
dilute hydrochloric acid. The yield was almost quantitative (Found: C, 52-4; H, 3-8. Calc. 
for C,;H,O,Cl,H,O : C, 52-4; H,3-7%). The identity of the salt with 1 : 3 : 6 : 8-tetrahydroxy- 
xanthylium chloride was established by direct comparison, including spectrographic examination 
. of an alkaline solution, which exhibits an absorption band in the green. 

Other dihydro-derivatives of pyrylium salts, for example, anhydrotrimethylbrazilin (deoxy- 
trimethylbrazilone) and dinaphthapyran, have been quantitatively oxidised by chloroanil in 
acetic acid solution. 

Xanthylium salt glucosides were prepared by tetra-acetylglucosidation of this xanthene, 
followed by oxidation with chloroanil and hydrolysis. Homogeneous products could not, how- 
ever, be obtained. The distribution number of the crude product (6-7 mg. in 25 c.c. each of 
equilibrated isoamyl alcohol and 0-5% hydrochloric acid) was 34-0 and diminished by extraction 
with amyl alcohol. 

A monoglucoside of definite constitution was synthesised by condensation of 2-O-benzoyl- 
4-O-tetra-acetyl-8-glucosidylphloroglucinaldehyde (J., 1931, 2672) with phloroglucinol and 
hydrogen chloride in ethyl acetate solution. The product was precipitated by means of ether 
and hydrolysed in the usual manner and finally purified by crystallisation from 3-5% hydrochloric 
acid. The distribution number under the standard conditions was 43-7 (7-13 mg. in 50 c.c. of 


mixed solvents) and 48-3 (1-75 mg.). It thus shows a concentration effect but not a large enough 
one to indicate complete association to double molecules in the aqueous layer.—THE Dyson 
PEeRRINS LABORATORY, OXFORD UNIVERSITY. ([Received, August 9th, 1934.]} 





An Attempted Flavonol Synthesis. By E. H. CHARLESWORTH and ROBERT RoBINson. 


In view of the very facile condensation of o-vanillin with w-hydroxyacetophenones and the 
analogy existing between the cyano- and the formyl group it was thought that o-vanillonitrile 
might condense with w-hydroxyacetophenones with formation of flavonol derivatives. A 
favourable case was tested, but the reaction did not proceed in the suggested direction. 

3: 3’ : 4'-Trihydroxy-8-methoxyflavylium Chloride——A solution of o-vanillin (3 g.) and 
w : 3: 4-triacetoxyacetophenone (6 g.) in ethyl acetate (80 c.c.) was saturated with hydrogen 
chloride in the cold and kept fora week. The dark red crystalline material (6 g.) that separated 
was dissolved in hot alcoholic hydrogen chloride (90 c.c. of 0-5%), and hot concentrated hydro- 
chloric acid (35 c.c.) added. The long red needles obtained were dried in a vacuum over sul- 
phuric acid (Found : C, 56-8; H, 4-6; Cl, 10-3; lossin a high vacuum over phosphoric oxide, 5-4. 
C,,H,,;0,Cl,H,O requires C, 56-7; H, 4-5; Cl, 10-5; H,O, 5-3%). 

The solution in hydrochloric acid is orange-red ; that in alcoholic hydrochloric acid is bright 
red and feebly dichroic. Aqueous sodium carbonate develops a blue-violet coloration and 
sodium acetate gives a fading reddish-violet. The iron reaction in alcoholic solution is blue- 
violet. 

o-Vanillaldoxime crystallises from water in long colourless prisms, m. p. 125° (lit., 121° and 
123°); its alcoholic solution develops a blue coloration on the addition of ferric chloride. The 
action of boiling acetic anhydride on this oxime led to extensive decomposition ; a small quantity 
of green rectangular prisms, m. p. 297° (decomp.), but no o-vanillonitrile, was isolated. At room 
temperature, or at 85°, the monoacetyl derivative was produced, colourless prisms, m. p. 101°, 
from benzene-light petroleum (Found: N, 7-1, 6-8. C, 9H,,0O,N requires N, 6-7%). The iron 
reaction was positive (blue) and hence the oximino-group was acetylated (compare Brady and 
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Dunn, J., 1914, 105, 821; Brady, J., 1931, 105). Alkaline hydrolysis regenerated o-vanill- 
aldoxime. 

The diacetyl derivative was obtained when o-vanillaldoxime (20 g.) was refluxed with acety] 
chloride (90 c.c.) for 2} hours. The crude product (27-5 g.) crystallised from benzene-light 
petroleum in colourless prisms, m. p. 100° (Found: N, 5-4. C,,H,;0;N requires N, 5-6%) 
(ferric reaction, negative). The diacetyl derivative (27 g.) was refluxed for 2} hours with acetic 
anhydride (50 c.c.) and the oily O-acetylvanillonitrile produced was hydrolysed below 40° with 
10% aqueous potassium hydroxide. The cooled solution was acidified, and the nitrile isolated 
by means of ether. It crystallised from benzene—light petroleum in small colourless prisms, 
m. p. 61° (Found: C, 64:7; H, 4-7; N, 9-5. C,H,O,N requires C, 64-4; H, 4-7; N, 9-4%). 
The iron reaction in alcoholic solution is violet-blue, changing rapidly to a greenish coloration. 

Under no conditions could a flavonol be obtained by condensation of o-vanillonitrile with 
w : 4-dihydroxyacetophenone by using various solvents and hydrogen chloride, with or without 
zinc chloride. Moreover, acetylation of the hydroxyl groups, of this and other similar second 
components, was useless. The nitrile does not condense with acetylacetone to an isolable 
product. Salicylonitrile was equally inactive. In some of these experiments a hydrochloride, 
m. p. 100—112°, was isolated; this regenerated o-vanillonitrile on treatment with water. 

Following the method of Nishikawa and Robinson (J., 1922, 121, 839) for the condensation of 
salicylonitrile and phloroglucinol, the condensation of o-vanillonitrile and the trihydric phenol 
did not proceed as expected. A definite product was purified by solution in 2% aqueous sodium 
hydroxide and precipitation by acidification as colourless needles that appeared homogeneous 
under the microscope. The substance softened at 62° and was molten at 90° (Found : C, 61-0; 
H, 4-5; N, 65%). The low melting point, ready solubility in hot water, and high nitrogen 
content show that this substance is not the analogue of Nishikawa and Robinson’s ketimine, 
m. p. above 300°, obtained from salicylonitrile and phloroglucinol—THrE Dyson PERRINs 
LABORATORY, OXFORD UNIVERSITY. [Received, August 9th, 1934.] 





An Extraction Apparatus for Solids and Liquids. By Eric L. Mays and FRank L. 
WARREN. 


DvuRING continuous work on the extraction of different products it became desirable to construct 
an apparatus having a wider adaptability than those commonly used, e.g., that of Soxhlet. The 
designs described below meet these requirements in that the apparatus can be fitted with the 
ordinary laboratory apparatus and used for extracting 
Fic. 1. Fic. 2. : ee A 

various quantities of material at any temperature 
¢ ¢ above or below that of the room. Ordinary corks 
used in the apparatus do not come in contact with the 
liquid solvent, for air is trapped in the extraction flask 
when it is nearly full (hole H, see below). The con- 
struction is simple, strong, and permits of easy 

repair. 

Extraction of Solids —The apparatus (Fig. 1) is 
connected at C with a reflux condenser, at S with a 
flask containing the solvent, and at E with a wide- 
mouthed bottle containing the substance to be ex- 
tracted held in a paper thimble or a cloth bag. The 
vapours of the solvent are condensed back to fill the 
extraction-bottle until the liquid covers the hole H, 
whereupon the tube EC begins to fill and the liquid 
runs back via the small tube. The introduction of 
the loop L is essential to promote syphoning in wide 
tubes. 

Extraction of Liquids.—The apparatus (Fig. 2) of a similarly simple construction is for the 
continuous extraction of a solution with a solvent lighter than the extracted liquid. Besides 
the advantages referred to above, the apparatus does not become blocked by the separation, due 
to the removal of water by the extracting liquid, of the inorganic material with which the 
solution is usually saturated before extraction, for the solid separates over the bottom of the 
bottle and not in the tube.—Ecypt1an UNIVERsItTy, ABBassIA, Catro. [Received, August 15th, 


1934.) 
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Preparation of Avabinose from Gum Acacia (Gum Kordofan). By H. C. CarRriIncTon, 
W. N. Haworth, and E. L. Hirst. 


ALTHOUGH it has long been known that /-arabinose is obtainable from gum acacia, we have 
devised a particularly useful procedure giving a considerably improved yield. 

Arabic acid was prepared from gum acacia by a slight modification of Neubauer’s method 
(Annalen, 1857, 102, 105). The gum acacia used had [a]}}° — 30° in water. A solution of the 
gum (100 g.) in warm water (100 c.c.) was filtered through glass wool and acidified with dilute 
hydrochloric acid. The gum was then precipitated by adding slowly, with constant stirring, 
1 1. of methylated spirit. The precipitate was filtered off, and the procedure of dissolution in 
water, acidification and precipitation with methylated spirit was repeated three times. A final 
precipitation was carried out without acidification of the aqueous solution, so that the product 
should contain no mineral acid. The arabic acid was a white powder which was dried in a 
vacuum oven at 50°. Yield, 80g. Ash content, 0-2%. 

A solution of arabic acid (100 g.) in 1 1. of 0-01N-sulphuric acid was heated on the water- 
bath at 95° for 14 hours; the rotation rose from [a]? — 24° to + 32°, at which value it remained 
constant. The solution was neutralised by stirring with barium carbonate, and the liquid was 
filtered. The filtrate was added slowly, with stirring, to 2-5 1. of alcohol (P.B.S.). The preci- 
pitate was filtered off, and the filtrate evaporated to a syrup under reduced pressure at 40°. The 
syrup crystallised rapidly on nucleation with a crystal of arabinose. After a week it had 
crystallised almost completely. It was then kept under alcohol over-night, and was purified by 
trituration under alcohol. The product was a snow-white powder, which was washed with a 
little alcohol and dried in a vacuum. Yield, 18 g. Recrystallisation from aqueous alcohol 
gave pure /-arabinose, m. p. 157°. [«]?, + 185° in water (initial value) —-> + 108° (constant 
value). It was further characterised by preparation in quantitative yield of the benzylphenyl- 
hydrazone, m. p. 170°.—UNIVERSITY OF BIRMINGHAM, EDGBASTON. [Received, August 17th, 
1934.] 
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Catalytic Effect of Alkalis on the Rate of Racemisation of 1-trans- 
ay-Dimethylglutaconic Acid. 


By Joan E. Butt, JAMEs S. FITZGERALD, J. PACKER, and JOCELYN FIELD THORPE. 


THE rate of racemisation of J/-trans-«y-dimethylglutaconic acid under the influence of 
various concentrations of hydrochloric and sulphuric acids has been studied by Fitzgerald 
and Packer (J., 1933, 595), who showed that it may be expressed as the sum of the partial 
rates due to the different catalytic entities present. The following equation most nearly 
fits their experimental values : 


v=15 x 107+ 4 x 10°%OH’] + 4 x 10°[H,0°) 


The constant term includes the catalytic effect of the water and glutaconic acid molecules, 
the concentration of which may be considered to be constant in acid solutions. The 
rate of racemisation is here represented by v, instead of & as in the above paper, because, 
although numerically equal to the pseudo-unimolecular velocity constant (k) for the 
change at each fixed concentration of the catalyst, and therefore independent of the 
concentration of the glutaconic acid, it is, obviously, a function of the concentration of the 
catalyst. 

The work has now been extended to a study of catalytic effect of various concentrations 
of potassium and ammonium hydroxides on the same system. The methods of measuring 
and calculating the rate of racemisation were exactly as described in the previous paper. 
The results are given in Table I, in which M is the concentration of catalyst (mols./l.), 
r gives the ratio of M to the molarity of glutaconic acid, which was approx. 0-125M (2 g. 
per 100 c.c.), and & is the unimolecular velocity constant at 100°; #, relates to the 
glutaconic-alkali mixtures, and was measured colorimetrically, several of the lower 
concentrations being checked by measurements with a hydrogen electrode. 

5Q 





Bull, Fitzgerald, Packer, and Thorpe: 


TABLE I. 


100k 100k 100k 
(hr.-1). . M. . (hr.-). » , ? (hr.-?), 
(Water) 2°92 
Potassium hydroxide. 

00005 0° 3°02 . 0°10 . 14°28 ; 0°30 , 4°63 
0-001 3:13 ‘7 0125 1 8°95 : 17°44 
0°005 4:59 . 0°15 : 6°98 , . ‘ 33°01 
0-01 , 5°97 ‘ 0-20 ‘ 2°43 4 : , 42°15 
0-05 12-96 0-225 1: 0995 6° 90°46 

0075 O06 14:50 ‘2 0-25 0-644 7: ‘0 135°3 


Cw 
Seo 
wa 


||| 


Ammonium hydroxide. 
00005 0° 3°44 i 0°10 0-8 14-98 . rf , 0°597 
0:002 . 4°32 : 0125 1:0 11°31 , . : 1°19 
0°01 , 8°38 p 0°15 1-2 10°21 , ; , 0°43 
1°6 
2-0 


© w w 
aocnaoc 


0°05 , 13°19 ‘ 0°20 3°35 . ‘ 4 1:27 
0-075 , 15°86 ; 0°25 0-669 ; ‘ 40 117 


The value for the #, of the aqueous solution of the glutaconic acid (2-48) is somewhat 
lower than that given in the previous paper (2-7), obtained with a quinhydrone electrode, 


Fic. 1. Fic, 2. 








© KOH. 

+ NH,OH 

x HCL 
—J00 v, calc. 








coefficient. 
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for it has now been found that, both in the aqueous solutions and in those containing added 
hydrochloric acid or potassium hydroxide, this electrode gives a somewhat higher value 
than the hydrogen electrode. This difference is negligible for the present work, and is 
probably due to a “ salt effect ” of glutaconic acid on the former electrode. 

In Fig. 1 kis plotted against M. With increasing concentration of potassium hydroxide 
the rate of racemisation first increases, as would be expected from Fitzgerald and Packer's 
equation, to a maximum at 0-075M, then falls to a minimum at 0-25M, and finally 
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increases again rapidly. With ammonium hydroxide, the curve is similar up to 0-25M, 
but above that the rate altered very little, although experimental difficulties made its 
determination less accurate in this region. For this difference between the two alkalis 
no explanation has been found; no chemical interaction between the ammonia and gluta- 
conic acid could be detected. The slightly stronger catalytic effect of ammonium hydroxide 
up to concentrations of 0-25M may be due to the catalytic activity of ammonia molecules, 
but is of minor importance and has been neglected in the discussion. 

The maximum in k occurs when 7 is just less than unity, whereas at the minimum 7 = 2, 
corresponding to formation of the normal salt. The racemisation is brought about by 
tautomeric mobility in the three-carbon system of the glutaconic acid, and the effect of 
adding alkali to this system is not only to increase the hydroxyl-ion concentration, but 
also to bring about ionisation of the terminal carboxyl groups by salt formation. According 
to modern theories of prototropic change, the presence of a negative charge produced by 
such ionisation would be expected to bring about decreased mobility in the prototropic 
system. In order to test this view and obtain a quantitative measure of the effect of re- 
placing a CO,H by a CO,’ group, it is necessary to know the concentrations of the un- 
dissociated glutaconic acid molecules (C;H,)0,), and of the partially dissociated (C,H,O,’) 
and completely dissociated (C;H,O,’’) ions at each concentration of added alkali. These 
values have been calculated from the measured dissociation constants of the glutaconic 
acid (see p. 1657) and are recorded in Table III. The three species are denoted in the 
following by HCH, HC’, and C” respectively. 

It may be shown that above pu 2-8 the catalytic effect of the hydrogen ions is negligible 
in comparison with that of the hydroxyl ions; and also that at 4g less than 3-3 the system 
HCH is the only one present in appreciable concentrations, whereas above fy 8-4, C’”’ alone 
is present. Hence the relative rates of change of the undissociated glutaconic acid and 
doubly ionised normal salt can be obtained by comparing the hydroxyl-ion concentrations 
of the two systems at equal values of k. Practically constant values are obtained over a 
considerable range as is shown in Table II, from which it appears that the rate of change 
of the undissociated glutaconic acid (HCH) is 4-5 x 10° times that of the doubly-ionised 
normal salt ions (C”’). 

TABLE II. 
2°89 
8°53 
7°75 
3°39 
4:37 
Mean 4: 5 

In order to represent the velocity in the range in which rate of change of the uni- and 
bi-valent anions becomes important, it is necessary to expand Fitzgerald and Packer’s 
equation by the addition of terms expressing the speeds of racemisation of these ions. 
Unless the relative catalytic efficiencies of the hydrogen and hydroxy] ions for the racem- 
isation of the anions is very different from those for the undissociated acid molecules, it 
can be shown that, over the #g range in which the anions HC’ and C” are present, the 
effect of the former may be neglected in comparison with that of the latter. In support 
of this, it was found that the addition of only two terms, expressing the catalytic effect of 
the hydroxyl ions on the HC’ and C” anions, sufficed to represent the results, notwith- 
standing that, owing to dissymmetry of the structure, two univalent ions 
(‘CO.*°CHMe-CH:CMe-CO,H and CO,H-CHMe-’CH:CMe:CO,’), in addition to the bivalent 
ion C’, might be expected to occur. The equation which best agrees with our results is 


v = {1-65 x 10% + 4-06 x 10°[H,O"] + 2-03 x 10°(OH'}onuon 
+ 7-62 x 10°[OH’ Jag + 4:51 x 10°[OH’}o.. 


where yoy, Myo, and mg. represent the molar fractions of the total glutaconic acid 
present in the three states. The coefficients in this equation representing the catalytic 
activities of the undissociated glutaconic acid and of the hydrogen and hydroxyl ions on 
the undissociated acid molecules HCH are somewhat different from those in Fitzgerald 
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and Packer’s equation, but the change makes little difference to the agreement on the 
acid side previously studied. 

The values of v calculated from this equation are shown in col. 5 of Table III, and are 
represented by the curve in Fig. 2. The points correspond to the experimentally 
determined values of k, those below fg 2-5 being the values given by Fitzgerald and 
Packer, the #y’s of the solutions of very low hydrochloric acid concentration having been 
omitted. 


TABLE ITI. 

100, 100, 
du. [HCH]. [HC’. [C”] calc. Pu. [HCH]. [HC’. [C’”’]. calc. 
2°48 0°124 0003 a 2-2 50 0°0044 0-080 0°042 7-07 
2°6 0124 0-003 —_ 2°4 5-2 00016 0:069 0056 4°15 
2°7 0°124 0-003 —_ 2°61 5°4 00008 0°056 0-071 3°32 
2-9 0-121 0°006 — 3°08 56 0:00041 0°046 0-081 2°74 
3-0 0-116 0-011 _ 3°45 58 0°00018 0-037 0°09 1-96 
3:2 0-114 0-013 — 4°37 6-0 0°00008 0°022 0°105 1-41 
3°4 0°108 0°019 one 5°74 6-2 0°000037 0-011 0-116 0°94 
3°6 0°097 0°0297  0°0008 7°43 6°5 — 0-005 0-122 0°23 
3°8 0-088 0-037 ~=—-: 00016 10°02 7-0 ~ 0°002 0°125 0°17 
4°0 0-08 0044 0°003 13°35 7°4 _ 000074 071259 0-22 
41 0066 0056 0°005 14°15 78 — 000029 -0'1263'—Ss«0"39 
42 0°059 0-061 0°007 15°73 8-0 — 000017 071264 0°56 
4°3 0°049 0068 0°0096 16°28 8-2 a 0000114 0°1265 0°82 
44 0°040 0074 0-013 16°58 86 —_ — 0°1266 1-79 
4°5 0-029 0-080 =: 0018 15:08 9:0 — — 0°1266 4:49 
4°6 0-022 0-085 0°020 14°30 9-2 _ _ 01266 8 =7°12 
48 0-008 0-087 0°032 8°22 9°6 —_ — 0°1266 17-90 


The results obtained give further support to Dawson’s method of representing acid—base 
catalysis; a quantitative measure of the effect on the mobility of the three-carbon 
system, of altering the terminal activating groups from —CO,H to —CO,’, has been obtained. 


EXPERIMENTAL. 


Measurement of Rate of Racemisation at 100°.—The acid was prepared and resolved, and the 
racemisation carried out, as described previously (Fitzgerald and Packer, loc. cit.). Except in 
the case of the more concentrated ammonia solutions, points on the graph obtained by plotting 
the logarithm of optical rotation against time fell close to, and symmetrically about, the straight 
line which was the calculated unimolecular velocity constant given in Table I. These observ- 
ations are not recorded, but the values of k in the table represent the final mean calculated 
values. 

Measurement of py.—The pg of most of the solutions was measured after racemisation by 
means of a Hellige comparator with coloured glass standards. For the determination of the 


TABLE IV. 

C.c. pu. [A]. a. ([C,H,O,]. [(C,H,O,]. K, x 104. 
0 2°48 0°1000 0°0331 0°0967 0:0033 1°13 
1 2°82 0:0823 0°0184 0°0808 0°0101 1°89 
2 3°10 0:0676 0°0118 0-0668 0°0166 1-97 
3 3°36 0°0551 0°0079 0°0547 0°0222 1-77 
4 3°62 0°0441 0:0054 0°0442 0°0272 1-48 
6 3°85 0°0271 0°0052 0°0270 0°0355 1°86 
8 4°16 0°0136 0°0051 0°0135 0°0421 2°14 

10 4°40 0°00275 0°0145 0°0027 0°0473 (6°95) 
Average 1°75 
C.c. pu- Na,C,H,0,. NaC,H,0,. K, x 108, 
12 4°62 0°134 0°866 (3°71) 
14 4°82 0°323 0°677 7°06 
15 4°93 0°418 0°582 8°44 
16 5°10 0°512 0°488 8°24 
17 5°41 0°607 0°393 6°01 
17°5 5°59 0°654 0°346 4°86 
18 6°22 0-701 0°299 (1°41) 
20 11°22 0°890 0°110 -- 


Average 6°92 
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dissociation constants, measurements were made at 25°, using a hydrogen electrode of the 
Hildebrand type, and a saturated calomel half-cell. E.M.F. measurements were checked 
against standard buffer solutions. A few measurements were made with a quinhydrone 
electrode (see p. 1654). 

Determination of the Dissociation Constants of the Acid.—This was done by electrometric 
titration with sodium hydroxide. The constants were calculated by Britton’s method (J., 
1925, 127, 1897). The results are given in Table IV, the concentration of the free acid being 
represented by [A]. Col. 1 gives the number of c.c. of 0-0945M-sodium hydroxide added to 
10 c.c. of 0-1M-glutaconic acid; col. 2 the yg measured by the hydrogen electrode. The 
remaining columns are calculated by Britton’s method. The dissociation constants are 
calculated from the equations: K, = [H‘)[HC’]/[HCH], K, = [H’][C’]/[HC’]. The values 
K,= 1-8 x 10*, K, = 7 X 10° are used in the sequel. 

Constants were also calculated from Auerbach and Smolczyk’s equation (Z. physikal. Chem., 
1924, 110, 83), but although results for K, were in good agreement with the above (average 
K, = 1-78 x 10“), yet those for K, varied according to the pairs of experimental values 
employed (cf. Britton, Joc. cit., p. 1908). 

Calculation of Concentrations of [HCH], [HC’], and [C’’] at Different Concentrations of 
Potassium Hydroxide.—The calculations are possible from a consideration of the above 
expressions for K, and K, together with the following expressions : 


[K*] + [H*] =(OH’)+[HC]+2(0 . ..... (I) 
[HCH] + [HC’)+[C’]=[m]) ...... . (2) 


where [m] is the original concentration of the acid. 

It can be shown that : 

(i) Up to pg 2, only HCH is present in appreciable concentration. 

(ii) Between pg 2 and pg 3-5, [OH’] and [C’”’] are negligible with respect to [K*] and [m], 
hence (1) and (2) reduce to 


[K*] + [H"] = [HC’]; [m] = [HCH] + [HC’). 


(iii) Between py 3-5 and py 6, [OH’] and [H’] are negligible in comparison with [K"], hence 
(1) reduces to [K*] = [HC’] + 2[C’’]; and this combined with K, = [H’‘] [C’]/[HC’] gives 
[K*] = [C’)(2 + [H'}/K,). 

Equation (2) holds up to /g 5, above which [HCH] is very small, but not negligible in its 
effect; so this has been calculated from K,K, = [H*}*{(C’’]/[HCH]. 

(iv) Above pg 7. Values for [K"] at any pg below 7 were obtained by interpolation in the 
graph of molarity of added KOH plotted against the resultant pg of the solution, but above pg 7 
this could not be done with accuracy. Equation (2) becomes [m] = [HC’] + [CJ], and 
combining this with K, = [H*][C’]/[HC’], we have [m] = [C’’] (1 + [H’]/K,). 

The values for [HCH], [HC’], and [C’’] have been tabulated in Table III. 


CANTERBURY UNIVERSITY COLLEGE, 
CHRISTCHURCH, NEW ZEALAND. (Received, March 1st, 1934.] 
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n-Primary Alcohols and their Acetates. 


By Joun W. C. Puitirps and STanLEY A. MumForp. 


In Parts IIT and IV of this series (Rec. trav. chim., 1933, 52, 175, 181) it was shown that the 
series of higher aliphatic ethyl esters C,H,,,,°CO,Et exhibited three distinct kinds of 
alternation of polymorphic type, viz., (a) alternating monotropy (with esters up to = 13), 
the opaque 6-forms of both odd and even members being stable, and the transparent 
a-forms metastable and unobtainable except by admixture; (6) alternating monotropy 
and enantiotropy (with esters from = 13 to about = 19), the «-forms of the odd 
members being stable near the m. p., and those of the even members metastable but 
realisable; (c) alternating enantiotropy (with esters above about » = 19), the «-forms of 
both odd and even members being stable in the vicinity of the m. p. 








1658 Phillips and Mumford : 


Throughout the whole series the « f. p.’s were found to lie on a smooth curve, but the 
8 m. p.’s alternated, the 8 m. p. curve of the even esters being higher than that of the odd. 
In addition, indications were obtained of the existence of third (y-) modifications of many of 
the esters, having f. p.’s on a curve running approximately parallel to but lower than the 
8 m. p. curve of the odd esters, and intersecting the « f. p. curve at or near the m = 12 point. 

Many of our results have been confirmed by Meyer and Reid (J. Amer. Chem. Soc., 1933, 
55, 1574), who examined, inter alia, the ethyl esters of the fatty acids from decoic to stearic ; 


TABLE I. 

Polymorphism of the Ethyl Esters of the n-Aliphatic Acids, C,Hg,,,°CO,Et. 
Tr. = Temp. of transition; Tr. | from cooling curve; Tr. 4 from heating curve. 
B-Form. 

Even Odd 
Ester. esters. esters. y (B2)-Form. Ref. 
Nonoate — — f. p. ca. —36°5° f. p. ca. —42° 
— — m. p. ca. —35 _ } PM. IV. 
— _- ‘2. j — D. 
— m. p. —20°3° —_ PM. IV. 
= f.p. —19°9 -- D. 
— f.p. —19°96 — -- MR. 


Undecoate .p. —27°8°* = .?p. . .-p. —20°5 
— — .p. —19°5 } PM. IV. 





Decoate 


—19°39 MR. 


Laurate .-p. —15°5* m. p. —1°'8 .-p. ca. —11* PM.II, IV. 
— f.p. —1°68 — MR. 

Tridecoate -p. —48* _ . -p. ca. —3°5 PM. IV. 
_- .-p. —313 MR. 


Myristate .p. 4°45 * PM. II, IV. 


om -p. 1b ow MR 


own “p. 1 RR. 
11°95 Tr. ca. 7 * PM. III, IV. 
12°21 Tr.— 8°34 MR. 
19°3 . p. 24° Tr. ca. 12* PM. III, IV. 
19°4 . p. 24 — Sm. 
19°72 — MR. 
25°25 ; “6 ret 17-2 PM. III, IV. 


Pentadecoate 


Palmitate 


Margarate 
25°11 Tr.) 16°64 MR 


. 25°4 Tr.) 16 Cs. 
30°8 . p. 33- Tr.— ca. 22 * PM. III, IV. 
30°9 . p. 33° — Sm. 
30°56 — MR. 
35°7 ; , Tr.) 25°6 PM. III, IV. 
35°5 Tr.) 24°5 Malk (1). 
. 36°2 — Sh. 
40°5 . p. 41° Malk (1). 
— .?p. Ph 


20 Heneicosoate mm. p. 45f — LT. 


21 Behenate f.p. 47°8 
Ge 45 3 Buck. 
m. p. 49 f LT. 


References. AD . = Adam and Dyer (J., 1925, 127, 70). 
Buck*= Buckingham (loc. cit.). 

= Carey and Smith (J., 1933, 635). 

= Deffett (Bull. Soc. chim. Belg., 1931, 40, 385). 

= Levene and Taylor (J. Biol. Chem., 1924, 59, 905). 

= Malkin (J., 1931, 2796). 

= Meyer and Reid (loc. cit.). 

= Phillips and Mumford; the Roman numerals refer to parts of the present series. 
= Ruhoff and Reid (J. Amer. Chem. Soc., 1933, 55, 3825). 


17 Stearate 


18 Nonadecoate 


al Enel aol eel nel ae - Bal a lel al 
a es 
PPP PPP Lvp Pry py 


19 Ejicosoate 


Shiina (J. Soc. Chem. Ind. Japan, 1933, 36, 5698). 
Smith (J., 1931, 802). 


* Indicates extrapolated value. + Indicates m. p. taken in a capillary tube. 
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and the series has recently been extended by an examination of the density changes of solid 
ethyl behenate (Buckingham, Trans. Faraday Soc., 1934, 30, 377), which, as expected, is 
found to exhibit double enantiotropy, the transparent «-form (f. p. 47-8°) changing into an 
opaque 8-form at 43°, and the latter into a §,- (y-) form at 30°. (The «-form itself was also 
found to be complex, changing monotropically into an «,-form at 45°.) These additional 
data, together with the results previously reported, are incorporated in Table I and Fig. 1, 
in which the intersection of the « f. p. and 6 m. p. curves in the ester series is clearly seen. 
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It was suggested in previous papers that a similar intersection of these curves appeared 
probable in other aliphatic series, and it is the purpose of the present communication to show 
that such an intersection does, in fact, occur with the primary aliphatic alcohols and also 
with their acetates. The results of an examination of the f. p.’s and polymorphism of the 
alcohols and acetates from dodecyl to nonadecyl (excluding tridecyl) are summarised in 
Table II and given graphically in Fig. 2, together with such other data on the two series as 
are available in the literature, in particular the results of Smith and co-workers (J., 1931, 
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802; 1933, 635, 1348) on the C,,, C,,, and C,, compounds, and those of Meyer and Reid 
(loc. cit.) on the alcohols and acetates from Cy to C,,.* 

From Fig. 2 it will be seen that in the case of the alcohols C,,H,,,,°OH the « f. p. 
curve intersects the 8 m. p. curve at or about the C,, point. Dodecyl alcohol on cooling 
solidifies in the transparent a-form at 21-6°, which on standing or rubbing is converted 
monotropically into the opaque $-modification, f. p. 23-6°, m. p. 23-8°. Tetradecyl alcohol, 
on the other hand, like higher members of the series, solidifies in the a-form, but changes 
enantiotropically into a 8$-form on cooling. The transition temperatures of the higher 
alcohols estimated from their cooling curves exhibit alternation, those of the even members 
being on a higher curve than those of the odd. Transition arrests in the heating curves 
could only be obtained in the case of the odd alcohols, and these appeared to fall on a 
continuation of the 8 m. p. curve of the lower alcohols. All the alcohols from tetradecy] to 
nonadecyl were, however, found to be in the a-form at their m. p.’s, which in every case 
coincided with the « f. p. 

The existence of this intersection of « f. p. and 8 m. p. curves explains the observation of 
Verkade and Coops (Rec. trav. chim., 1933, 52, 765) that, although “ the alcohols up to and 


TABLE II. 
Polymorphism of the n-primary alcohols and their acetates. 


n-Primary alcohols, C,H. 4,°OH. n-Alkyl acetates, CH,;-CO,C,H,,+;. 
a-Form. B-Form. Ref. a-Form. B,-Form. B,-Form. 
5°99° MR. —_— f.p. —15°05° 
6°4 VC. -— — 
15°85 MR. b —12°59° f. p. —9°27 
. 163 vc. — 
23°6 
. 23°8 vas. 
. 23°87 MR. 

.p. 23°8 VC. 
30°63 . 2835+0°4 MR. 
37-7 Tr.) 350402 PM. V. 
37°62 Tr. 34°95+0°4 MR. 
37°77 Tr. 34 GR. 
43°9 Tr.) 38°9+0°1 

440 Tr. Xca.425 f PMV. 
43°84 Tr. 373 MR. 
49°25 Tr. Y 45°0+02 PM. V. 
49°27 Tr. 43°8+0°1 MR. 
49-27 Tr. | 40 Sm. 
53°9 Tr.) 473+0'1 } 

540 Tr. X 51-2 Pal. V. 
53°3 Tr. 45°7+0°15 MR. 
53°38 = Tr. |) 43°5 CS. 
57°95 Tr.) 536402 PM. V. 
57°85 Tr. 52°44+0°5 MR. 
57°95 — Sm. 

19 -p. 61°65 Tr. 54°0+0°2 

m.p.61:7 Tr. X 58 } PM. v. 

m. p. 62—63 t — LT, Malk (2) 

20 m. p. 65—66 t -- AD, LT. 


References (not included in Table I) :— 
GR ‘== Garner and Rushbrooke (J., 1927, 1351). 
Malk (2) = Malkin (J. Amer. Chem. Soc., 1930, 52, 3739). 
vc = Verkade and Coops (Rec. trav. chim., 1927, 46, 903). 


m. p. +13 
f.p. +113 


f.p. 7°03 

m. p. 14:0 

f.p. 14-01 
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f.p. 18°77 3 
m. p. 242 PM. V. 
f.p. 24°12 MR. 
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* With regard to the latter it is to be noted that these authors make an unconventional use of the 
symbol a in designating by it the first crystals obtained on solidification, irrespective of their nature. 
The present authors follow the customary usage of restricting the term “‘ a-form”’ to the soft trans- 
parent varieties which appear invariably to crystallise without appreciable supercooling, and “‘ B-form ”’ 
to the harder, more compact and opaque modifications into which the a-forms change spontaneously 
or on cooling. 
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including term-number 11 show a definite m. p. alternation . . . data available in the 
literature concerning the m. p.’s of the higher terms of the series strongly suggest the 
absence of an alternation in this constant.” 

Similarly, Meyer and Reid (loc. cit.) found that, whereas the alcohols from C,, upwards 
solidified, without supercooling (in the «-form), and showed an arrest on cooling, yet Co, 
C11, and C,, alcohols, especially if containing a trace of water, supercooled greatly and gave 
continuous cooling curves. 

Malkin’s observation (J. Amer. Chem. Soc., 1930, 52, 3739) that, whilst the C,, and C,, 
alcohols give a long spacing only, the C,, and C,, alcohols give, in addition, a shorter spacing, 
and the Cy, and C,, alcohols only the shorter spacing, also appears to be connected with the 
intersection of « and 8 f. p. curves. 

His conclusion that ‘‘ the vertical form is clearly a stable form for the odd alcohols, and 
the tilted form for the even, but the latter change into the vertical form at some point 
below fusion,’’ would, however, appear to be based on a misinterpretation, for our results, 
confirming in detail those of Meyer and Reid, show definitely that in the case of both odd and 
even alcohols above C,, the transparent «-(vertical) form is first obtained on cooling, and 
this changes reversibly into an opaque 8-(tilted) form a few degrees below the f. p. 

From visual observation it would appear that the «-forms of all the higher alcohols are 
converted into «,-forms just below the « f. p. (cf. ethyl behenate, referred to above; also 
the “ first transition point on cooling” found by Piper and co-workers with the higher 
paraffins, Biochem. J., 1931, 25, 2072). The heat effect of the change, if any, could not, 
however, be differentiated from that of solidification. 

The acetates of the even alcohols closely resemble the isomeric even ethyl esters (cf. 
Part II, J., 1932, 898) in exhibiting monotropic dimorphism, the «-forms of the Cy, and Cy, 
members being metastable but realisable, those of the C,, and C,, alcohols metastable and 
unrealisable except by admixture (very considerable in the case of the latter). The 
acetates of the odd alcohols, however, differ somewhat from the isomeric odd ethy] esters. 
As with the latter, the transparent «-form changes first into an opaque (8-) form, mono- 
tropically in the case of the lower members and enantiotropically with the higher members, 
but in addition, this 6-form, on cooling, changes slowly and monotropically into a further 
high-melting (8,) form, the 8, m. p.’s of the odd acetates lying on a curve slightly above the 
8m. p. curve of the even acetates. As will be seen from Fig. 2, the « f. p.’s of both odd and 
even acetates fall on a smooth curve, which is intersected by the 8 m. p. curve of the odd 
members between the C,, and C,, points, and appears to be intersected by the #, m. p. 
curve of the odd, and the almost coincident 8 m. p. curve of the even, acetates somewhere 
above the Cy, point. Changes in direction of the cooling curves of the a-forms of the C;,, 
C,,, and C,, acetates at about 5°, 15-3°, and 24-5°, respectively, possibly indicate additional 
transformations, but these require further investigation. The 8, odd acetates, it will be 
observed, differ considerably from the 8 even acetates in rate of growth. With the latter, 
when the cooled ester is seeded with a §-crystal, rapid crystallisation occurs and the 
temperature rises to a reproducible f. p. which approximates to the 8m. p. With the odd 
acetates, particularly the higher ones, however, a period of several hours is required for 
complete crystallisation of 8,, and the highest temperature reached during the process is 
considerably lower than the subsequent m. p. This circumstance accounts for the low 
f. p.’s recorded by Meyer and Reid, and possibly also for their inability to obtain 6,- 
heptadecyl acetate. 

Evidence of the intersection of « and 8 f. p. curves is also available in the literature (see 
Table ITT) in the case of the even paraffins C,,Hyp to C.,H;,. For instance, Smith (J., 1932, 
737) has found that both hexadecane and octadecane exhibit monotropic dimorphism, 
whilst the work of Garner, van Bibber, and King (J., 1931, 1533) and of Piper and others 
(loc. cit.) shows that with the higher even paraffins from C. upwards the transparent «-form 
changes enantiotropically on cooling into an opaque $-form (see Fig. 3). For the inter- 
mediate member, Cy9H,., Parks, Huffman, and Thomas (J. Amer. Chem. Soc., 1930, 52, 
1032) observed no transition on cooling, but from X-ray spacing data, Miiller (Proc. Roy. 
Soc., 1930, A, 127, 417) deduced the existence of two forms. 

For the methyl esters of the fatty acids, Malkin (J., 1931, 2796) gives X-ray spacing data 
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TABLE III. 
Polymorphism of the even n-paraffins and the n-aliphatic methyl esters. 



















Paraffins. Esters. 
C,,. a-Form. B-Form. Ref. C,. Ester. a-Form. B-Form. Ref. 
14 — m.p. 5°5 Kr. 13. Myristate -- f.p. 18°35 GR. 
16 f.p. 162° m. p. 18°13 Sm; CS. 14 Pentadecoate f.p.16:1 m.p.18°65 PM. V. 
m. p. 18°2 Kr. _ m.p.18°5 LeS. 
18 f.p. 27-3402 m. p.2802 Sm; CS f. p. 15°46 -— RR. 
-— m. p. 28 Kr. 15 Palmitate solidifies 22 melts 28 Watts. 
‘ . ad —_ 28—30 Ad; RD. 
20 m. p. 36°7 Kr. 16 M _p.2 an LeS: R 
m. p. 38 3 M (1) 17 —— om a Malk ." 
m. p. 36°4 § PHT. earns “> ‘on a= ©). 
> a m. p. 38—39 LT; RD; 
c ‘ Wh 
22 f.p. 43°8 Tr. 402 GBK : 
or 44°4 ’ wa Kr. 18 Nonadecoate m. p. 39 _ LT; Sh. 
m. p. 44 —_— M (2) 19 Eicosoate _— m. p. 46—47 AD; LT. 
24 m.p. dll — Kr. 20 Heneicosoate m. p. 48°5 _- LT. 
m. p. 51-2 Tr. 40—41 M (2) 21 Behenate — m. p.53°5 = LT. 
26 «f.p. 56:1 Tr. 50°1 GBK 
f.p. 561 Tr. 483 Pip. 
m. p. 58°0 Tr. 45—46 M (2). 


t Two spacings. § No transition. 


References (additional to foregoing) : : 
= Adam (Proc. Roy. Soc., 1922, 101, A, 516). 


Ad 

GBK = Garner, van Bibber, and King (/oc. cit.). 

Kr = Krafft (Ber., 1882, 15, 1700; 1886, 19, 2218). 

LeS = Le Sueur (J., 1904, 85, 827; 1905, 87, 1898). 

M (1) = Miller (Proc. Roy. Soc., 1930, 127, A, 417). 

M (2) = Idem (ibid., 1932, 188, A, 514). 

Malk (3) = Malkin (Trans. Faraday Soc., 1933, 29, 977). 

PHT = Parks, Huffman, and Thomas (loc. cit.). 

Pip = Piper et al. (loc. cit.). 

RD = Ryan and Dillon (Proc. Roy. Irish Acad., 1912, 29, B, 235). 
Rutt = Ruttan (8th Intern. Cong. Appl. Chem., 1912, 25, 431). 
Watts = Watts’s “ Dictionary of Chemistry,’’ Vol. IV, p. 385. 
Wh = Whitby (J., 1926, 1458). 


(but not thermal results) to show that the esters of the odd acids exhibit dimorphism, 
but not those of the even acids. From an examination of the literature, however, it seems 
probable that polymorphism in this series will resemble that in the ethyl ester series (see 
Table ITI and Fig. 3), the « f. p. curve being at present represented by a line drawn through 
the m. p.’s given for methyl margarate, nonadecoate, and heneicosoate and the s. p. given 
by Malkin (Trans. Faraday Soc., 1933, 29, 977) for methyl stearate. An examination of 
methyl pentadecoate shows that this ester gives a transparent «-form, f. p. 16-1° (which 
point falls on the above curve), changing monotropically to an opaque 8-form having m. p. 
18-65°, but other methyl esters are at present not available for examination. In this 
connexion, however, the observation of early workers (cf. Watts’s “‘ Dictionary of Chemistry,” 
Vol. IV, p. 385) that methyl palmitate solidifies at 22° but melts at 28° is of interest. Malkin 
(loc. cit.) has also examined the propyl, butyl, and amyl esters of palmitic, margaric, and 
stearic acids and finds that, as would be expected from the above, the margarates exhibit 
enantiotropic, but the palmitates and stearates monotropic, dimorphism. Experimental 
details are, however, not given, and the data in the literature are too scanty for generalis- 
ation in these series. 

In the case of three of the homologous aliphatic series which, according to Malkin (J., 
1931, 2796), show no alternation of physical constants amongst the higher members, but 
according to Verkade and Coops (Rec. trav. chim., 1933, 52, 747) do exhibit such alternation 
phenomena in the lower terms (viz., the n-primary alcohols, the m-paraffins, and the esters 
of the n-fatty acids), the observed apparent discrepancy is thus traceable to the intersection 
of the « f. p. and the § m. p. curves of the series. With the higher members of each of these 
series, absence of alternation of m. p. and of other physical properties in the vicinity of the 
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m. p. is to be ascribed to the fact that the transparent «- (or vertical-chain) form is stable 
at the m. p. Alternation phenomena, however, may, and do, occur with these higher 
members at temperatures below the m. p. when the a—->8 transition has taken place, 
alternation being, apparently, in some way connected with the tilted chain $-structure. 
With the lower members of the series, however, alternation of m. p. and other properties 
is general, as in their case the opaque B- (or tilted-chain) form is the stable form, the meta- 
stable «-modification being in most cases unrealisable with the pure compounds. Overa 
small intermediate range (from about » = 13 to 19 in the case of the esters C,H,,,,°CO,Et) 
apparent alternation at the m. p. is due to the circumstance that it is the 6-forms of the 
even and the «-forms of the odd esters that are being compared. 


EXPERIMENTAL. 


Even Alcohols and Acetates.—Details of the preparation and purification of tetradecyl and 
octadecyl alcohols and acetates have already been given (J., 1933, 235). Two preparations of 
the octadecyl compounds gave an alcohol having « f. p. 57-95°, and transition temperature (from 
the cooling curve) 53-6° + 0-2°; and an acetate of « f. p. 30-25° and 8 m. p. 32-85°. With the 
tetradecyl compounds, the alcohol « f. p. 37-7°, transition temperature 35-0° + 0-2°, was not 
altered by further purification, but the 8 m. p. of the acetate was raised slightly to 14-0°, this 
final purification having the effect of rendering the «-form, f. p. 3-3°, unobtainable except by 
admixture with a small percentage of higher homologue. 

The hexadecyl compounds were obtained from crude cetyl alcohol extract from the hydrolysis 
products of spermaceti (cf. Part I, J., 1931, 1732). Fractionation and subsequent recrystallis- 
ation in the $-form of the acetate eventually gave an ester having « f. p. 18-55° and B m. p. 24-2°, 
from which, on hydrolysis, an alcohol of « f. p. 49-25° and transition temperature 44-8° was 
obtained. For comparison, specimens of u-hexadecy]l acetate and alcohol were also prepared by 
the reduction of pure ethyl palmitate (8 m. p. 24-1°); the former had a f. p. 18-5° and 8 m. p. 
24-22°; the latter a f. p. 49-25° and transition temperature 44-9—45-0°. 

Pure dodecyl] alcohol, 8 m. p. 23-8°, was prepared by recrystallisation of the alcohol previously 
used (Part IV) and found to be identical with a specimen obtained by reduction of ethyl laurate. 
On cooling without stirring, transparent metastable a-crystals, f. p. 21-6°, separated, but these 
readily changed into the opaque 8-modification, m. p. 23-8°. Acetylation gave an acetate, b. p. 
120-4° + 0-2/4 mm., 6 m. p. + 1-3°. 

In order to evaluate the unrealisable « f. p.’s of the dodecyl and tetradecyl acetates, the 
binary acetate systems C,,—C,, and C,,—C,, were partially investigated by a procedure similar 
to that adopted in the case of the ethyl esters (Part IV). 

Examination of mixtures of hexadecyl and octadecyl acetates showed that the even acetate 
systems resemble the corresponding isomeric ethyl ester systems in that the a-forms give a 
continuous series of solid solutions having f. p.’s intermediate between those of the two com- 
ponent esters, whilst the incompletely realisable B-system apparently exhibits a eutectic. More- 
over, as with the ethyl ester systems, the « f. p.’s of the various mixtures were found to deviate 
slightly and approximately symmetrically from the line joining the « f. p.’s of their components 
(F, and F,) to an extent determined by the empirical equation 

F, = F, — (F, — F;)* + 0-016(F, — F,)*x(1 — *) 
where # is the mol. fraction of the lower ester (« f. p. = F,) present in the mixture. 

It is thus possible to evaluate the unrealisable « f. p. of any ester in terms of the composition 
and « f. p. of its mixtures with a higher homologue of known « f. p. 

The freezing points of the various acetate mixtures are given in Table IV. The results show 
that the a-form of tetradecyl acetate has f. p. 3-3° and requires about 4 mols.% of hexadecyl 
acetate to stabilise it; whilst that of dodecyl acetate has f. p. —16-7° and is only stable in the 
presence of some 40—60 mols.% of tetradecyl acetate. 

It is of interest, in connexion with our previous note on the subject (J., 1933, 235), that we 
have now prepared pure dodecyl, tetradecyl, and octadecyl alcohols and acetates from the 
products of the Deutsche Hydrierwerke A.-G. and found them to be identical with the corre- 
sponding compounds obtained by orthodox reduction methods. So, too, cetyl alcohol prepared 
by purification of the crude alcohol extracted from spermaceti is identical with the hexadecyl 
alcohol resulting from the reduction of pure ethyl palmitate (cf. Smith, J., 1931, 802). 

Odd Alcohols and Acetates—Methyl pentadecoate, b. p. 141—142°/3 mm., « f. p. 161°, 
8 m. p. 18-65°, synthesised from pure tetradecyl alcohol, via the iodide, nitrile, and acid, was 
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TABLE IV. 
F.p.’s of acetate systems. 


Mol, fraction Mol. fraction Mol. fraction 
lower ester lower ester lower ester 
(x). aF.p. BM.p. (x). aF.p. BM.p. (*). 

I. Cyg—C,, Acetates [F, = 30°25 — 11-75% + 2°2x(1 — *)). 
1-000 18°5° 24°2° 0-763 21-6° 
0°972 18°9 23°9 0°629 23-4 
0-942 19°3 23°45 0°499 24°85 
0-900 19°8 22°3 0°367 26°4 
0°825 20°8 — 0°255 27°7 


Cig—Cy4 Acetates [F, = 18°5 — 15°2e + 3°7x(1 — 2)]. 
1-000 (33) 14 0-764 7:5 
0-979 — if 0-645 9:5 
0-963 40 13°35 0°556 10°95 
0-929 47 =—-:12°65 0-472 12-3 
0-880 55 =: 0-410 13-2 
0°836 63 9-2 


Ci—Cy, Acetates [F, = 3°3 — 20x + 6°4x(1 — 2)]. 
1000 (—16-7) +1°3 0-607 —73 0-276 
0-889 ne —15 0°519 —5'5 : 0-192 
0-825 —_ —3-2 0-441 —3-9 0-097 one 
0°685 ows —12 0-370 = 7 0-000 (+3°3) 


converted by reduction into pentadecyl alcohol. Acetylation of the latter and crystallisation 
of the product gave an acetate which on cooling yielded transparent a-crystals of f. p. 11-4°. 
On gentle rubbing, these changed into an opaque but metastable 8-form, f. p. 14-7°, m. p. 15-2°, 
which in turn was readily converted, with rise of temperature to 18-5°, into an opaque, stable, 
8,-form, m. p. 20-3°. Further recrystallisation gave an acetate of a f. p. 11-4°, 8, m. p. 20-35°, 
but the intermediate 8-form could not be isolated with this specimen. The cooling curve of the 
a-form showed a change of direction at about 5°, followed some 2° lower by a rapid rise of 
temperature due to conversion into the 8,-form. 

From the pentadecyl acetate was obtained, by hydrolysis and subsequent crystallisation, an 
alcohol having « f. p. 43-9°, « m. p. 44-0°, and transition temperature 39-9° + 0-1° from the 
cooling curve, ca, 42-5° from the heating curve. 

For the preparation of heptadecyl acetate, cetyl acetate of 8 m. p. 24-1° was hydrolysed to an 
alcohol of f. p. 49-1°, and the latter converted into margaric acid by the usual methods. From 
this, by esterification, ethyl margarate having « f. p. 25-3°, “‘ 8 m. p.”” 20-4° (cf. Part III), was 
obtained, which on reduction and purification of the product, gave heptadecyl alcohol having 
« f. p. 53-9°, « m. p. 54-0°, and transition temperature 47-3° from the cooling curve, 51-2° from the 
heating curve. The acetate obtained from this alcohol solidified in the a-form at 24-6°; the 
cooling curve of the solid showed a change of direction at 15-3° and an arrest at about 10-5°, 
the latter corresponding with an arrest in the heating curve at 21-5°. When maintained for 
some time at a low temperature, the third (8,-) form, m. p. 20-35°, was obtained. This form 
could also be grown very slowly by keeping the liquid acetate at a temperature between 25° 
and 30° and seeding with §,-crystals. 

Nonadecy] alcohol, « f. p. 61-65°, transition temperature 54-0° + 0-2° from the cooling curve, 
58° from the heating curve, was obtained by reduction of the pure ethyl nonadecoate previously 
described (Part III). The cooling curve of its acetate, « f. p. 35-35°, showed a change of direction 
at 24-5° and an arrest at about 14°, the latter corresponding with a heating arrest at 27-2°. 
The 8,-form, m., p. 37-6°, like that of heptadecyl acetate, could only be obtained by slow growth. 

In connexion with the preparation of alcohols by ester reduction, it should be noted that the 
crude alcohols so obtained generally contain products which are not readily removed by ordinary 
processes of purification, and may give rise to fictitious results in the purified alcohol, the melt 
being frequently cloudy (cf. Carey and Smith, Joc. cit., whose original heptadecyl alcohol of f. p. 
54-2° was subsequently shown to be impure). To eliminate such impurities, the reduction 
products obtained above, after treatment with water, and boiling to hydrolyse unreduced ester, 
were precipitated with dilute calcium chloride solution and filtered. The crudealcohol, extracted 
from the precipitate with acetone, was then acetylated, and the acetate purified by repeated 
fractional distillation and/or recrystallisation. Hydrolysis of this purified acetate and 
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subsequent crystallisation of the alcohol, in general, gave a pure product from which the pure 
acetate was then obtained. 

As mentioned above, it appeared from visual observation that the «-forms of all the alcohols 
examined underwent a change into a less transparent modification within a degree or so of 
their f. p.’s, but the thermal effect (if any) of this transformation could not be differentiated from 
that of solidification. 

The procedure adopted in determining f. p.’s and m. p.’s was similar to that previously 
described (loc. cit.). In the case of the enantiotropic alcohols, « f. p.’s were determined with the 
temperature of the bath not more than 0-5° below the f. p.’s. The bath was then maintained 
about 1° below the f. p. until complete solidification had taken place, after which the cooling 
curve was determined by allowing the temperature of the bath to fallas uniformly as possible at 


the rate of about 0-5°/min. 
[Received, August 31st, 1934.] 





364. Vapour Pressures of Saturated Solutions. Lithiwm Chloride and 
Lithium Sulphate. 


By MALcoLM P. APPLEBEY, FRANZO H. CRAWFORD, and KENNETH GORDON. 


TuE boiling points of saturated solutions of a large number of alkali salts were determined 
by Lord Berkeley and one of us by a modification of the Landsberger apparatus (Phil. 
Trans., 1904, 203, A, 189; Proc. Roy. Soc., 1911, 85, A, 477), and hence the osmotic 
pressures of these solutions were calculated by means of Porter’s well-known relation. 

Subsequently, Applebey and Hughes (J., 1915, 107, 1798) devised a static method of 
measurement by which the earlier results were substantially confirmed for the more 
soluble salts. The static method is capable of greater accuracy than the original method 
especially with very soluble salts, and at the same time allows determinations to be made 
over a range of temperatures and pressures which may be considerably extended by the 
use of subordinate manometers. The original series of determinations included the 
chlorides, nitrates, and sulphates of sodium, potassium, rubidium, and cesium, but no 
lithium salts were investigated. Determinations of the vapour pressures of lithium 
chloride and sulphate have now been made by the static method, and although the calcu- 
lation of osmotic pressure of the chloride solutions can only be a rough approximation 
owing to the high solubility of the salt, the measurements are thought to be of some interest. 
This communication also embraces determinations of solubility and density of saturated 
solutions carried out for the osmotic calculations but enabling the transition points of 
lithium chloride hydrates to be fixed with some degree of precision. 


EXPERIMENTAL. 


Purification of Materials.—Lithium sulphate obtained from Kahlbaum showed only traces 
of impurities, and was satisfactorily purified by three recrystallisations of the monohydrate 
from water, the crystals being separated from mother-liquor by centrifuging in a platinum 
basket. Since the solubility diminishes with rise of temperature, the salt was separated by 
evaporation of the solution at about 80° in a flask through which a current of filtered air was 
passed. : 

Three different samples of lithium chloride were used. Two, obtained from Kahlbaum and 
Harrington respectively, were almost free from soluble impurity and were used after three 
recrystallisations as the monohydrate. The third sample, obtained later from Harrington’s, 
contained, in addition to a small amount of insoluble matter, appreciable quantities of sulphate 
and nitrate. After three recrystallisations it gave no sign of a precipitate with barium chloride 
and only a very faint brown ring test for nitrate. A fourth batch of material was prepared from 
the mother-liquors by precipitation of the lithium with excess of ammonium carbonate, boiling 
the precipitated carbonate with three successive small portions of distilled water, igniting it to 
dispel the last traces of ammonium salts, dissolving it in hydrochloric acid, crystallising, and 
finally igniting it in air to remove hydrogen chloride. The salt so obtained was quite free 
from sulphate and nitrate, and showed only a faint spectroscopic indication of sodium. All 
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four preparations of the chloride gave results which were concordant in the physical measure- 
ments. 

Density and Solubility Measurements.—Densities and solubilities were determined in the 
borosilicate pipettes designed for this work, and already described by Miss Farrow (J., 1926, 
49). These (of capacity about 5 c.c. and stem-capacity 0-008 c.c. per division) are free 
from the inaccuracies which accompany the use of earlier forms. They were calibrated by 
means of redistilled mercury, the calibrated volumes showing in different experiments departures 
of only 0-0001 c.c. from the mean at 25°, and 0-0004 c.c. at 150°. Three pipettes on recalibration 
after 3 months’ use showed values agreeing to 0-0001 c.c. with the original values at 25°. 

The salt and solution were stirred together for periods varying from 12 to 24 hours before 
the pipette was introduced with the glass-wool filter attached. After a further 4 hours’ stirring, 
the solid was allowed to settle. Up to this point no solution enters the pipette. The rod 
stopper of the pipette is now cautiously loosened, and the solution, freed from solid particles by 
the filter, enters the pipette. If necessary, a slight positive pressure can be applied to the 
solution in order to make it enter. When the pipette is filled to some position on the graduated 
stem, the rod stopper is thrust home, and the filter removed by a wire loop while the pipette is 
stillimmersed. The pipette is then removed, quickly wiped, closed with the cap, then thoroughly 
cleaned on the outside and prepared for weighing in the usual manner. Only at the lower 
temperatures was any difficulty experienced with air bubbles; chloride solutions at 25° are 
very viscous and this circumstance appears to favour entrainment of air bubbles contained in 
the glass-wool filter. The difficulty was overcome at these temperatures by first saturating the 
filter with solution by suction just before it was attached to the pipette. After weighing, 
the contents of the pipette are carefully washed out, and the content of solute determined; 
lithium sulphate was directly weighed after evaporation and ignition in a current of purified 
air; chloride was determined by titration with silver nitrate. At least three determinations 
were made at each temperature, and in general the density results obtained are concordant to 
+ 0-0005, the solubilities to 0-05 unit. 

Vapour-pressure measurements were made by the static method of Applebey and Hughes 
(loc. cit.), an auxiliary manometer outside the thermostat enabling the determinations with the 
chloride to be carried out over a wide range of temperature. At temperatures below 100°, 
direct-reading manometers were used, the vacuous arm being exhausted by a Sprengel pump. 
The sulphate results were also supplemented by differential-tensimeter measurements, in order 
to extend the range. The tensimeters, which contained pure water in the compensation bulb, 
were filled in the same manner and with the same precautions as the Applebey and Hughes 
apparatus. 

The phenomenon noticed by Applebey and Hughes with sodium sulphate was repeated in 
the tensimeters containing lithium sulphate: the surface of the glass in the solution bulb was 
slowly attacked, and in some experiments became detached in flakes. Analysis showed that 
no appreciable impurity of a soluble kind was added to the solution from this cause. 

Temperature control in the baths filled with medicinal paraffin was secured by a thermo- 
statically controlled lamp, the heat effect of which supplemented the current through a main 
heater of nichrome ribbon. Constancy of temperature to + 0-03° was obtained for several 
hours before each measurement. Temperatures were read on Anschiitz thermometers 
standardised on the air scale by the N.P.L., and are accurate to 0-05°. 

In Table I are given the density and solubility (S; g./100 g. of solution) for the two salts; 
Table II contains the vapour pressure of the saturated solutions, expressed in mm. of mercury at 
0°, T denoting the absolute temperature. 


TABLE I. 


Densities and Solubilities. 
(a) Lithium chloride. 

t. D¢. Ss. t. Die. S. t. Di. S. t. Di. Ss. 
1:05° 1:2678 40°90 24°15° 1:2962 45°47 80°85° 1:3312 52°94 120°2° 1344 56°9 
10°05 1:2789 42-71 40°05 1:3034 47°09 89°55 1°3418 54°82 140°3. 1:339 57°6 
15°70 1:2875 44°06 50°20 1:3080 48°23 95°15 1°3471 55°83 155°6 1338 583 
18°25 1:2926 4486 64:95 13173 50°26 1002 1347 563 
(b) Lithium sulphate. 
1-179 23°5 102°5 
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TABLE IT. 


















Vapour Pressures of Saturated Solutions. 
(a) Lithium chloride. 





t. 10¢/T. =p. log p. & 10/7. p. log p. t. 10°/T. =p. log p. 
60°45° 3000 14:9 1:173 91:00° 2747 53°5 =1°728 130°20° 2480 242-7 2-385 
61°35 2991 15°9 1:201 95°25 2716 62:2 1:°794 140°05 2421 334°4 2-524 
70°00 2915 266 1°425 100°30 2679 783 1-894 150°15 2363 4463 2-650 
70°45 2912 262 1:418 99°95 2681 80:0 1-903 160°30 2308 615°4 2°789 
80°15 2832 37:9 1:579 109°75 2613 1156 2-063 170°20 2256 799°0 2-902 
85:15 2792 460 1°663 119°85 2545 173°9 2-240 180°20 2207 1035°8 3:015 
90°10 2754 51:2 1:°709 

(b) Lithium sulphate. 
25°30 3352 20°85 1:319 69°40 2921 19773 2-295 100710 2680 676°4 2-830 
30°65 3293 285 1°455 84:30 2799 349°9 2°544 10525 2644 799°0 2-902 
45°65 3138 645 1°810 89°65 2757 4580 2-661 110°35 2609 945:7 2-976 
60°15 3002 1296 2-113 99°50 2685 657°7 2°812 


The values of the solubility and density of lithium chloride are represented in Figs. 1 and 2, 
and the vapour-pressure results are given in the form of graphs of log p against 10*/T in 
Fig. 3. 
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DISCUSSION OF RESULTs. 


Solubility —The solubility of lithium chloride has been determined by Friend and Colley 
(J., 1931, 3148; which see for record of earlier workers’ results) over the range 0—88°, 
and by Benrath (Z. anorg. Chem., 1932, 205, 417) from 0° to 99-5°. These two sets of observ- 
ations are plotted for comparison with our own measurements in Figs. 1 and 2. The 
values given by Benrath appear to be somewhat irregular; five of his points lie in close 
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agreement with our curve, two are well above, and two below. There are also two rather 
widely differing values at 0°. His paper contains no experimental details of the measure- 
ments. The curve of Friend and Colley’s determinations is more regular. It agrees 
closely with our measurements below 15°, but above that temperature it diverges somewhat 
widely and shows results nearly a whole unit higher than ours. Friend and Colley deter- 
mined the content of their solutions by evaporation and weighing the solid residue, whereas 
we employed a carefully standardised silver titration procedure by the chromate method, 
working always at night and with the use of tinted yellow goggles which made the results 
more precise. We also checked our method by titrating a solution made up from lithium 
chloride which had been evaporated to dryness in a dry air stream (LiCl taken, 2-4956 g. ; 
found by titration, 2-504 g.). The difficulty of dehydrating a very deliquescent salt such 
as lithium chloride without decomposition is well known, and we consider it likely that the 
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discrepancy between our results is probably to be so explained. We are confirmed in this 
opinion by the evidence which can be adduced from the determinations of the densities of 
unsaturated solutions by the authors whose results are collected in Table III. These 
determinations have been made with great care and give density-concentration curves 
which are nearly linear and, in most cases, only need short extrapolation to reach the 
conditions of saturation. The concentrations corresponding to the densities of the satur- 
ated solutions determined by us thus give the solubilities with a considerable degree of 
precision. Where the conditions for accurate extrapolation are favourable, the results 
obtained agree closely with our experimental values. 

Density.—The determination of the density of solid lithium chloride by Haigh (J. Amer. 
Chem. Soc., 1912, 34, 1142) enables calculation to be made for the volume change on solution 
at 20°. In the saturated solution this amounts to an expansion of 0-42 c.c. per mol. of 
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TABLE III. 
Solubility. 
% Satn. No. of = A he 
of highest obsns. above Extra- Deter- 
Observer. Temp. point. 70% satn. Density. polated. mined. 
Kohlrausch and Tollingen ! 18° 91 1 1-2920 44°71 44°72 
Green and Masson 2 18 94 + 1-2920 44°67 44°72 
25 94 4 1-2966 45°45 45°56 
Baxter and Wallace ® 0 63 0 12667 41-0 40°65 
25 99°7 1 1-2966 45°83 45°56 
50 94 1 1:3079 48°25 48:20 
70°2 50 0 1°3216 51:3 51°15 
100 71 1 1-3468 56°0 56°15 
1 Wied. Ann., 1879, 6, 38. 2 J., 1908, 938, 2023. 3 J. Amer. Chem. Soc., 1916, 38, 80. 
Fic. 3. 
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dissolved salt, a result in very good agreement with the value 0-435 c.c. obtained by 
Lamb and Lees (ibid., 1913, 35, 1686) for the most concentrated solution investigated 
(approximately 90% saturated). The absence of reliable data for the density of the solid 
at higher temperatures makes accurate calculation impossible, but if it be assumed that the 
coefficient of expansion derived from the measurements of Henglein (Z. physikal. Chem., 
1925, 117, 286) remains valid for temperatures up to 160°, the following expansions can be 
calculated for the range of saturated solutions investigated by us : 

b sccccudnceapetandsdivesscteckicexeus 20° 40° 60° 80° 100° 120° 140° 160° 

Ap, CRAM, xccccvsrscccesicrves 0°42 0°52 0°62 0°72 0°88 0°71 0°47 0°34 
These data, which are given with reserve, appear to show that, as the saturated solutions 
become more concentrated with increase of temperature, the expansion on solution of a 
mol. steadily increases; after the upper transition point at 94° is passed, however, the 
expansion shows a rapid falling off. 

Transition Points—For the dihydrate and the monohydrate of lithium chloride, the 
solubility curves intersect at 19-0°, and the density curves at 19-2°, from which we obtain 
a final value of 19-1° with a probable error of + 0-25°. This is confirmed by cooling curves 
5R 
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obtained with pure specimens of the salt ; two such determinations gave 19-01° and 19-28°. 
Determinations of this temperature by earlier investigators are as follows : 
{ 12°5°: Bogorodsky (based on Kremers’s determinations) (J. 


Russ. Phys. Chem. Soc., 1893, 25, 316). 
lise : Friend and Colley (loc. cit.). 


From cooling curves or temperatures of {20° : Bogorodsky (J. Russ. Phys. Chem. Soc., 1894, 26, 209). 


From solubility measurements 


continued coexistence with saturated { 20° (approx.) : Benrath (Joc. cit.). 
solution. 

The early work of Bogorodsky is discordant. The two modern determinations differ 
by a degree on either side of our measurements. 

The upper transition temperature between the monohydrate and anhydrous salt is 
given with a fair degree of concordance by the solubility, density, and vapour-pressure 
curves, as 94-1°, 93-5°, and 93-4°, respectively. The most probable value is considered to 
be 93-5° + 0-5°. The only previous value for this constant is 98° derived by Bogorodsky 
(loc. cit.) from Kremers’s inaccurate solubility values. Our result is confirmed by cooling 
curves, which gave a very definite halt at 93°. 

Vapour Pressure.—The logarithm of the vapour pressure of saturated solutions of lithium 
sulphate is within the error of experiment a linear function of the reciprocal of the temper- 
ature, and is given by the equation log # = — 2230/T + 8-794, or log, 6 = — 5135/T + 
20-25. The b. p. of the unsaturated solution at 760 mm. is 103-8°, and the temperature 
coefficient of the vapour pressure at this temperature is 27-49 mm./°C. From these data 
and the appropriate volumes, by the Clausius—Clapeyron equation, the heat of evaporation 
of 1 mol. of water from the saturated solution is 9981 cals. Subtracting 9590 cals. for the 
latent heat of 1 mol. of water vapour and 100 cals. for the external work in expansion of 
1 mol. of water from its vapour pressure at the b. p. of the solution to 1 atm., we have 291 
cals. evolved in the saturation of 1 mol. of water with monohydrate. Converting to 1 mol. 
of the monohydrate, we find its heat of solution to be — 5500 cals., which may be compared 
with Thomsen’s value of — 3410 cals. in dilute solution. 

For lithium chloride, our values for the vapour pressures are in fair agreement with 
those of Hiittig and Renscher (Z. anorg. Chem., 1924, 187, 159), where these fall in the 
range of temperature covered by our experiments. With this salt, the logarithmic vapour- 
pressure curve is linear only at the higher temperatures (above 120°) where it follows the 
equation log = — 2293/T + 8-075 or log, # = — 5280/T + 18-60. By the same method 
as above, we have: b. p. of saturated solution, 168-6°; temperature coefficient of the 
vapour pressure at 168-6°, 20-58 mm./°C.; heat of vaporisation of solution, 10,400 cals. 
for 18 g. of water. Latent heat of water at 168-6°, 8835 cals.; external-work term (calcu- 
lated), 1775 cals.; whence 210 cals. are absorbed in the saturation of 1 mol. of water with 
the salt, and heat of solution of 1 mol. of the salt in its saturated solution = 350 cals. ; 
the result is correct in sign but has no claim to accuracy owing to the uncertainty of the 
volume and heat data for water at so high a temperature. 

Tangents drawn to the vapour-pressure curves at the transition point similarly give the 
latent heat of evaporation of 1 mol. of water as 11,950 and 6500 cals. sespectively for 
separation of anhydrous salt and monohydrate. From these values the heat of hydration 
may be approximately calculated as LiCl + H,O —~» LiCl,H,O + 4950 cals. The differ- 
ence in the heats of solution of the anhydrous salt (Thomsen) and monohydrate (Bogorodsky, 
loc. cit.) in dilute solution is 4323 cals. 

Osmotic Pressures—Calculation of the osmotic pressures by the Porter equation 
(cf. Lord Berkeley and Applebey, /oc. cit.) gives for a saturated solution of lithium sulphate 
at the b. p. under normal pressure a value of 212-9 atm., or, since the molar concentration is 
2-51 mols./litre, a pressure of 84-8 atm. per mol. per litre, which may be compared with 
other sulphates, for which the results are collected in the following table, P being the 
osmotic pressure (in atm.) and c the concentration (in mols./l.). 


Salt. B. p. & P. Pie. Salt. B. p. c. P. Pic. 
Li,SO, ...... 103°8° 2°51 212-9 84°8 Cs,SO, ...... 109°96° 4-01 545°4 =135°8 
Na,SO,...... 10285 260 1622 625 TEIN sscsees 10032 0347 804178 = 513 
) + ae 101-39 1°25 79°4 63-2 Cs alum...... 100°53 =: 0°300 21-2 70°1 

juve 103°51 2-50 197-0 78°6 
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It is interesting to note that the lithium salt, whose solubility happens to be quite near 
those of the sodium and rubidium salts, gives a much higher value for P/c, which is in accord- 
ance with other observations indicating a higher osmotic activity for the lithium ion, 
probably owing to hydration. 

Similar calculation for the chloride can only be regarded as giving the order of the 
osmotic pressure, since it involves the assumption that the compressibility of water remains 
unchanged when it is subjected to negative pressures far higher than it could possibly 
withstand. Such a calculation gives for the osmotic pressure at the b. p. 3050 atm., or, 
since the solubility is 18-50 mols./l., a pressure of 165 atm. per mol. per litre. These 
figures are very much higher than the values for any other salt investigated. Comparison 
of alkali chlorides is made in the following table. 


Salt. B. p. c. P. Pie. Salt. B. p. ¢. P. Ple. 
I iain 168°6° 1850 3050 165 AES 113°51° 7:95 «743-2935 
Wal? ...2..... 108-67 565 4768 84-4 TU ncesensne 11992 921 10550 1145 
aes 108-60 598 4733 791 TO pon cea 100-097 0-097 55 «57-0 


The numbers in the last column chiefly show the rapid increase of P/c with molecular 
concentration ; with lithium chloride this is so great as to cover any minor effect such as is 
shown by the sodium and potassium salts, where the approximate agreement in solubility 
enables the higher osmotic activity of sodium to show itself. 


St. JoHn’s COLLEGE, OxForD. [Received, September 1st, 1934.] 





365. The Preparation and Kationoid Reactivity of Dichlorodinitromethane. 
By Eric DowninG and WILFRED B. Orr. 


METHODS for the preparation of dichlorodinitromethane from naphthalene tetrachloride 
(Marignac, Ann. Chim. Phys., 1853, 38, 16; Raschig, Ber., 1885, 18, 3328) and from the 
potassium salt of chlorodinitromethane (Losanitsch, Ber., 1884, 17, 849) have been recorded. 
The alternative mode of preparation now described, by distillation of 2 : 4 : 6-trichloro- 
aniline with nitric acid, presents advantages in yield and in accessibility of the initial 
material, which can be obtained from aniline in good yield by the method of Chattaway 
and Irving (J., 1933, 42). The method is parallel to that of Losanitsch for dibromo- 
dinitromethane (Ber., 1882, 15, 472). 

The course of the reaction between dichlorodinitromethane and hydrazine hydrate is 
consistent with the observations and interpretations of previous workers in respect of 
other aliphatic halogen-substituted polynitro-compounds. Dibromodinitromethane is 
reduced by hydrazine in alkaline solution, one bromine atom being removed in the cold 
to yield a salt of bromodinitromethane, and the second bromine atom is removed at higher 
temperatures (Macbeth and Pratt, J., 1921, 119, 1356); the lability of the halogen is 
attributed to an inductive effect originating at the two nitro-groups (Henderson and 
Macbeth, J., 1922, 121, 892). Since similar considerations obtain in the case of the dichloro- 
compound, a parallel reaction was anticipated. It has been pointed out, however, that in 
analogous bromo- and chloro-compounds in which the halogen atoms are endowed with 
an induced positive nature the halogen in the bronfo-compound, in virtue of its inherently 
less electronegative nature, is rendered effectively more electropositive than that in the 
chloro-compound; thus, for example, hydrazine removes one halogen atom from cyclo- 
hexanespiro-4 : 4-dibromocyclohexane-3 : 5-dione, while the corresponding dichloro-com- 
pound is unattacked (Macbeth, J., 1922, 121, 1116). It was therefore expected that the 
reduction of dichlorodinitromethane by hydrazine would proceed more slowly than that 
of dibromodinitromethane; complete extinction of the induced positive nature of the 
halogen, however, appeared improbable, since chloropicrin, in which the conditions are 
still less favourable to the manifestation of a kationoid character, slowly oxidises hydrazine 
in alkaline solution (Macbeth and Pratt, doc. cit.). 

The reduction has been found to take place in accordance with these predictions. A 
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further point of interest is that the reduction by alkaline solutions of hydrazine in the cold 
is arrested after the elimination of one chlorine atom, thus, 
2CCI,(NO,), + N,H, = 2CHCI(NO,), + N, + 2HCI 

whereas in the absence of excess alkali reduction continues slowly beyond this stage. 
This further reaction, by analogy with the reduction of dibromodinitromethane at high 
temperatures, is probably the slow removal of the second halogen atom, and its inhibition 
by alkali may be attributed to the formation of the aci-salt of chlorodinitromethane and 
the consequent removal of the inductive influence of one normal nitro-group. 


Preparation of Dichlorodinitromethane.—2 : 4: 6-Trichloroaniline (23 g.) was treated with 
nitric acid (200 c.c.; d@ 1-42), and the mixture gently heated for a short time and then distilled. 
Dichlorodinitromethane separated from the distillate as an oil, and was purified by repeated 
distillation in steam and dried over calcium chloride (Found: Cl, 41-0. Calc.: Cl, 40-5%). 
Analysis of an incompletely purified sample of the oil (Cl, 42-7%) suggested the presence of a 
highly chlorinated impurity in the crude product. Yield, 10 g. 

Reduction with Hydrazine.—A 10% solution of hydrazine hydrate was prepared by dissolving 
40-6 g. of the sulphate in water, adding 25 g. of sodium hydroxide (1 equiv.), and diluting the 
filtered solution to 100c.c. 5 C.c. of a 0-4M-solution of dichlorodinitromethane in alcohol were 
introduced into a Lunge nitrometer, and 5 c.c. of the hydrazine solution added. A steady 
evolution of nitrogen commenced; 3-1, 8-02, and 12-7 c.c. (at N.T.P.) were liberated in 1, 3, 
and 7 minutes respectively, and the reaction proceeded thereafter with diminishing velocity. 
The reduction of 0-002 g.-mol. of dichloro- to monochloro-dinitromethane requires the liberation 
of 22-4 c.c. of nitrogen at N.T.P. This amount was eventually exceeded, indicating further 
reduction of monochlorodinitromethane; it was therefore not possible to assign experimentally 
a precise time for the completion of the main reaction. The second stage was, however, very 
slow; after 1 week the volume of nitrogen liberated was 26-3 c.c., of which 3-9 c.c. are attri- 
butable to the consecutive reaction. Its influence on the early measurements will therefore 
be negligible, so that for purposes of comparison the main reaction may be regarded as being 
13-8%, 35-8%, and 56-7% completed in 1, 3, and 7 minutes respectively. 

Dibromodinitromethane was reduced under identical conditions, 24-4, 34-5, 35-9, and 
39-5 c.c. (at N.T.P.) of nitrogen being liberated in 1, 36, 68, and 170 minutes respectively. 
The removal of the first bromine atom being assumed to be rapid relative to the ensuing reduction 
of monobromodinitromethane, the former reaction is completed in 1 minute, and the second 
stage proceeds much more rapidly than in the case of the chloro-compound. In several trials 
the volume of nitrogen liberated on completion of the reaction approximated to the calculated 
amount for reduction to dinitromethane (44-8 c.c.), though at the ordinary temperature this 
amount was never quite fully realised. 

The reductions were repeated under similar conditions with a 10% hydrazine solution con- 
taining excess of alkali (from N,H,,H,SO, + 3 equivs. NaOH). 0-002 G.-mol. of dichloro- 
dinitromethane liberated 20-6 c.c. of nitrogen at N.T.P. in 45 minutes (92% of the theoretical 
quantity for reduction to the monochloro-compound). 0-002 G.-mol. of dibromodinitro- 
methane liberated 22-0 c.c. of nitrogen at N.T.P. almost instantaneously (98-2% of theoretical 
for reduction to monobromodinitromethane). No further increase in the volume of liberated 
nitrogen was observed on prolonged standing. 

[Received, June 15th, 1934.) 
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366. The Dicarbazyls. Part VI. Synthesis of 1: 1'-Dicarbazyl. 
By (Miss) HELEN G. Duntop, T. F. Macrakg, and S. Horwoop Tucker. 


THE synthesis of 1:1’-dicarbazyl from compounds of the type (I) has been 
attempted with three compounds: (a) X = H; (b) X = NO,; (c) X=CN. Synthesis 
from (a), i.e., from 2 : 2’-di-o-nitrophenylaminodiphenyl, has been described (Macrae and 
Tucker, J., 1933, 1520). Since this initial material was difficult to obtain, attempts from 
(b) and (c) were made. That from (c) (I; X = CN) was eventually successful, 2 : 2’-di- 
(2’’-nitro-4''-cyanophenylamino)diphenyl having been hydrolysed to the corresponding 
carboxylic acid, which by decarboxylation gave 2 : 2’-di-o-nitrophenylaminodiphenyl (I; 
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X =H), from which, as mentioned above, 1:1’-dicarbazyl has been synthesised. 
Similarly 2 : 2’-di-(2’’-amino-4''-cyanophenylamino)diphenyl gave the corresponding carb- 


NO 
- (RA) (OKO) - 
2 


oxylic acid, which was decarboxylated to give 2 :-2’-di-o-aminophenylaminodiphenyl, the 
intermediate amine in the synthesis of 1 : 1’-dicarbazyl. 

Impracticable routes from (c), the cyano-compound, to this end are described in the 
experimental part of this paper. 

Synthesis from (b) (I; X = NO,), 7.e., from 2 : 2’-di-(2” : 4"-dinitrophenylamino)di- 
phenyl, by the well-known Graebe-Ullmann method, failed, since reduction of 2 : 2’-di- 
(5’'-mitro-1" : 2” : 3’’-benztriazolyl)diphenyl (II) gave unworkable products. 

In the course of the synthesis of 1: 1'-dicarbazyl from 2 : 2’-di-(2’’-nitro-4’-cyano- 
phenylamino)diphenyl, it was found that hydrolysis of this compound to the corresponding 
carboxy-compound was difficult, as was also hydrolysis of 2 : 2’-di-(5’’-cyano-1" : 2" : 3’’- 
benztriazolyl)diphenyl ; but hydrolysis of 2 : 2’-di-(2’’-amino-4’"-cyanophenylamino)diphenyl 
proceeded easily. 

Brewin and Turner (J., 1928, 332) find that 4-chloro-3-nitrobenzonitrile and 1-chloro- 
2 : 4-dinitrobenzene have practically equal reactivity towards piperidine. We find that the 
former (cyano) compound is less reactive than the latter (nitro) towards 2 : 2’-diaminodi- 
phenyl, for 2 : 2’-di-(2” : 4’’-dinitrophenylamino)diphenyl is obtained by heating 2 : 2’-di- 
aminodipheny] with 1-chloro-2 : 4-dinitrobenzene, etc., at 140°, whereas for the preparation 
of 2: 2’-di-(2’’-nitro-4’’-cyanophenylamino)diphenyl from the diamine and 4-chloro-3- 
nitrobenzonitrile a temperature of 150—180° is necessary. At 150°, only the “ half- 
condensation ” product, 2-(2’’-nitro-4'’-cyanophenylamino)-2'-aminodiphenyl, is obtainable. 
The inability of Brewin and Turner (loc. cit.) to distinguish a difference between 1-chloro- 
2 : 4-dinitrobenzene and 4-chloro-3-nitrobenzonitrile in reactivity towards piperidine may 
be due to that difference being imperceptible in a very rapid reaction. In the reaction with 
2: 2’-diaminodiphenyl, mentioned above, these two chloro-compounds react relatively 
slowly, even at elevated temperatures; and the fact that the minimum temperature at 
which reaction takes place is different for the two shows that a difference in reactivity exists. 

Comparison of reactivities of halogen derivatives of benzene is complicated by the fact 
that the reagent acted upon has a considerable influence on the reaction (Davies, Storrie, and 
Tucker, J., 1931, 625). 

Dey and Doraiswami (J. Indian Chem. Soc., 1933, 10, 309) have shown that when 1- 
chloro-2 : 4-dinitrobenzene, 2-chloro-5-nitrobenzonitrile, and 2-chloro-5-nitrobenzoic acid 
are compared, not only are NO, and CN of unequal activating effect (on Cl), but the relative 
values of influence of NO,, CN, and CO,H depend on the type of compound acted upon. 
Hence the comparison we have made above is only intended to emphasise the difficulty of 
drawing deductions with regard to relative reactivities after consideration of reaction with 
only one other type of reactant. 

For the nitration of #-chlorobenzonitrile the density of the nitric acid used is of funda- 
mental importance. Nitration with acid (cold) of density 1-51 gives a theoretical yield of 
4-chloro-3-nitrobenzonitrile; but attempts with 1-49 acid (boiling) give either unchanged 
p-chlorobenzonitrile (after boiling for 1 minute) or a mixture of it with p-chlorobenzoic acid 
(after boiling for 15 minutes). Hydrolysis is complete when p-chlorobenzonitrile is heated 
(15 minutes) with concentrated nitric acid (d 1-42). 

Although #-chlorobenzonitrile requires for nitration nitric acid of density 1-51, p-di- 
chlorobenzene and #-chlorobenzoic acid are nitrated by acid of density 1-48. Bearing in 
mind that in p-dichlorobenzene the chlorine atoms do not reinforce one another in directive 
effect, whilst in the other two compounds mentioned the groups present support one 
another, it is clear that, with regard to nitration in the benzene ring, the cyano-group has a 
weaker directing power than chlorine or carboxyl. The fact that it is difficult to compare 

















1674 Dunlop, Macrae, and Tucker : 


the m-directing capacities of the cyano-group and carboxyl gives considerable interest to 
this sharply defined difference in the action of nitric acid on the compounds mentioned. 

After we had, in the course of the above-described work, prepared 2 : 2’-di-(2” : 4’’-di- 
nitrophenylamino)diphenyl, Le Févre (J., 1929, 733) described the preparation of this com- 
pound. We disagree in several points : we find that the compound crystallises in brick-red 
prisms, m. p. 233—236° (238—241°, corr.). The substances described by Le Févre as 
melting at 177—178° [considered by him to be 2: 2’-di-(2” : 4’’-dinitrophenylamino)di- 
phenyl] and 216—217° (considered by him to be N-2’: 4’-dinitrophenylcarbazole) are 
probably the substances prepared by us, vzz., the salicylidene derivative of 2-(2” : 4’’-dinitro- 
phenylamino)-2'-aminodiphenyl (m. p. 178—179-5°) and 2: 2’-di-(2” : 4’’-dinitrophenyl- 
amino)diphenyl (m.p. 233—236°), respectively. We have prepared N-2’ : 4’-dinitrophenyl- 
carbazole from carbazole and 1-chloro-2 : 4-dinitrobenzene, and find for it m. p. 188—190°. 

We cannot agree with Le Févre (loc. cit., p. 735) that “‘ complete absence of steric hind- 
rance during NN’-disubstitution ” is proved; for although, according to his statement, 
“with the appropriate reagents, disalicylidene, dibenzoyl, diacetyl, and diformyl deriv- 
atives are formed exclusively,” this exclusive formation of NN’-di-derivatives does not take 
place when the reagent is o-chloronitrobenzene, 1-chloro-2 : 4-dinitrobenzene, or 4-chloro- 
3-nitrocyanobenzene ; since these give rise to N-monosubstituted and, under slightly more 
vigorous conditions, the NN’-disubstituted derivatives. Again, by heating 2-o0-nitro- 
phenylamino-2’-aminodiphenyl with o-chloronitrobenzene, only a small yield of 2: 2’- 
di-(o-nitrophenylamino)diphenyl was produced (Macrae and Tucker, Joc. cit., p. 1522). 
[The supposition that in this reaction the initial product was removed from the reaction by 
decomposition to 9-o-nitrophenylcarbazole is rendered improbable after consideration of the 
fact that the hydrochloride of 2-0-nitrophenylamino-2’-aminodipheny] on heating gives back 
unchanged amine and no carbazole derivative (ibid.).] 

These examples indicate that there may be a weak steric effect; but that any steric 
effect is often negligible in comparison with the polar effect is shown by the following facts : 
Acetylation and ethylation of diphenylamine, o-nitrodiphenylamine, and of 2 : 4-dinitro- 
diphenylamine are increasingly difficult in this order, i.e., as nitro-groups are introduced. 
Similarly 2 : 2’-di-o-nitrophenylaminodiphenyl can be acetylated (Macrae and Tucker, 
loc. cit.), but 2: 2’-di-(2’ : 4”-dinitrophenylamino)diphenyl cannot, under the same 
conditions. These effects are polar. 

Again, comparison of the ease of acetylation of o-nitrodiphenylamine and of 2 : 2’-di- 
(o-nitrophenylamino)dipheny] does not indicate that there is any appreciable steric hindrance 
to formation of the NN’-diacetyl derivative of the latter (diphenyl compound). On the 
other hand, comparison of the reactivity of 2 : 4-dinitrodiphenylamine (which can be acetyl- 
ated) and of 2: 2’-di-(2” : 4’-dinitrophenylamino)diphenyl (which cannot be acetylated) 
forces one to the conclusion that the inhibition of acetylation of the diphenyl derivative may 
be due to steric hindrance. 

EXPERIMENTAL. 

Aitempts to synthesise 1: 1'-Dicarbazyl—Method A. From 2: 2'-di-(2" : 4''-dinitrophenyl- 
amino)diphenyl. 2: 2'-Diaminodiphenyl (Macrae and Tucker, Joc. cit., p. 1521) (20 g.), 1-chloro- 
2 : 4-dinitrobenzene (75 g.), and anhydrous potassium carbonate (30 g.) were heated together, 
with vigorous stirring, in an oil-bath at 140° for 4 hours. Benzene (250 c.c.) was added to the 
hot melt, and when cool the insoluble portion was collected and washed with benzene (to remove 
1-chloro-2 : 4-dinitrobenzene) and water. 2: 2’-Di-(2” : 4’-dinitrophenylamino)diphenyl crystal- 
lised at first from acetic anhydride or pyridine in brick-red crystals, m. p. 233—236° (238—241° 
corr.) (45 g.; yield 80%) (Found: C, 55-7; H, 3-0; N, 16-3. C,,H,,O,N, requires C, 55-8; 
H, 3-1; N, 16-3%), but afterwards, especially from cold dilute solutions, acetic anhydride gave 
a mixture of red and yellow crystals, and pyridine, yellow crystals (loss at 150°, 13-5. 
C,,H,,0O,N,,C;H,N requires loss, 13-3%). Both yellow compounds gave the same brick-red 
form, m. p. 233—236°, on heating to remove solvent of crystallisation [cf. 2 : 2’-di-(2’-nitro- 

“.cyanophenylamino)diphenyl, p. 1676]. 

Repetition of Le Févre’s work (/oc. cit.) by heating the reactants at about 190° for 10 minutes 
(effervescence, not ‘“‘ boiling,”’ being observed) gave 2: 2’-di-(2” : 4’’-dinitrophenylamino)- 
diphenyl (60% yield). At higher temperatures the yield was reduced. When heating, as above, 
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was for 5 minutes, subsequent extraction with alcohol gave much unchanged 1-chloro-2 : 4-di- 
nitrobenzene, the remainder being removed by extraction with cold benzene. The residue was 
crystallised from amyl alcohol, and washed with or crystallised from much ethyl alcohol, giving 
2-(2" : 4’’-dinitrophenylamino)-2'-aminodiphenyl in iridescent orange leaflets, m. p. 166—168° 
(168—170° corr.) after slight softening at 162° (1 g.; yield, 10%) (Found: C, 61-8; H, 4-2; 
N, 15-7. C,gH,,0,N, requires C, 61-7; H, 4-0; N, 16-0%). A better yield of the compound was 
obtained when a mixture of 2 : 2’-diaminodiphenyl (2 g.), 1-chloro-2 : 4-dinitrobenzene (2-5 g., 
i.e., only slight excess), and potassium carbonate (3 g.) in xylene (25 c.c.) was boiled for 1 hour. 
Xylene was removed, and the residue washed with water, dried, and crystallised twice from amyl 
alcohol to give the above compound (1-5 g.; yield, 38%). An experiment in which alcohol was 
used in place of xylene gave the desired compound, but chiefly 2 : 4-dinitrophenetole by a re- 
action which is found to be generally applicable and will be developed later. 

Salicylidene derivative of 2-(2" : 4''-dinitrophenylamino)-2'-aminodiphenyl. The amine was 
heated with salicylaldehyde, and the product crystallised from alcohol, in which it was soluble 
with difficulty. Recrystallised from acetone, it formed orange-coloured prisms of 2-(2’’ : 4’’-di- 
nitrophenylamino)-2'-salicylideneaminodiphenyl, m. p. 178—179-5°e(181—182-5° corr.) (Found : 
C, 66-1; H, 4:0; N, 12-1; M, Rast’s method, 448. C,,H,,0,N, requires C, 66-1; H, 4:0; N, 
12-3%; M, 454). It is practically insoluble in cold sodium hydroxide solution, but dissolves 
slightly on warming to give a reddish solution : this coloration is not due to solution of salicyl- 
aldehyde obtained by hydrolysis, since the latter dissolves in alkali to give a yellow solution. 

N-2’ : 4'-Dinitrophenylcarbazole. A mixture of carbazole (20 g.), 1-chloro-2 : 4-dinitro- 
benzene (52 g.), and anhydrous potassium carbonate (20 g.) was heated in an oil-bath at 170— 
180° for 12 hours with frequent shaking and was then extracted with glacial acetic acid 
(150 c.c., charcoal). The product which crystallised therefrom contained carbazole. Crystal- 
lisation from xylene, in which the carbazole remained dissolved, gave orange-brown crystals 
(powdered, yellow), m. p. 188—190°, of N-2’ : 4-dinitrophenylcarbazole. Yield, 50% (Found: C, 
64-6; H, 3-3; N, 12-5. C,,H,,O,N, requires C, 64-9; H, 3-3; N, 12-6%). It is sparingly 
soluble in alcohol. 

2 : 2’-Di-(2"-amino-4"'-nitrophenylamino) diphenyl. 2 : 2’-Di-(2” : 4’’-dinitrophenylamino)- 
diphenyl] (30 g.) was powdered and added to a mixture of rectified spirits (150 c.c.) and ammonia 
solution (d 0-88, 50 c.c.); the mixture was saturated with hydrogen sulphide, then heated on the 
water-bath for 15 minutes, again saturated with hydrogen sulphide, and reheated. Finally, a 
dark red solid separated. The intermittent passing of hydrogen sulphide and heating was 
repeated six times; the contents of the flask were then poured into water. The solid was col- 
lected, and the amine extracted as the hydrochloride by repeated treatment with 10% hydro- 
chloric acid. Ammonia solution precipitated therefrom 2 : 2’-di-(4''-nitro-2"-aminophenyl- 
amino)diphenyl. It crystallised from benzene in small, bright red crystals, m. p. 126° (12 g.; 
yield, 45%) (Found: N, 18-5. C,,H.,.O,N, requires N, 18-4%). 

2 : 2’-Di-(5"-nitro-1" : 2” : 3’-benztriazolyl)diphenyl. 2 : 2’-Di-(4’’-nitro-2’’-aminopheny]l- 
amino)diphenyl (10 g.) was dissolved in glacial acetic acid (50 c.c.), coarsely powdered sodium 
nitrite (3 g.) added, and the whole heated to boiling. The product obtained on pouring into 
water separated from methyl alcohol (solubility 1%), or from other solvents, as an amorphous, 
yellow powder, m. p. about 140° (9-5 g.; yield, 90%) (Found: N, 23-1. C,4H,,0O,N, requires N, 
23-4%). It exploded when heated on a spatula. 

Method B. From 2: 2'-di-(2'-nitro-4''-cyanophenylamino)diphenyl. The difficulty en- 
countered in method A was essentially the removal of the nitro-groups. This necessity was 
obviated by the use of 4-chloro-3-nitrobenzonitrile, which was found to be nearly as reactive as 
1-chloro-2 : 4-dinitrobenzene (compare Brewin and Turner, Joc. cit.). It condenses with 2: 2’- 
diaminodiphenyl to give the expected two products, viz., 2-(2’’-nitro-4'’-cyanophenylamino)-2'- 
aminodiphenyl and 2 : 2’-di-(2'’-nitro-4''-cyanophenylamino)diphenyl. 

Synthesis of 4-chloro-3-nitrobenzonitrile. Claus and Stiebel’s method (Ber., 1887, 20, 1379) 
was unsatisfactory. 

Method I. -Chlorotoluene —-> -chlorobenzoic acid —-> 4-chloro-3-nitrobenzoic acid——> 
acid chloride —-> amide —-> 4-chloro-3-nitrobenzonitrile. 

p-Chlorotoluene (20 g.), glacial acetic acid (250 c.c.), and concentrated sulphuric acid (50 
c.c.) in water (50 c.c.) were boiled together and a solution of sodium dichromate (60 g.) in water 
(100 c.c.) was added during } hour with frequent shaking. The whole was then boiled for a 
further } hour. On cooling, pure p-chlorobenzoic acid, m.p. 238° (24g. ; yield, nearly theoretical), 
crystallised (compare Amnalen, 1866, 189, 336; Ber., 1875, 8, 880). A slight amount of oil was 
also obtained. 
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p-Chlorobenzoic acid (25 g.) was dissolved by warming in fuming nitric acid (100 c.c., d 1-50), 
and the mixture poured into water; the 4-chloro-3-nitrobenzoic acid obtained was crystallised 
from alcohol, m. p. 180—181° (yield, theoretical). 

4-Chloro-3-nitrobenzoic acid (50 g.) was treated with phosphorus pentachloride (58 g.), the 
phosphorus oxychloride removed under reduced pressure on the water-bath, dry carbon tetra- 
chloride (80 c.c.) added, and the whole poured into ammonia solution (300 c.c.; d 0-88). The 
acid amide (43 g.; yield, 87%) crystallised from water in small colourless needles, m. p. 153— 
154°, readily soluble in alcohol or benzene (Found: N, 14-1. C,;H,O,N,Cl requires N, 140%). 

4-Chloro-3-nitrobenzamide (50 g.) was heated at 170°, phosphoric oxide (75 g.) added with 
vigorous shaking, and the mixture heated for 1 hour. Water was added, then sodium carbonate 
solution, and after 12 hours the nitrile was collected and crystallised from alcohol, m.p. 101° 
(uncorr.) (37 g.; yield, 85%). 

Method II. Mattaar’s method (Rec. trav. chim., 1922, 41, 25), slightly modified, was much 
quicker. -Chloroaniline gave p-chlorobenzonitrile in 65—70% yield. The latter (10 g.) was 
added to nitric acid (50 c.c.; d 1-51). The solution was poured into water after 20 minutes, and 
pure 4-chloro-3-nitrobenzonitrile, m. p. 101°, obtained in theoretical yield (Mattaar gives 110°). 

Action of Nitric Acid on p-Chlorobenzonitrile.—(1) ‘‘ Commercial ’’ fuming nitric acid (d 1-50) 
contains nitrogen peroxide, and accordingly the density is misleading with regard to the per- 
centage of nitric acid present (Lunge and Rey, Z. angew. Chem., 1891, 165; Lunge and March- 
lewski, ibid., 1892, 10; Bousfield, J., 1919, 115, 48). The fuming nitric acid (d 1-51) used in the 
preparation of 4-chloro-3-nitrobenzonitrile (above) was prepared by distilling concentrated nitric 
acid (d 1-42) with concentrated sulphuric acid (1} vols.) : the faintly greenish-yellow distillate 
had d'* 1-513. The acid (d 1-505) obtained by heating sodium nitrate with concentrated sulphuric 
acid also effected nitration. Acid of d 1-500 (prepared by dilution of acid of d 1-51 with water or 
with concentrated nitric acid of d 1-42) gave incomplete nitration unless the reaction mixture was 
left over-night; a practically theoretical yield was then obtained. Nitric acid of d 1-49 (diluted 
1-51 acid) would not nitrate p-chlorobenzonitrile. 

Estimation of the percentages of nitric acid present in the solutions of d 1-49 and 1-51 by the 
method of Kolb (Ann. Chim. Phys., 1867, 10, 136) gave results in substantial agreement with 
those obtained by Lunge and Rey (loc. cit.). 

(2) p-Chlorobenzonitrile was kept over-night or boiled (1 min.) with nitric acid (d 1-49 or 
1-48) and then poured into water. Unchanged material was recovered. Longer boiling (15 
mins.) brought about partial hydrolysis but no nitration. Complete hydrolysis to p-chloro- 
benzoic acid was effected by boiling p-chlorobenzonitrile with concentrated nitric acid (d 1-42) 
for 15 minutes; pure p-chlorobenzoic acid (m. p. 236°; theoretical yield) separated from the hot 
solution. 

Hydrolysis of 4-Chloro-3-nitrobenzonitrile.—This was effected by boiling (15 mins.) the nitrile 
(1 g.) with concentrated nitric acid (10 c.c.; d 1-42). On cooling, 4-chloro-3-nitrobenzoic acid 
crystallised (yield, theoretical) (cf. Claus and Kurz, J. pr. Chem., 1888, 37, 197). 

Action of Nitric Acid on p-Dichlorobenzene and on p-Chlorobenzoic Acid.—The chloro-com- 
pound (10-7 g. of the former, or 11-4 g. of the latter) was added to nitric acid (50 c.c.; d 1-48), 
in the case of ~-chlorobenzoic acid with warming to bring about solution and complete reaction. 
After 20 minutes the solutions were poured into water and theoretical yields of 1 : 4-dichloro-2- 
nitrobenzene and 4-chloro-3-nitrobenzoic acid were obtained. Nitration of p-chlorobenzoic acid is 
complete in the cold if a greater quantity (75 c.c.) of nitric acid of higher density (e.g., 1-49) is used. 

Condensation of 2: 2'-Diaminodiphenyl with 4-Chloro-3-nitrobenzonitrile.—2 : 2'-Diaminodi- 

phenyl (10 g.), 4-chloro-3-nitrobenzonitrile (50—60 g.), and anhydrous potassium carbonate 
(15—20 g.) were heated to 160° in 1 hour, maintained thus for another hour, then heated to 
180° and maintained at this temperature for 2 hours. The mixture was finally heated at 185° 
for } hour. The dark red, solid mass was heated with water, the aqueous extract decanted, and 
the residue repeatedly heated with alcohol until a yellow powder was obtained. This was 
crystallised from anisole to give 2 : 2’-di-(2’’-nitro-4"’-cyanophenylamino) diphenyl, which separ- 
ated from warm concentrated solutions in scarlet cubes, orange when powdered, m. p. 243—248° 
(Found : C, 65-8; H, 3-4; N, 17-9. C,.H,,O,N, requires C, 65-8; H, 3-4; N, 17-6%). Yield, 
15 g. (58%). Crystals from cold, more dilute solutions were canary-yellow needles containing 
solvent of crystallisation, e.g., from anisole, acetic anhydride, pyridine (orange crystals; loss at 
100°, 14%; CzgH,,O,No,C;H,;N requires loss, 14-2%), nitrobenzene (loss at 100°, 23-2%; 
X,C,H "NO, requires loss, 20-5%), benzene (loss at 140°, 13%; X,C,H, requires loss, 14%). 

When the above condensation was carried out at 150°, or for several hours in xylene, the 
alcoholic extract (see above) gave a mixture of yellow crystals of 4-chloro-3-nitrobenzonitrile, 
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and brick-red plates. Hot ether removed the former; the residue (1-5 g.) after crystallisation 
from alcohol had m. p. 143° and consisted of 2-(2’’-nitro-4''-cyanophenylamino)-2'-aminodiphenyl 
(Found : C, 69-1; H, 4-4; N, 17-0. Cj H,,O,N, requires C, 69-1; H, 4-2; N, 17-0%), sparingly 
soluble in ether and soluble in dilute acids. Heated with 4-chloro-3-nitrobenzonitrile, it gave 
2 : 2'-di-(2’’-nitro-4’’-cyanophenylamino)diphenyl. 

Hydrolysis of 2 : 2'-Di-(2''-nitro-4"' -cyanophenylamino)diphenyl.—The above compound (2 g.), 
glacial acetic acid (4 c.c.), and concentrated hydrochloric acid (6 c.c.) were heated in a sealed 
tube during 2 hours to 200° and there maintained for 1—2 hours. The product was washed with 
water, and was either employed as such or crystallised by dissolving it in pyridine and adding half 
the volume of alcohol and then water to the hot solution until a precipitate formed. On cooling, 
orange-brown, iridescent leaflets of 2 : 2’-di-(2’'-nitro-4''-carboxyphenylamino)diphenyl separated, 
m. p. above 300°; it melted, over a free flame, with decomposition (Found: N, 11-1. C,.H,,0,N, 
requires N, 10-8%). It is soluble to deep red solutions in alkalis, insoluble in the usual solvents 
or in dioxan or methyl ethyl ketone, and slightly soluble in cyclohexanone or cyclohexanol. 

Hydrolysis of the above nitro-cyano-compound (5 g.) as effected with the correspond- 
ing amino-cyano-compound (see below) was incomplete (0-5 g. of nitrocarboxy-compound in 
4 hours). 

Hydrolysis of the nitro-cyano-compound could not be effected by boiling with dilute caustic 
soda solution (Sandmeyer, Ber., 1885, 18, 1494), but a peculiar decomposition ensued. The 
nitro-cyano-compound (1 g.) was heated at 160° with sodium hydroxide (2 g.) in alcohol (10 c.c.) 
ina sealed tube. The product was added to dilute hydrochloric acid, and the white solid which 
separated was collected and dissolved in alcohol; on cooling, a grey solid, m. p. above 300°, 
separated. The mother-liquor gave a substance which after recrystallisation from alcohol 
melted at 198° and was evidently 3-amino-4-hydroxybenzoic acid, probably obtained by 
fission of the diphenylamine group (with accompanying reduction) (Storrie and Tucker, J., 
1931, 2258). 

Attempts to effect hydrolysis by means of nitric acid gave a polynitro-compound, m. p. about 
225° (Found : N, 19-5%). Similarly, sulphuric acid solution (80%) was useless, since the product 
was sulphonated. 

Decarboxylation of 2: 2'-Di-(2''-nitro-4''-carboxyphenylamino)diphenyl to give 2: 2'-Di-o- 
nitrophenylaminodiphenyl.—The nitro-carboxy-compound (1 g.) was heated at 320° with copper— 
bronze (3 g.) in a long evacuated Pyrex tube. Red fumes were evolved; decomposition was 
complete in a few minutes. The product was extracted with acetone, the extract evaporated 
to dryness, and the crystalline residue recrystallised from ethyl acetate (or anisole), forming ruby- 
red rhombs, m. p. 188-5—189-5° (corr.), which were identical (mixed m. p.) with 2 : 2’-di-o-nitro- 
phenylaminodiphenyl (Macrae and Tucker, Joc. cit.). 

2 : 2'-Di-(2"-amino-4"'-cyanophenylamino)diphenyl_—The above nitro-compound (5 g.) was 
heated for 1 minute with a large excess of stannous chloride (25 g.) and glacial acetic acid satur- 
ated with hydrogen chloride (100 c.c.) (heating should not be prolonged). The pale greenish- 
brown solution was poured into cold concentrated sodium hydroxide solution and the precipitate 
was filtered from the hot solution, washed with alkali and water, dried, and extracted with 
boiling alcohol. Practically all dissolved, and from the solution large brown prisms (3-7 g.) 
were deposited, m. p. 120° (efferv.), and 190—194° after drying at 100°. Recrystallised from 
alcohol (charcoal), large colourless prisms (2-1 g.) of 2 : 2’-di-(2’’-amino-4"-cyanophenylamino)- 
diphenyl were obtained, m. p. 194—197° (Found: C, 75-2; H, 5-1; N, 20-0. C,,H,.N, requires 
C, 75:0; H, 4-8; N, 20-2%). 

Hydrolysis of 2: 2'-Di-(2’-amino-4''-cyanophenylamino)diphenyl to 2: 2'-Di-(2"'-amino-4"'- 
carboxyphenylamino)diphenyl.—The amino-cyano-compound (2-1 g.) was boiled for 1 hour with 
glacial acetic acid (20 c.c.) and concentrated hydrochloric acid (50 c.c.); more hydrochloric acid 
(50 c.c.) was then added, and boiling continued (1 hour) (hydrolysis is incomplete in } hour). 
The solution was evaporated to small bulk, water added, and then sodium hydroxide solution 
until no more precipitation took place (addition of excess of alkali gave complete solution). The 
white precipitate was removed, washed, and dried; it separated from nitrobenzene as a pale 
brown, crystalline powder (1-5 g.), softening at 265°, blackening at 275°, and melting with effer- 
vescence at 280° (Found : C, 68-9; H, 4-9; N, 12-4. C,,H,,O,N, requires C, 68-7; H, 4-8; N, 
12-3%). It was insoluble in camphor. The white precipitate behaved peculiarly: at first it 
crystallised from alcohol, but became insoluble after the first crystallisation (similarly from methyl 
alcohol or ethyl acetate) : it now crystallised as a salmon-tinted powder from amy] alcohol, but, 
at each subsequent attempt to recrystallise the substance, part remained insoluble. The in- 
soluble portions crystallised normally from nitrobenzene in pale brown crystals. All the crops 
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appeared to consist of the same compound, There was no evidence that the amino-carboxy- 
compound was losing carbon dioxide in the boiling solutions. 

The amino-carboxy-compound (0-8 g.) with a small amount of copper—bronze was care- 
fully heated (free flame) in a long evacuated (15 mm.) Pyrex tube. From the brown residue, 
toluene extracted a substance which, recrystallised from ethyl acetate, gave pure white micro- 
needles (0-1 g.), m. p. 225—227° (corr.) alone or mixed with 2: 2’-di-o-aminophenylamino- 
diphenyl (Macrae and Tucker, Joc. cit.). 

2 : 2’-Di-(5'’-cyano-1" : 2” : 3’’-benztriazolyl)diphenyl.—A solution of 2: 2’-di-(2’’-amino-4’- 
cyanophenylamino)diphenyl (2 g.) in glacial acetic acid (20 c.c.) and 10% hydrochloric acid 
(100 c.c.) was slowly treated with an excess of sodium nitrite solution and finally warmed until 
effervescence was vigorous. After cooling, the precipitate (1-3 g.) obtained crystallised from 
glacial acetic acid in white nacreous plates of 2 : 2’-di-(5’’-cyano-1" : 2” : 3’’-benztriazolyl)diphenyl, 
m.p. 269° (Found: N, 25-9. C,,H,,N, requires N, 25-6%) 

Decomposition of 2: 2'-Di-(5''-cyano-1" : 2” : 3’-benziriazolyl)diphenyl_—The compound 
(1 g.) was heated at 320° for 4 hour. The product was extracted with glacial acetic acid (char- 
coal); on cooling, a colourless material separated which, recrystallised from glacial acetic acid, 
gave a compound, m. p. 305—307°, probably 6 : 6’-dicyano-1 : 1’-dicarbazyl. 

Hydrolysis of 2: 2'-Di-(5''-cyano-1" : 2” : 3’-benztriazolyl)diphenyl.—The benztriazole (1 g.) 
was heated at 160° in a sealed tube for 3 hours with sodium hydroxide (2 g.) in alcohol (10 c.c.), 
The product was acidified with hydrochloric acid; the 2 : 2’-di-(5’’-carboxy-1" : 2” : 3’'-benztri- 
azolyl)diphenyl obtained separated slowly from acetic anhydride as a white, microcrystalline 
powder, unmelted at 330° (Found: N, 17-4. C,gH,,0,N, requires N, 17-6%). 

Ethylation of 2 : 4-Dinitrodiphenylamine.—2 : 4-Dinitrodiphenylamine (10 g.) and potassium 
hydroxide (10 g., powder) were mixed with alcohol (not acetone) (100 c.c.), and ethyl sulphate 
(15 c.c.) added to the boiling solution. After dark red oils, which separated on cooling, had been 
removed, orange crystals of 2 : 4-dinitro-N-ethyldiphenylamine, m. p. 98° (uncorr.) (Storrie and 
Tucker, Joc. cit.), were deposited in small yield. 
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367. The Condensation of Catechol with Acetone. 


By WILson BAKER. 


THE claim of Causse (Compt. rend., 1892, 115, 49; Bull. Soc. chim., 1892, 7, 563) that 
catechol (and also resorcinol and quinol) condenses with acetone in presence of hydro- 
chloric acid at room temperature to give an acetal, (CH;),C(O-C,H,°OH),, has never 
been substantiated, and Schmidlin and Lang (Ber., 1910, 48, 2816) were unable to obtain 
this type of condensation product with resorcinol, but by the interaction of catechol, 
acetone, and concentrated hydrochloric acid for 14 days at room temperature they obtained 
in very poor yield an impure, dark green substance, m. p. 255—270° (decomp.), which was 
not further investigated. It is probable that this crude compound was really identical with 
a condensation product of catechol and acetone previously obtained and investigated in 
some detail by Fabinyi and Széky (Ber., 1905, 38, 2307). 

Fabinyi and Széky heated catechol with acetone, acetic acid, and concentrated hydro- 
chloric acid under pressure at 145° for 1} hours, the solution subsequently depositing a 
crystalline product, which separated from alcohol in almost colourless needles, m. Pp. 
314—316° (decomp.), of the molecular formula C,,H,,0,. The compound was phenolic, 
gave a green solution in alkalis and a green ferric chloride reaction, a tetra-acetyl derivative, 
C.9H3,0,, m. p. 174°, a tetrabenzoyl derivative, C4gH,,O,, m. p. 234°, and a tetrabromo- 
derivative, C.;H90,Br,, m. p. 130°. Oxidation in alcohol with fuming nitric acid gave a 
bright red substance, C,,H,)0,, which appeared to be a double o-quinone ; a similar quinone 
was obtained by oxidation of the tetrabromo-derivative. Fabinyi and Széky tentatively 
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proposed the structure (I) for the condensation product, from which they derived the 
tetra-acetyl and the tetrabenzoyl derivative and the quinone.* 
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It appeared very unlikely that the condensation product could be correctly represented 
by (I), because this structure could not account in any simple way for the production of a 
tetrabromo-derivative, and also because of the improbability of producing the system of 
four fused rings indicated by (I). Complete reinvestigation of the product has, therefore, 
been made, and it is now shown to possess an entirely different structure. 

The compound is best prepared, both as regards yield and purity of product, by heating 
the mixture of catechol, acetone, acetic acid, and concentrated hydrochloric acid on the 
steam-bath at atmospheric pressure, a 50—60% yield being obtained, calculated on the 
catechol employed. The compound was shown to be identical with that described by 
Fabinyi and Széky, both by its properties and analysis and by the formation of the tetra- 
acetyl derivative, the quinone, and a tetrabromo-derivative. The last has m. p. 231° 
(instead of 130°) and, contrary to the previous statement, is completely stable towards 
water, even at 100°. Methylation of the condensation product readily gave a very char- 
acteristic, dimorphic tetramethyl ether, C,;H,,0,, and this could also be obtained by the 
simultaneous hydrolysis and methylation of the tetra-acetyl derivative. Further, it was 
found that the quinone could be reduced by sulphur dioxide to the original tetrahydroxy- 
phenol, identified by its tetra-acetyl derivative and its tetramethyl ether. 

These experiments definitely established the molecular formula ascribed to the com- 
pound by Fabinyi and Széky, and showed that it was produced by the condensation of two 
molecules of catechol and three molecules of acetone with loss of three molecules of water. 
It was evident that the four hydroxyl groups of the two catechol nuclei were free, and that, 
in order to account for the formation of the tetrabromo-derivative, there must be four free 
positions in the aromatic nuclei. 

The three acetone molecules taking part in the reaction suggested that the condensation 
was between two molecules of catechol and a molecule of phorone, and this was borne out by 
the production of the compound from catechol, phorone, acetic acid, and hydrochloric acid 
as readily as from acetone. The replacement of the phorone by mesityl oxide gave a much 
poorer yield, and the production of the substance must be accounted for by the fact that 
mesityl oxide is partly decomposed by dilute acids (Claisen, Ber., 1874, 7, 1169; Amnnalen, 
1876, 180, 20), thus allowing the production of a small quantity of phorone. 

With the recognition that the condensation proceeds via phorone, there is only one 
reasonable possibility for the structure of the compound, namely (II), and it is therefore 
to be regarded as 5 : 6 : 5’ : 6’-tetrahydroxy-3 : 3 : 3’ : 3'-tetramethylbis-1 : 1'-spirohydrindene. 
It is probably produced by the condensation of two molecules of catechol with the known 
phorone dihydrochloride, [(CHs),CCI-CH,°],CO, although the possibility of direct inter- 
action of catechol with phorone is not excluded. The tetra-acetyl, tetramethyl, and 
tetrabenzoyl derivatives are derived normally from (II) ; the quinone is to be represented 
by (III), and the tetrabromo-derivative is 4 : 7 : 4’ : 7'-tetrabromo-5 : 6 : 5’ : 6’-tetrahydroxy- 
3:3: 3’ : 3’-tetramethylbis-1 : 1'-spirohydrindene. It may be observed that (II) and its 
derivatives possess molecular asymmetry and should be capable of optical resolution. 


* (Note added in proof.) This condensation product of catechol and acetone has recently been rein- 
vestigated by K. Remesat (Dissert., Berlin, 1931, ‘‘ Versuchung iiber die Kondensation von Brenz- 
katechin und Guajacol mit Aldehyden und Ketonen’’). The work, however, throws no new light on 
the constitution of the compound, and the original structure (I) is retained. 
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Again, the rather remarkable ease of formation and stability of the o-quinone (III) is 
possibly to be attributed to the disposition of the double and the single bonds in the 
aromatic nuclei, the single bonds between the aromatic and the saturated five-membered 
tings being the arrangement favoured in a hydrindene derivative (Mills and Nixon, J., 1930, 
2510). 

Fabinyi and Széky describe compounds prepared by the condensation of catechol with 
methyl ethyl ketone and with diethyl ketone, and from their molecular formule, method of 
preparation and properties it is clear that they are exactly analogous to the compound (II). 


EXPERIMENTAL. 


Condensation of Catechol with Acetone.—Catechol (264 g.; 2 mols.), acetone (285 c.c.; 3-3 
mols.), acetic acid (600 c.c.), and concentrated hydrochloric acid (480 c.c.) were heated under 
reflux on the steam-bath for 48 hours. Crystals began to separate after 6 hours and the amount 
slowly increased, though the substance is almost wholly deposited during the first 24 hours, 
The crystalline material was collected, crushed, washed thoroughly with cold acetic acid, then 
water, and dried (yield, 240 g.). When the acetic acid was omitted, the yield fell to 12% and 
the product was rather dark and sticky. 

The properties of the compound agree with those described by Fabinyi and Széky, but it is 
best crystallised from alcohol-acetic acid. The substance (5 g.) was dissolved in alcohol (40 c.c.) 
at the b. p. (charcoal), and to the filtered solution boiling acetic acid (50 c.c.) was added. The 
solution slowly deposited a colourless microcrystalline powder, m. p. about 315°, which was 
dried in a vacuum at 100° (Found : C, 74-0; H, 7-3. Calc. for C,,H,,0,: C, 74-1; H, 7-1%). 

Condensation of Catechol with Phorone.—Catechol (22 g.; 2 mols.), phorone (13-8g.; 1mol.), 
acetic acid (50 c.c.), and concentrated hydrochloric acid (40 c.c.) were heated on the steam-bath 
for 24 hours. Crystals appeared after 7 hours (yield, 16 g.; 47%). The compound was 
identified by its tetra-acetyl derivative, m. p. 175°, and its characteristic dimorphic tetramethyl 
ether (below), m. p. 158°. 

Condensation of Catechol with Mesityl Oxide.—Catechol (22 g.; 2 mols.), mesityl oxide (9-8 g. ; 
1 mol.), acetic acid (50 c.c.), and concentrated hydrochloric acid (40 c.c.) were heated on the 
water-bath for 24 hours (yield, 5-9 g.; 17%). The compound was identified as above. 

The Tetra-acetyl Derivative-—The condensation product (10 g.) was boiled with acetic 
anhydride (50 c.c.) and anhydrous sodium acetate (10 g.) for 4 hours (compare Fabinyi and 
Széky). On shaking with water, the acetyl derivative slowly crystallised, but solidification was 
rapid when the substance was rubbed with alcohol. It separated from alcohol in colourless, 
thick, dagger-like prisms, m. p. 175° (Found: C, 68-6, 68-5; H, 6-3, 6-6; Ac, 35-8, 36-4, 36-3. 
Calc. for C.,H;,0,: C, 68-5; H, 6-3; Ac, 33-9%). This acetyl derivative was also obtained by 
the acetylation of the reduced quinone (below). 

Tetramethyl Ether.—The condensation product (20 g.), methyl alcohol (20 c.c.), and methyl 
sulphate (30 c.c.) were shaken with excess of 20% potassium hydroxide solution, added in 
portions; further quantities of methyl sulphate (30 c.c.) and alkali were then added, the mixture 
being allowed to boil. A crystalline solid separated and was collected, washed with water, and 
dried (yield, 23-7 g.). It was crystallised several times from alcohol and obtained in thick rhombic 
plates (Found : C, 75-8, 75-9; H, 8-2, 8-1; OMe, 31-3, 31-3. C,;H 3,0, requires C, 75-8; H, 8-2; 
OMe, 31:3%). This ¢etramethy/ ether is dimorphic, and frequently separates from hot solutions in 
pointed bi-pyramids («-form), m. p. 158°, the solution then depositing more slowly the rhombic 
form (§-form), which has no well-defined melting point owing to conversion into the a-form. 
When the melting point of the 6-form is taken in the usual way, the clear crystals become opaque 
at 125°, show signs of melting in contact with the glass at somewhat higher temperatures, and 
finally melt at 158°. When plunged into the melting-point bath at 130°, the substance partly 
melts; but when placed in the bath at 140° it melts completely, and during about a minute 
resolidifies and then melts at 158°; on cooling, it resolidifies completely above 140°. A hot 
solution of the B-form in alcohol, when seeded with the «-form, deposits the substance in the 
a-form. The tetramethyl ether dissolves in concentrated sulphuric acid to a pale yellowish- 
orange solution which develops a green fluorescence. It is stable to potassium permanganate in 
hot pyridine or acetone. The same tetramethyl ether was obtained also by methylating the 
reduced quinone (below) and by the simultaneous hydrolysis and methylation of the tetra- 
acetyl derivative. 


Oxidation to the Quinone.—(a) (compare Fabinyi and Széky). The condensation product 
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(15 g.) was dissolved in hot alcohol (150 c.c.) and cooled to 10°, and fuming nitric acid (12 c.c. ; 
d 1-5) added slowly with stirring, the temperature being kept below 30°. The quinone rapidly 
separated after the addition of the nitric acid, and was collected after a few hours, washed with 
alcohol and with water, and dried (yield, 12 g.)._ It formed small, dark brownish-red crystals 
which persistently retained a small amount of nitric acid and gave varying analyses for carbon 
and hydrogen (Found : C, 72-8—73-9; H, 5-7—6-0. Calc. for C,;Hy0,: C, 75-0; H, 6-0%). 

(b) The condensation product (15 g.) was dissolved in hot alcohol (150 c.c.), and to the 
filtered solution a mixture of concentrated nitric acid (10 c.c.; d 1-42) and acetic acid (10 c.c.) 
was added slowly whilst the temperature was kept at 0—5°. The mixture was kept at 0° for 
several hours and at room temperature for 20 hours; the quinone was then collected, washed 
with alcohol and with water, boiled with water for 15 minutes, and recrystallised four times 
from glacial acetic acid. The product was ultimately boiled with water and dried at 100° ina 
vacuum over sodium hydroxide (Found : C, 74:7; H, 6-0%). This product has a deep bright 
red colour. 

Reduction of the Quinone.—The finely powdered quinone (6 g.) was suspended in 50% acetic 
acid (60 c.c.) and reduced by the passage of sulphur dioxide at 60° until the colour became pale 
orange. Fine sandy crystals now separated; these, after cooling and addition of water, were 
collected, washed, and dried at 100° (yield, 5 g.). The substance had all the properties of the 
original condensation product and was identified by the tetra-acetyl derivative, m. p. 175°, and 
the tetramethyl] ether, m. p. 158°. 

Tetrabromo-derivative.-—The powdered condensation product (25 g.) was suspended in acetic 
acid (200 c.c.) at 40°, and a solution of bromine (20 c.c.) in acetic acid (40 c.c.) added during 5 
minutes with shaking. When solution had occurred, the liquid was filtered; on cooling, it 
deposited crystals. They were collected and Washed with cold acetic acid and with water 
(yield, 27 g.). The pure compound is best obtained by recrystallisation from dilute acetic acid, 
and then from carbon tetrachloride, in which it is moderately readily soluble. It separates in 
bunches of prismatic needles, m. p. 231° (decomp., with slight previous softening) (Found : Br, 
48-4. Calc. for C,,H,,O,Br,: Br, 48-7%). Fabinyiand Széky describe the substance as being 
unstable towards water, being converted into a pink substance. The crude compound does 
turn red on treatment with water, but the substance responsible for this colour is removed by the 
initial thorough washing with acetic acid, the substance being thereafter unaltered by water. 


The author’s thanks are due to the Dyestuffs Group of Imperial Chemical Industries, Limited, 
for a grant. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, August 9th, 1934.] 





368. Derivatives of 1:2:3:4-Tetrahydroxybenzene. Part III. The 
Synthesis of Dill Apiole, and the Extension of the Dakin Reaction. 


By WILson Baker, E. H. T. JUKEs, and (in part) C. A. SUBRAHMANYAM. 


In Part I (Baker and Smith, J., 1931, 2542) was described the synthesis of dill apione 
(1 : 2-methylenedioxy-3 : 4-dimethoxybenzene) by the methylenation of 1 : 2-dihydroxy- 
3:4-dimethoxybenzene (I), the latter substance being obtained by the oxidation of 
2-hydroxy-3 : 4-dimethoxybenzaldehyde~- by means of hydrogen peroxide in aqueous 
alkaline solution (see Dakin, Amer. Chem. J., 1909, 42,477). The difficulties attending the 
preparation of 2-hydroxy-3 : 4-dimethoxybenzaldehyde in quantity excluded the possibility 
of using 1 : 2-dihydroxy-3 : 4-dimethoxybenzene (I) as an intermediate in the synthesis 
of the naturally occurring dill apiole itself (1 : 2-methylenedioxy-3 : 4-dimethoxy-5-allyl- 
benzene) (III). 

A convenient method for the preparation of (I) in quantity has now been found in the 
oxidation of the accessible gallacetophenone 3 : 4-dimethyl ether with hydrogen peroxide 
in alkaline solution, and it has been used in the synthesis of dill apiole in the following 
manner. Treatment with allyl bromide in acetone in presence of potassium carbonate 
yielded a monoallyl ether, which underwent molecular rearrangement on heating with 
production of 1 : 2-dihydroxy-3 : 4-dimethoxy-5-allylbenzene (II) (uncharacterised) as 
the chief product. Since migration of an allyl group under these conditions always yields 
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an o- or a p-hydroxyallylbenzene, the production of (II) probably means that the monoallyl 
ether is chiefly the 2-O-allyl ether. Methylenation of (II) with methylene iodide and an- 
hydrous potassium carbonate in acetone yielded directly almost pure dill apiole (III), 
characterised by the formation of monobromodill apiole dibromide, which was directly 
compared (mixed m. p.) with a specimen prepared from natural dill apiole. The allyl 
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groups in these compounds cannot occupy position 6, since the final product would then be 
an isomeride of dill apiole and not dill apiole itself, the constitution of which was definitely 
established by the researches of Ciamician and Silber (Ber., 1896, 29, 1799) and Thoms 
(Arch. Pharm., 1904, 242, 328). Dill apiole has been isolated from dill oil (Ciamician and 
Silber, Joc. cit.), from matico oil from the leaves of Piper augustifolium (Thoms, Joc. cit.), 
from sea-fennel oil (Delépine, Compt. rend., 1909, 149, 215), and from Crithmum maritimum 
(Francesconi and Sernagiotti, Atti R. Accad. Lincet, 1913, 22, 231, 312). 

Methylation of (II) with methyl sulphate and alkali readily gave 1: 2:3: 4-tetra- 
methoxy-5-allylbenzene, which is apparently identical with a product isolated by Thoms 
(Ber., 1908, 41, 2753) from parsley oil and to which this constitution was assigned. Direct 
comparison of the synthetic and the natural product was not possible in this case. 

As possible intermediates in the synthesis of parsley apiole the following compounds 
have been prepared: pyrogallol methylene ether (2 : 3-methylenedioxyphenol) (IV), by the 
direct methylenation of pyrogallol with methylene bromide and potassium carbonate in 
acetone; gallacetophenone 4-methyl ether, by the nuclear acylation of pyrogallol 1- 
monomethyl ether (Baker, Montgomery, and Smith, J., 1932, 1282); 7-methoxy-8-acetyl- 
2-methylchromone—this compound could not be hydrolysed to the monomethyl ether of 
2: 4-diacetylresorcinol. Hydrolysis of 7-hydroxy-8-acetyl-2-methylchromone (Baker, 
this vol., p. 73) with 4% aqueous sodium hydroxide at 100° gives resacetophenone, the 
nuclear acetyl group in position 8 having been replaced by hydrogen; 2 : 4-diacetyl- 
resorcinol is unaffected under these conditions, although it has been recorded that reduction 
of this diacetyl resorcinol by Clemmensen’s method yields 4-ethylresorcinol (Rosenmund, 
Buchwald, and Deligiannis, Arch. Pharm., 1933, 271, 344). 

The Extension of the Dakin Reaction.—This reaction, as applied to the oxidation of the 
hydroxybenzaldehydes to give polyhydroxybenzenes and formic acid, has found but few 
synthetical applications, probably owing to the difficulty in obtaining the appropriate 
aldehydes. Dakin observed that the reaction could be extended to the oxidation of 
hydroxyacetophenones, but he found it necessary to heat the reactants and observed that 
“the reaction does not take place as easily as in the case of the corresponding aldehydes and 
the yields, particularly in the case of the dihydroxybenzenes, are smaller.” We are, however, 
unable to agree with this statement, and find that the hydroxyacetophenones are oxidised 
just as easily as the hydroxyaldehydes (see examples in this paper). Since the hydroxyaceto- 
phenones are, in general, very readily accessible in quantity, it is evident that this provides 
a valuable synthetical method, and also a simple method for establishing the position of a 
nuclear acetyl group in derivatives of o- or p-hydroxyacetophenones (see Baker, Joc. cit.). 

The higher ketones may also be oxidised in the normal manner. Dakin obtained 
a small yield of quinol by the oxidation of p-hydroxypheny] ethyl ketone, but we have now 
extended the reaction to the oxidation of hydroxyphenyl benzyl ketones and hydroxyphenyl 
8-phenylethyl ketones, and in all cases the reaction proceeds normally (see experimental 
section). This extension may prove to be an important method for degrading and estab- 
lishing the constitution of naturally occurring hydroxy-ketones. 


EXPERIMENTAL. 


Gallacetophenone 3 : 4-Dimethyl Ether.—To a boiling mixture of gallacetophenone (16-8 g.; 
1 mol.), benzene (400 c.c.) and anhydrous potassium carbonate (55 g.) was added methy] sulphate 
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(26 g.; 2-05 mols.) in one portion, and the whole refluxed for 6 hours with occasional shaking. 
After the addition of water (750 c.c.) and shaking, the benzene layer was separated and shaken 
several times with sodium hydroxide solution, and the alkaline extracts solidified. The pre- 
cipitated gallacetophenone 3 : 4-dimethyl ether after crystallisation from methyl alcohol had 
m. p. 75—77° (yield, 10 g.) (for previous methods of preparation from gallacetophenone, see 
Perkin, J., 1895, 67, 997; Perkin and Wilson, J., 1903, 83, 132; David and von Kostanecki, 
Ber., 1903, 36, 127). . 

1 : 2-Dihydroxy-3 : 4-dimethoxybenzene (I).—Gallacetophenone 3 : 4-dimethy] ether (9-8 g.) in 
10% sodium hydroxide solution (40c.c.) was oxidised by the addition of a 3% solution of hydrogen 
peroxide (75 c.c.) in an atmosphere of coal gas. Considerable rise of temperature occurred and 
the mixture darkened. After about } hour the solution was acidified, and extracted with ether, 
the extracts dried and distilled, and 1 : 2-dihydroxy-3 : 4-dimethoxybenzene obtained asa pale 
yellow oil (5 g.), b. p. 160—170°/20mm. The diacetyl derivative (acetic anhydride and sodium 
acetate for 6 hours) had m. p. 85°, and the dimethy] ether (1 : 2 : 3: 4-tetramethoxybenzene), 
m., p. 89°; the methylene ether (1 : 2-methylenedioxy-3 : 4-dimethoxybenzene ; dill apione), b. p. 
75—80°/5 mm., was characterised by its dibromide, m. p. 91° (see Baker and Smith, /oc. cit.). 

1 : 2-Dihydroxy-3 : 4-dimethoxy-5-allylbenzene (II).—To 1: 2-dihydroxy-3: 4-dimethoxy- 
benzene (12 g.) and allyl bromide (8-5 g.) in acetone (25 c.c.) was added anhydrous potassium 
carbonate (12 g.), and the mixture refluxed for 18 hours with frequent shaking. After evapor- 
ation of the acetone, the mixture was acidified with dilute sulphuric acid and extracted with 
ether, the extracts shaken with excess of dilute aqueous sodium hydroxide, and the phenolic 
products reprecipitated from the alkaline layer by acid and again extracted with ether. After 
removal of the solvent the monoally] ether was heated in an oil-bath to about 165°; its temper- 
ature then suddenly rose to 190°, and, after being kept at 200° for a few minutes, it was distilled 
under diminished pressure. The thick oily product (4 g.), b. p. 160—173°/14 mm., which partly 
solidified, was directly used for the subsequent experiments. 

Dill Apiole (1: 2-Methylenedioxy-3 : 4-dimethoxy-5-allylbenzene) (III).—Crude 1 : 2-dihydr- 
oxy-3 : 4-dimethoxy-5-allylbenzene (4 g.), methylene iodide (5-2 g.), acetone (25 c.c.), and an- 
hydrous petassium carbonate (3 g.) were refluxed for 8 hours. After removal of the acetone 
and dilution, the methylenated product was extracted with ether, and the extracts were shaken 
with dilute aqueous sodium hydroxide and distilled twice under diminished pressure. The 
dill apiole (1 g.) distilled as a colourless, almost odourless oil at 172—173°/16 mm. (Found : 
C, 64-2; H, 6-4. Calc. for C,,H,,0,: C, 64-9; H, 6-3%) and was converted into monobromo- 
dill apiole dibromide (excess bromine in acetic acid; the crude substance melted directly at 
104—106°), needles from alcohol, m. p. 107°, which was not depressed on admixture with a 
specimen of the same melting point prepared from natural dill apiole (Found : C, 31-6; H, 2-6; 
Br, 51-9. Calc. for C,,H,,0,Br, : C, 31-2; H, 2-8; Br, 52-1%). 

1:2:3: 4-Tetramethoxy-5-allylbenzene.—1 : 2-Dihydroxy-3 : 4-dimethoxy-5-allylbenzene (3 
g.) in methyl alcohol (15 c.c.) was shaken with methyl sulphate (8 g.) and a 10% solution of 
potassium hydroxide (60 c.c.), added in portions, and finally heated on the steam-bath. After 
the addition of water ether extracted the tetramethoxyallylbenzene as an oil, which after dis- 
tillation under diminished pressure (b. p. 145°/12 mm.) solidified when strongly cooled, and had 
m. p. 25° (Found: C, 65-3; H, 7-4. Calc. for C,,H,,0,: C, 65-5; H, 7-4%) (Thoms, loc. cit., 
records m. p. 25°). 

Pyrogallol Methylene Ether (I1V).—Pyrogallol (50 g.), acetone (400 c.c.), methylene bromide 
(110 g.), and anhydrous potassium carbonate were refluxed for 30 hours, then diluted, acidified, 
and extracted with a large volume of ether. The ethereal extract was shaken several times 
with water, filtered, and shaken with aqueous sodium hydroxide. The alkaline layer was acid- 
ified, extracted several times with warm light petroleum (b. p. 40—60°), and yielded a semi-solid 
product which, after being pressed on porous porcelain and recrystallised from light petroleum 
(b. p. 40—-60°), had m. p. 65° (Found: C, 60-8; H, 4-4. C,H,O, requires C, 60-9; H, 44%) 
(yield, 0-06 g.). Pyrogallol methylene ether gives a brownish colour with a dilute alcoholic solution 
of ferric chloride. 

Gallacetophenone 4-Methyl Ether.—Pyrogallol 1-monomethyl ether was prepared by the 
oxidation of o-vanillin with hydrogen peroxide in alkaline solution (Baker, Montgomery, and 
Smith, loc. cit.; the quantity of 3% hydrogen peroxide there recorded should be 146 c.c. instead 
of 46 c.c.). Pyrogallol 1-monomethy] ether (1 g.) in acetic acid (8 c.c.) and anhydrous zinc 
chloride (10 g.) was heated at 155—160° for 8 minutes and poured into water (35 c.c.). 
Crystallisation occurred on stirring, and the product (0-6 g.) was collected and recrystallised 
from methyl alcohol; m. p. 132° (compare Perkin and Wilson, /oc. cit.). 
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7-Methoxy-8-acetyl-2-methylchromone.—7-Hydroxy-8-acetyl-2-methylchromone (Baker, /oc. 
cit.) was refluxed for 2 hours in acetone with anhydrous potassium carbonate and 1} mols. of 
methyl sulphate. The product, isolated in the usual way, separated from methyl] alcohol as a 
colourless crystalline powder, m. p. 161—162° (Found: C, 67-1; H, 5-1. C,3H,.0, requires 
C, 67-2; H, 5-2%). Yield, almost quantitative. The substance slowly turns pale yellow on 
exposure to light. 

1: 2: 4-Trimethoxybenzene.—Resacetophenone (30-4 g.) in 12% sodium hydroxide solution 
(150 c.c.) in an atmosphere of coal gas was oxidised by the addition of 6% hydrogen peroxide 
(143 c.c.) at such a rate that the temperature remained at about 50°. Half an hour after the 
addition of the hydrogen peroxide the solution was cooled in ice, a solution of sodium hydroxide 
(50 g.) added, and the mixture mechanically stirred during and after the addition of acetic 
anhydride (60c.c.). The solution was then acidified with dilute hydrochloric acid, and the mixed 
acetyl derivatives were extracted with ether, and, after removal of the solvent, subjected to 
simultaneous hydrolysis and methylation by the action of excess methyl] sulphate and aqueous 
potassium hydroxide. Ether ultimately extracted 1 : 2 : 4-trimethoxybenzene (11 g.), which, 
after distillation under diminished pressure, solidified on cooling and had m. p. 19—20°; b. p. 
251—252°/756 mm. with slight decomposition. 

Oxidation of Higher Ketones.—The oxidation of 2 : 4-dihydroxypheny]l benzyl ketone may be 
taken asa typicalcase. The ketone (4-56 g.; 1 mol.) in N-sodium hydroxide (60 c.c.; 3 mols.) 
at 25° was oxidised by the addition of 3% hydrogen peroxide (34 c.c.; 1-5 mols.) in an atmo- 
sphere of coal gas. The temperature rose to 48°, and after 10 minutes the solution was heated 
on the steam-bath for 10 minutes, acidified with dilute sulphuric acid, and extracted several 
times with ether; the extracts were shaken with sodium bicarbonate solution and the alkaline 
layer was acidified and extracted, yielding phenylacetic acid (2-6 g.; 95% yield). The first 
ethereal extract, when evaporated and methylated, gave 1:2: 4-trimethoxybenzene. In a 
similar way 2 : 4-dihydroxyphenyl p-methoxybenzyl ketone (ononetin) gave p-methoxyphenyl- 
acetic acid (60% yield) and 1 : 2: 4-trimethoxybenzene; homopiperonylresacetophenone gave 
8-piperonylpropionic acid (90% yield) and 1:2: 4-trimethoxybenzene; and 2-hydroxy-4- 
methoxyphenyl benzyl ketone—reaction did not start below 60°—gave phenylacetic acid 
(50% yield). 


The authors’ thanks are due to the Chemical Society for a grant. 
THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, August 9th, 1934.] 





369. A New Factor controlling Certain Chelations, with Special 
Reference to Disubstitution in the Resorcinol Nucleus. 


By WILSON BAKER. 


THERE are two known diacetylresorcinols, 2 : 4-diacetylresorcinol (I) and 4 : 6-diacetyl- 
resorcinol (II), the former having been prepared by Wittig, Baugert, and Richter (Amnalen, 
1925, 446, 184) and by Rosenmund, Buchwald, and Deligiannis (Arch. Pharm., 1933, 271, 
344; for the constitutions of these substances see Baker, this vol., p.72). Both compounds 
contain two nuclear acetyl groups each adjacent to a hydroxyl group, so it might be expected 
that they should closely resemble each other, both physically and chemically, and that the 
same degree of chelation should be possible to both. 
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The two substances, however, exhibit pronounced differences in physical and in some 
chemical properties. 2: 4-Diacetylresorcinol has m. p. 89° and b. p. 168—169°/10 mm. ; 
it is soluble in 10 parts of benzene at 15°, easily soluble in light petroleum, and easily volatile 
in steam. 4: 6-Diacetylresorcinol has m. p. 182°, b. p. 188—189°/10 mm., is soluble in 
125 parts of benzene at 15°, almost insoluble in light petroleum, and almost non-volatile in 
steam. Stress must not be laid on the differences in melting point and solubility as an 
indication of chelation (see Sidgwick and Callow, J., 1924, 125, 527), but as regards the 
boiling point it may be pointed out that resacetophenone has b. p. 179°/10 mm., so that 
introduction of the second acetyl group into resacetophenone in position 5 raises the boiling 
point by 10°, whilst in position 3 it lowers the boiling point by 10°.* It is difficult to avoid 
the conclusion that 2 : 4-diacetylresorcinol is considerably more chelated than the isomeric 
4 : 6-diacetylresorcinol, which has the characteristics of a partially associated substance. 

This is further borne out by the lowering of the melting points of the two substances 
under water. The melting point of 2 : 4-diacetylresorcinol is lowered by 5°, and that of 
4 : 6-diacetylresorcinol by 23°, the small lowering in the first case being typical of certain 
highly chelated ortho-substituted phenols (see Sidgwick, Spurrell, and Davies, J., 1915, 
107, 1202). It has now been found, for example, that the melting point of the volatile 
2-acetyl-p-cresol is lowered by only 1-5° under water, whilst the melting point of p-hydroxy- 
acetophenone is lowered by 53°. Again, (I) with alcoholic ferric chloride produces a colour 
which is considerably deeper than that given by (II) ; and whilst (II), like resacetophenone, 
produces no visible dyeing on an iron mordant, 2 : 4-diacetylresorcinol gives a chocolate- 
brown dyeing. 

There can be little doubt that these differences in behaviour are to be ascribed to the 
possible double chelation of 2 : 4-diacetylresorcinol (III), and the single chelation only of 
4 : 6-diacetylresorcinol (IV), this in its turn depending on the necessity of the hydroxyl 
and the acetyl groups to be joined to mutually doubly linked carbon atoms of the benzene 
nucleus before chelation can occur. In (IV) the free hydroxyl group will cause the sub- 
stance to be partially associated. No other reason for the differences between these 
diacetylresorcinols appears possible, and the explanation rests upon the reality of the 
Kekulé formula for benzene, evidence for which has been brought forward by Mills and 
Nixon (J., 1930, 2510), and provides evidence that the aromatic character of benzene is 
not dependent upon the rapid alternation of the double bonds. The difference between the 
diacetylresorcinols proves, quite independently of any theory, that in o-hydroxyaceto- 
phenone the bond uniting carbon atoms 3 and 4 differs from that uniting carbon atoms 
4 and 5. 

The view that a double bond between the carbon atoms bearing the hydroxyl and the 
acetyl group is a necessity for chelation receives support from a study of (a) certain aliphatic 
compounds and (8) orientation phenomena in resacetophenone derivatives. 

(a) As an example, acetylacetone (largely enolic) has b. p. 137°; the corresponding 
saturated compound, 2-hydroxy-4-ketopentane, has b. p. 176—177°. Moreover the 
general properties of acetylacetone are those of a chelated compound, whilst 2-hydroxy-4- 
ketopentane possesses the solubilities, etc., of a hydroxylic substance. 

(b) The preparation of 4: 6-diacetylresorcinol (II) from resorcinol diacetate by 
heating with ferric chloride proceeds by two para-migrations of acetyl from oxygen to 
the nucleus, the intermediate 2-O-acetylresacetophenone (V) having been isolated by 
Gulati and Venkataraman (J., 1931, 2377). In this intermediate there is no factor 
fixing the double bonds in the nucleus, so the usually favoured para-migration of 
the second acetyl group occurs, giving exclusively the symmetrical 4 : 6-diacetyl- 
resorcinol. However, in the isomeric 4-O-acetylresacetophenone (VI) the double bonds 
of the nucleus may be largely stabilised as shown, owing to chelation between the 


* It is possible that the difference in boiling point between (I) and (II) is more correctly ascribed to 
molecular architecture rather than to chelation, since the dimethyl ethers of (I) and (II), where chelation 
is impossible, boil at 187°/15 mm. and 230°/15 mm. respectively. The phenol ethers are, however, 
sometimes abnormal in their properties; ¢.g., 3-nitrocatechol is but very weakly associated in dilute 
benzene solution (M, 158-7; theory, 155), whilst its dimethyl ether is very largely associated (M, 274°5; 
theory, 183). 
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hydroxyl and the nuclear acetyl group, and the O-acetyl group should migrate, at least 
partly, to position 3, giving 2 : 4-diacetylresorcinol (I) (compare migration of acetyl from 
oxygen to the adjacent unsaturated carbon atom in acetoacetic ester, etc.; see Mills and 
Nixon, Joc. cit.). This was actually found to be the case,* since migration in (VI) produced 
by means of aluminium chloride in nitrobenzene gave a 45% yield of mixed diacety]l- 
resorcinols (remainder of product was mainly resacetophenone) which consisted of about 
58% of 2: 4-diacetylresorcinol and 42% of 4: 6-diacetylresorcinol (note that complex 
formation of the type >C—O-AICl, must prevent chelation). This process enables 
2 : 4-diacetylresorcinol to be made rapidly and in quantity. It might be objected that 
in (V) the acetyl group can migrate to either the para- or the ortho-position, whilst in (VI) 
it has only the choice of two ortho-positions, and might be expected to migrate almost 
equally to both. This objection is met by the following experiment. Migration of the 
O-acetyl group in 4-O-acetyl-2-O-methylresacetophenone (acetylisopaeanol) (VII) and methyl- 
ation of all the resulting phenolic products, gives resacetophenone dimethyl ether and the 
dimethyl ether of 4 : 6-diacetylresorcinol, but no trace of the easily isolable 2 : 4-diacetyl- 
resorcinol dimethyl ether. Methylation of the hydroxyl group in (VI) has, therefore, com- 
pletely prevented the migration of the O-acetyl group into position 3. It might be sug- 
gested in the latter experiment with (VII) that the further substitution in position 5 is due 
to the powerful para- and weak ortho-directing influence of the methoxyl as compared with 
the hydroxyl group in (VI). However, if in (VI) chelation is again prevented by replacing 
the nuclear acetyl group by the ethyl group, it appears that the O-acetyl group migrates 
quantitatively into position 5 (Rosenmund, Buchwald, and Deligiannis, loc. cit.; for con- 
stitution of the 6-acetyl-4-ethylresorcinol produced, see Weiss and Kratz, Monatsh., 1929, 


51, 386). 
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The reason the double bond is a necessity for chelation is probably to be found in the 
usual electromeric effect of the two groups concerned. In an o-hydroxyacetophenone 
these effects can set up an electron drift from the singly bound oxygen atom to the doubly 
bound oxygen atom, provided that the carbon atoms bearing the two groups are doubly 
bound, and thus bring about the formation of a ‘‘ neutralised system ” (Robinson, Ist. int. 
Chim. Solvay, Conseil Chim., 1931, 4, 423) as in (III) and (IV). This drift—to whatever 
extent it may occur—will make it more easy for the oxygen of the carbonyl group to act as 
a donor atom, and possibly also more easy for the hydrogen of the hydroxyl group to act as 
an acceptor, than would otherwise be possible, thus making facile chelation, which in the 
absence of the double bond would be feeble or impossible. 

The remarkably feeble mordant dyeing properties of hydroxy- and polyhydroxy-anthra- 
quinones, where the hydroxyl groups are in the 1, 4, 5, and 8 positions, may be due, if the 
substances retain a para-quinonoid structure, to the double bonds not being in the correct 
positions for chelation to occur. 

In apparent contradiction to the postulate that chelation between hydroxyl and acetyl 
is dependent upon the groups being attached to mutually unsaturated carbon atoms, is the 
fact that the nitration of resacetophenone produces 5-nitroresacetophenone (VIII) and not 
the isomeric 3-nitro-derivative. Nitration of resacetophenone is, however, preceded by 
the formation of an addition compound with nitric acid (such addition compounds of nitric 


* Rosenmund, Buchwald, and Deligiannis (/oc. cit.) record the production of 2 : 4-diacetylresorcinol 


by this reaction, but no experimental details are given. 
t A brief account of this work has been given by Professor R. Robinson in the Jubilee Journal 


of the Society of Dyers and Colourists (1934, p. 76). 
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acid with ketones have been isolated in a number of cases, ¢.g., Ph*CO*CH;,HNO,; 
Ph,CO,HNO;; (CsH,),CO,HNOsg, etc.; Reddelien, J. pr. Chem., 1915, 91, 213), and what- 
ever the exact nature of the complex in which the nitric acid is united with the carbonyl 
group, its formation must prevent chelation between the acetyl and the hydroxyl group, 
so that the double bonds in the benzene nucleus are not stabilised and nitration will occur 
in the symmetrical position 5. The position of the nitro-group in nitroresacetophenone 
(Nencki and Sieber, J. pr. Chem., 1881, 23, 150) was established by oxidation with hydrogen 
peroxide in alkaline solution and methylation of the product (compare Baker, loc. cit.), 
5-nitrohydroxyquinol trimethyl ether being produced, identical with that prepared by the 
direct nitration of hydroxyquinol trimethyl ether. The nitropaeanol of Adams (J. Amer. 
Chem. Soc., 1919, 41, 263) was shown to have a similar orientation, since its methyl ether 
is identical with the dimethyl ether of 5-nitroresacetophenone (5-mnttro-2 : 4-dimethoxy- 
acetophenone) ; it is therefore 5-nitro-2-hydroxy-4-methoxyacetophenone. 

Chelation in the Nitrophenols—The o-nitrophenols are known to be chelated com- 
pounds, but it has not been previously recognised that both oxygen atoms of the nitro- 
group can act as donors. The donor link must first be produced between the hydrogen 
of the hydroxyl group and the co-ordinately linked oxygen (since this possesses six free 
electrons, while the doubly linked oxygen possesses only four) (IX), and this link cannot 
depend for its formation upon an electromeric transfer from the hydroxyl group, since a 
co-ordinately linked oxygen atom cannot increase the number of its free electrons in this 
way. The doubly bound oxygen atom should then be capable of acting as a donor towards 
a second adjacent hydroxyl group if there is a double bond between the carbon atoms 
bearing the nitro-group and this hydroxyl group (compare chelation between hydroxyl 
and acetyl). Thus in 2-nitroresorcinol (X) there is the possibility of a double chelation, 
and this is fully confirmed by the properties of the compound. It is completely unimole- 
cular in dilute benzene solution at the freezing point (M, 151; theory, 155; compare 
o-nitrophenol, which under the same conditions has M, 135; theory, 139), very easily 
volatile in steam and sublimable, soluble in light petroleum, and has a considerably lower 
boiling point (234°) than resorcinol (281°), and its melting point is lowered only 3-7° under 
water (compare o-, m-, and p-nitrophenols, whose melting points are lowered by 1°, 54-5°, 
and 74-4° respectively; Sidgwick, Spurrell, and Davies, Joc. cit.). The group present in 
2-nitroresorcinol always appears to be associated with a bright red colour when, as in this 
compound itself, the nitro-group is doubly chelated. Both 2-nitroresorcinol and nitro- 
phloroglucinol are red, whilst, though the same group is present in, ¢.g., styphnic acid 
(yellow), 2-nitro-4 : 6-diacetylresorcinol (colourless), 2 : 4-dinitroresorcinol (yellow), and 
trinitrophloroglucinol (yellow), the second chelation of the nitro-group need not be called 
upon, even if the substances are fully chelated.* 
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It follows from the double chelation of 2-nitroresorcinol that a nitro-group can chelate 
with a hydroxyl group when the carbon atoms to which these groups are united are either 
singly or doubly bound. We have thus a type of chelation essentially different from that 
between hydroxyl and acetyl, in that the latter depends on the presence of a double bond 
between the carbon atoms bearing the groups, whilst the former is independent of this. 
One would, therefore, expect to find no appreciable difference in properties between the 
isomeric 2: 4- and 4 : 6-dinitroresorcinols, and actually no such striking differences exist 


* Dischendorfer (Monaish., 1933, 62, 263) has prepared a mononitro-4 : 6-dibenzoylresorcinol which 
he regards as the 5-nitro-derivative, since, unlike 2-nitroresorcinol, it is only weakly yellow. It is 
Clear, however, that this argument is valueless and the compound is without doubt the 2-nitro-derivative. 
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as are shown by the isomeric diacetylresorcinols. Preliminary examination has shown 
that both compounds are but rather weakly chelated. 

3-Nitrocatechol (XI) affords another interesting case of chelation. It is an orange- 
yellow substance with a powerful nitrophenolic odour, very readily volatile in steam, 
readily soluble in light petroleum, and is only slightly associated in benzene (see footnote, 
p. 1685). It has a lower boiling point (231°) than catechol (245°), and is obviously more 
fully chelated than this compound, which shows a considerably greater association in 
benzene (Langmuir, J. Amer. Chem. Soc., 1912, 34, 860, 1316). The low boiling point is 
remarkable when it is recalled that the introduction of the nitro-group into the ortho- 
position of phenol raises the boiling point from 182° to 215°, notwithstanding the powerful 
chelation of o-nitrophenol. 3-Nitrocatechol is, therefore, best represented by (XII), in 
which the donor link (a) helps the formation of the donor link (b) between the two hydroxy] 
groups, these groups being consequently more chelated than in catechol. The same effect 
seems to occur also in 2 : 3-dihydroxybenzaldehyde (Pauly and Lockemann, Ber., 1910, 
43, 1813; Pauly, Schiibel, and Lockemann, Annalen, 1911, 383, 312), whose boiling point 
is 10° lower than that of catechol (introduction of the aldehyde group into the ortho- 
position of phenol raises the boiling point by 15°). 


Disubstitution in the Resorcinol Nucleus. 


Disubstitution in the resorcinol nucleus may lead either to 2 : 4- or to 4 : 6-disubstituted 
resorcinols. Both types of substitution are quite distinct; only in one case (diacetyl- 
resorcinols; already discussed) have both isomerides been isolated from the same reaction. 
Moreover, in all cases the 4-monosubstituted resorcinol is first produced, followed by the 
introduction of the second group into position 2 or6. Very few instances of direct substitu- 
tion in position 2 in resorcinol itself are recorded, and in all cases a very much greater 
quantity of the 4-substituted resorcinol is simultaneously produced (see coupling of di- 
azonium salts with resorcinol, Wallach and Fischer, Ber., 1882, 15, 2817; Will and Puckall, 
Ber., 1887, 20, 1121, 1145; Bechold, Ber., 1889, 22, 2377; formation of 2 : 6-dihydroxy- 
benzoic acid, Senhéfer and Brunner, Wien Akad. Wiss., 1879, 80, 504; Brunner, Annalen, 
1906, 351, 313; formation of 2-nitroresorcinol, Weselsky and Benedikt, Monatsh., 1880, 
1, 894: see also Chapman and Stephen, J., 1925, 127, 885; Dischendorfer, loc. cit.). Among 
already disubstituted resorcinols, a unique position is occupied by 4 : 5-dimethoxyresorcinol, 
which reacts only in position 2 (Baker, Nodzu, and Robinson, J., 1929, 76; Baker and 
Robinson, ibid., p. 153), this curious result being undoubtedly associated with the extremely 
powerful para-directing influence of the veratrole group. 

The following table gives those (unmixed) disubstitution products which can be obtained 
either by direct introduction of groups into resorcinol, or by migration from the oxygen 
atoms, the relevant references in each case being appended. 


Disubstituted Resorcinols. 
Positions 2: 4-: 
— NO? CHO*® CO-CH,*® CO-R14 N:NAr* 


Positions 4: 6-: 
Cit Br* I*% SO,H* CO,H*® CH,°CH:CH,* — — CO-CH, * CO-R#2 N:NAr** 


1 Mettler, Ber., 1912, 45, 802; Weiss and Kratz, Monatsh., 1929, 51, 386. * Zehenter, Monaitsh., 
1887, 8, 296. * Nicolet and Sampey, J. Amer. Chem. Soc., 1927, 49, 1796; definite proof of this orient- 


ation is lacking. * Kaufmann and de Pay, Ber., 1904, 37, 725. ° Spath, Klager, and Schlésser, Ber., 
1931, 64, 2206. * Hurd, Greengard, and Pilgrim, J. Amer. Chem. Soc., 1930, 52, 1700; definite proof 
of this orientation is lacking. * von Kostanecki, Ber., 1887, 20, 3133; Orndorff and Nichols, J. Amer. 
Chem. Soc., 1923, 45, 1536. * Baker, Kirby, and Montgomery, J., 1932, 2876. * By rearrangement of 
4-O-acetylresacetopherione and of resorcinol diacetate, accompanied by the 4: 6-isomeride; this paper; 
Rosenmund, Buchwald, and Deligiannis, Joc. cit. 1° By migration of resorcinol diacetate or of 2-O- 
acetylresacetophenone; for references see Baker, Joc. cit.; also as under*®. 141 Rosenmund, Buchwald, 
and Deligiannis, Joc. cit. % Wittig and Richter, Ber., 1926, 59, 116; Klarmann, J. Amer. Chem, Soc., 
1926, 48, 2358. %* Coupling in very weakly alkaline, neutral, or acid solution; Liebermann and von 
Kostanecki, Ber., 1884, 17, 880; von Kostanecki, Ber., 1887, 20, 3137; Orndorff and Ray, Amer. Chem. 
J., 1910, 44, 1. ™ In solutions of caustic alkalis; von Kostanecki, Ber., 1888, 21, 3117; Orndorff 


and Ray, /oc. cit. 
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The position taken up by the second entering atom or group depends primarily on the 
nature of the first substituent in position 4, and, in the absence of disturbing factors, the 
second substituent enters position 6 to give the symmetrical 4 : 6-disubstituted resorcinol, 
and the extremely rare substitution of resorcinol in position 2 does not occur. A brief 
account of these substitutions may now be given. 

Dihalogenoresorcinols—The intermediate 4-halogenoresorcinols (as XIII) are feebly 
chelated (Sidgwick, J., 1920, 117, 389; Sidgwick and Turner, J., 1922, 121, 2256; Sidg- 
wick and Callow, Joc. cit.), but such chelation cannot depend upon an electromeric transfer 
(thus stabilising the double bonds as in the case of hydroxyl and acetyl), since a halogen 
atom cannot increase the number of its free electrons in this way (compare the co-ordinately 
linked oxygen of the nitro-group). The second halogen atom will therefore enter the normal 
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Resorcinoldisulphonic Acid.—Resorcinol-4-sulphonic acid (XIV), even if chelated, must 
substitute in position 6, since, as in the case of the halogens, chelation cannot require the 
fixation of the double bonds of the nucleus. 

Resorcinoldicarboxylic Acid.—Two carboxyl groups may be introduced into resorcinol 
by heating with aqueous sodium bicarbonate under pressure, or by similar methods. The 
intermediate resorcinol-4-carboxylic acid (8-resorcylic acid) will be present in its ionised 
form (XV), which may or may not be chelated. In either case the double bonds in the 
nucleus are left free to move (compare the first chelation of the nitro-group, and the chel- 
ation of the halogen compounds) and the second carboxyl group will enter position 6. 
Even in its non-ionised form (XVI), whether chelated or not, 8-resorcylic acid must sub- 
stitute in position 6; the chelation between the carbonyl group and the adjacent phenolic 
hydroxy] group will be made possible as the result of electromeric change within the carboxyl 
group as indicated, and the electromeric drift from the phenolic oxygen (with consequent 
fixing of the double bonds) will not be called upon. Thus, in no circumstances will chel- 
ation between a carboxyl (or carboxylic ester) and a hydroxyl group require the presence 
of a double bond in the nucleus. This view harmonises with the facts that @-resorcylic 
acid is chlorinated, brominated, and nitrated in position 6. 

Diallylresorcinol.—_This compound is prepared by intramolecular rearrangement from 
resorcinol diallyl ether. The intermediate 4-allylresorcinol monoallyl ether, whether 
the 2- or the 4-O-ether, contains no features which would cause substitution to occur in 
position 2. It may, therefore, be prophesied with confidence that diallylresorcinol is the 
4 : 6-derivative. 

Dinitrosoresorcinol.—The dinitrosation of resorcinol is effected in weakly acid solution, 
and the intermediate 4-nitrosoresorcinol (Barberio, Gazzetta, 1907, 37, 577) is produced in 
the free condition. It is not known whether this intermediate nitrosoresorcinol is to be 
regarded as such or as a quinonemonoxime, but the o-nitrosophenols are chelated (2 : 4-di- 
nitrosoresorcinol is volatile in steam and a mordant dye) and whether 4-nitrosoresorcinol is 
chelated as aquinonemonoxime (XVII) or a nitrosophenol (XVIII) (these are electromerides 
and therefore identical) the double bonds of the benzene nucleus are fixed, and nuclear 
activation by the hydroxyl group in position 1 can take place in position 2 but not in posi- 
tion 6 [unless in (XVIII) the activation, in a very unlikely manner, is transmitted right 
round the nucleus]. Further nitrosation will occur, therefore, in position 2, with pro- 
duction of 2: 4-dinitrosoresorcinol. The #-quinonemonoxime structure of 4-nitrosore- 
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sorcinol corresponding to (XVII) would also lead to further substitution in position 2, 
in this case the activating group being the hydroxy] in position 3. 
OH ONa ONa 
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Resorcinol-2 : 4-dialdehyde.—This is prepared by the Tiemann—Reimer reaction and 
isolated in very poor yield by steam distillation from the complex reaction product. By 
analogy with 2: 4- and 4: 6-diacetylresorcinols, only the former of which is appreciably 
volatile in steam, resorcinol-4 : 6-dialdehyde should be but very slightly volatile, and if 
produced during the reaction, would not be isolated in quantity. The 2: 4-dialdehyde is, 
however, isolated in a state of purity, and it is therefore probable that the 4 : 6-dialdehyde 
is produced, if at all, only in minute trace. The resorcinol-2 : 4-dialdehyde is doubtless 
produced in the following manner. The intermediate resorcinol-4-aldehyde in strongly 
alkaline solution is probably the half-ionised disodium salt, best represented as an equi- 
librium between the tautomeric electromerides (XIX), the form (a) being derived from 
the ortho-quinonoid keto-oxymethylene form (such compounds are powerful acids, ¢.g., 
oxymethyleneacetoacetic ester; it is possible that certain o-hydroxy-aldehydes may exist 
in the keto-oxymethylene form even in the free state, ¢.g., m-xylorcylaldehyde, Robertson 
and Robinson, J., 1927, 2197). The structure is exactly analogous to that of the ionised 
carboxyl group, except that in this case the group is extended by the addition of CC. 
Forms (a) and (b) represent the two possible extremes; any departure from (b) must cause 
the fixation of the double bonds as indicated and lead to substitution in position 2. The 
para-quinonoid structure corresponding to (XIX) can also be reactive only in position 2 
[compare the para-quinonoid structure corresponding to (XVII) already mentioned]. 

Diacylresorcinols.—The diacetylresorcinols have already been considered, and may be 
taken as typical of this group of compounds, the arguments being unaffected if the re- 
arrangement is inter- rather thanintra-molecular. The recent preparation of 2 : 4-diacetyl- 
resorcinol by direct rearrangement of resorcinol diacetate in presence of aluminium chloride 
below 130° (Rosenmund, Buchwald, and Deligiannis, loc. cit.) probably proceeds via 2- and 
4-O-acetylresacetophenones, the former being converted into 4 : 6-diacetylresorcinol, and 
the latter undergoing the previously discussed rearrangement with production of 2: 4- 
diacetylresorcinol. 

Bisazoresorcinols.—Except in strongly alkaline solution, coupling occurs in positions 
2and4. Under these conditions the intermediate 4-azo-derivative probably largely exists 
in the o- or p-quinonehydrazone form (compare 4-nitrosoresorcinol) ; in either case further 
substitution must occur in position 2, which is activated by the free hydroxyl group. In 
strongly alkaline solution, however, the compound will exist as the half-ionised disodium 
salt of the true azo-compound (note that simple azo-compounds such as o-hydroxyazo- 
benzene as distinct from, ¢.g., azo-8-naphthol are easily soluble in alkaline solutions) which, 
independently of the position of the negative charge, will undergo further substitution in 
the symmetrical position 6. These explanations are not regarded as final, since cases are 
known where the position taken up by an entering arylazo-group depends upon the nature 
of the diazonium ion. 





EXPERIMENTAL. 


2 : 4-Diacetylresorcinol (I)—-When 4-O-acetylresacetophenone (100 g., crystallised from 
methyl alcohol; Baker, J., 1933, 1385), lump aluminium chloride (100 g.), and nitrobenzene 
(200 c.c.) were warmed to 70° with gentle agitation, a fairly vigorous reaction set in and the 
temperature rose to about 115°. After the product had cooled to 70°, it was heated with water 
(500 c.c.) and concentrated hydrochloric acid (250 c.c.) on the steam-bath till the aluminium 
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chloride complex had decomposed. The nitrobenzene layer was run off, the residual liquid 
extracted with a little carbon tetrachloride, the nitrobenzene and the extract united and shaken 
with concentrated hydrochloric acid (100 c.c.), then with a little water, and the phenolic products 
extracted by shaking twice with 10% sodium hydroxide solution (400 c.c. and 100 c.c.). The 
alkaline liquids were shaken with a little ether, acidified with hydrochloric acid, and cooled to 
0°, and the solid product was collected after a few hours, crushed under methyl alcohol (100 c.c.), 
washed with methyl alcohol (50 c.c.), dried at a moderate temperature (yield, 50 g. of a very 
pale brown, crystalline product), and briskly extracted (Soxhlet) with light petroleum (400 c.c. ; 
b. p. 60—80°) for l hour. Crystalline 2 : 4-diacetylresorcinol (26-3 g., m. p. 85—-87°) separated 
in the flask. The residue in the thimble (about 19 g.) was a mixture of 4 : 6- and 2 : 4-diacetyl- 
resorcinol which could not be efficiently separated. 

2: 4-Diacetylresorcinol Dimethyl Ether.—To 2: 4-diacetylresorcinol, covered with acetone, 
methyl sulphate (very large excess) and 30% potassium hydroxide solution were alternately 
added, the mixture being allowed to boil. Extraction of the alkaline liquid with ether yielded 
an oil, which solidified and then separated from light petroleum (b. p. 40—60°) in prismatic 
needles, m. p. 65°, b. p. 187°/15 mm. (Found: C, 64:8; H, 6-5. C,,H,,O, requires C, 64-9; 
H, 6-3%). 

Resacetophenone 2-O-Methyl Ether (isoPaeanol).—(A) Resorcinol monomethyl ether was 
shaken in sodium hydroxide solution with acetic anhydride at 0°, and the product distilled in a 
vacuum. The acetyl derivative (37 g.) in nitrobenzene (50 c.c.), and aluminium chloride (37 g.) 
were heated to 50°; a fairly vigorous reaction then set in and the temperature was kept at about 
90°. After 4 hour, the product was decomposed by dilute hydrochloric acid and steam-distilled 
for 5 hours. The distillate yielded paeanol (21-6 g.); the remaining liquor was extracted with 
warm benzene and yielded, after crystallisation from water (charcoal), isopaeanol, m. p. 138° 
(1-6g.). (B) A mixture of resorcinol monomethy] ether (100 g.), acetonitrile (60 g.), zinc chloride 
(40 g.), and ether (400 c.c.) was saturated with hydrogen chloride (Hoesch, Ber., 1915, 48, 1122). 
After 2 days the ketimine was completely precipitated by the addition of fresh ether, and was 
hydrolysed by heating for 4 hours with dilute hydrochloric acid under benzene. The benzene 
layer yielded a pasty mixture of paeanol and isopaeanol, which, after crystallisation from the 
minimum quantity of a 50% mixture of chloroform and carbon tetrachloride, yielded isopaeanol 
(9-2 g.). The non-crystalline product was distilled in steam, the distillate yielding paeanol 
(15 g.) and the residue a further quantity of zsopaeanol (4 g.). 

isoPaeanol Acetate.—isoPaeanol, acetic anhydride, and sodium acetate were boiled for 2 
hours, the product shaken with water and extracted with ether, and the extracts shaken with 
sodium carbonate solution, dried, and distilled under diminished pressure. The distillate 
solidified on cooling, and, after washing with ligroin, had m. p. 34° (Found: C, 63-8; H, 5-8. 
C,,H,,0, requires C, 63-5; H, 5-8%). 

Migration of isoPaeanol Acetate.—isoPaeanol acetate (10 g.), nitrobenzene (20 c.c.), and 
aluminium chloride (10 g.) were warmed to 70°; a gentle reaction then set in, the temperature 
rising to 90°. The product was decomposed by heating with water (50 c.c.) and concentrated 
hydrochloric acid (25 c.c.) and extracted with chioroform, and the mixture of phenolic products 
separated from the chloroform by shaking with 10% sodium hydroxide solution. This was then 
methylated with a very large excess of methyl sulphate and alkali under acetone, and yielded 
an oil which was steam-distilled for several hours. From the distillate, ether extracted resaceto- 
phenone dimethyl ether, m. p. 37° (the pure substance has m. p. 40°); the product could there- 
fore contain at most only a minute trace of 2: 4-diacetylresorcinol dimethyl ether, which is 
easily volatile in steam. The residue from the steam distillation consisted of 4 : 6-diacetyl- 
resorcinol dimethyl ether, m. p. 171°, and a further quantity of resacetophenone dimethyl] ether. 

5-Nitroresacetophenone.—Resacetophenone (20 g.) was shaken with nitric acid (100 c.c.; 
d 1-42) at 30—40°. After 10 minutes, water was added and the solid was collected, washed, 
and crystallised from methyl] alcohol (charcoal), forming amber-coloured prisms (9 g.), m. p. 142° 
(compare Nencki and Sieber, /oc. cit.). 

5-Nitrohydroxyquinol Trimethyl Ether.—5-Nitroresacetophenone (8 g.) in N-sodium hydroxide 
(160 c.c.) was treated with 3% hydrogen peroxide (100 c.c.) in an atmosphere of coal gas. The 
temperature rose from 18° to 42° and after an hour the liquid was acidified, cooled to 0°, filtered 
from unchanged resacetophenone (0-3 g.), and extracted six times with ether. The extracts 
yielded a brownish-orange crystalline residue (3-5 g.) of 5-nitrohydroxyquinol, which was directly 
methylated with methyl sulphate and potassium carbonate in acetone for 10 minutes. After 
heating with water, and addition of dilute sodium hydroxide solution, ether extracted 5-nitro- 
hydroxyquinol trimethyl ether, which separated from alcohol in thin yellow needles, m. p. 131° 
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(alone or mixed with a specimen prepared by the direct nitration of hydroxyquinol trimethyl 
ether). 
a Dimethyl Ether.—(a) 5-Nitroresacetophenone was methylated in 
alcohol by vigorous treatment with a large excess of methyl sulphate and aqueous potassium 
hydroxide. The solid crystallised from alcohol, in which it was sparingly soluble, in small 
prismatic needles, m. p. 180° (Found: C, 53-5; H, 5-1; N, 6-3. Cy 9H,,O,N requires C, 53-3; 
H, 4-9; N, 62%). The same compound (mixed m. p.) was also produced by the methylation 
of nitropaeanol (Adams, /oc. cit.). A compound, m. p. 131°, supposed to be nitropaeanol methyl 
ether (Found : N, 6-2%), is described by Adams, but it is clear that the compound must possess 
some other constitution. The substance turned yellow-red on exposure to light, and with 
phenylhydrazine in alcohol gave at once nitropaeanol phenylhydrazone, so that methylation 
could not have occurred under the mild conditions employed. 

2-Nitro-4 : 6-diacetylresorcinol.—4 : 6-Diacetylresorcinol (4 g.) and nitric acid (40 c.c.; 
d 1-42) were warmed to 80°; a gentle reaction then set in, and the temperature was kept just 
below 80°. After 2 hours at room temperature, the liquid was diluted, and the solid recrystal- 
lised from alcohol, in which it was very sparingly soluble, forming thick hexagonal plates, m. p. 
235° (decomp.) (Found: C, 50-4; H, 3-7; N, 5-6. Calc. for C,,H,O,N: C, 50-2; H, 3-8; N, 
5°8%). Its alcoholic solution gives a bright orange-red colour with ferric chloride. With 
aqueous sodium hydroxide the crystals are coloured orange, and dissolve to give a yellow solu- 
tion. Adams (loc. cit.) describes the substance as white needles, m. p. 231°. 

3-Nitrocatechol.—3-Nitroveratrole (10 g.; Baker and Smith, J., 1931, 2548) was refluxed 
for 12 hours with acetic acid (50 c.c.) and hydrobromic acid (50 c.c.; d 1-5). The product was 
poured into water (300 c.c.), extracted with ether, dried, and distilled under diminished pressure, 
and the solid 3-nitrocatechol was recrystallised from light petroleum (b. p. 60—80°) and obtained 
as quinone-coloured prismatic needles (7 g.), m. p. 86°. 


The author’s thanks are due to the Chemical Society for a grant, to Mr. A. E. Finn, B.Sc., 
for data relating to the melting points under water, to Mr. D. C. Quin, B.A., for permission to 
record the molecular weights of the nitrophenols, and in particular to Dr. N. V. Sidgwick, F.R.S., 
for the frequent opportunities which he has had of discussing the work with him, and in collabor- 
ation with whom further aspects of the subject are being investigated. 
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370. The Fission of Aryltrimethylammonium Chlorides in Aqueous 
Solution by Means of Sodium Amalgam. 


By P. GROENEWoUD and ROBERT ROBINSON. 


THERE are relatively few recorded observations of the reductive fission of quaternary salts 
derived from aromatic amines, although a wide range of structures has been examined 
in connexion with the development of Emde’s useful alternative to exhaustive methylation 
of cyclic bases (compare a survey by Emde and Kull, Arch. Pharm., 1934, 272, 469). 
Willstatter and Khan (Ber., 1904, 37, 1859) showed that benzbetaines, for example, o- 
benzbetaine, are readily reduced by sodium amalgam in aqueous solution, furnishing 
benzoic acid and trimethylamine : 


CR Ht, Cn + NMe, 


Later, Emde (Arch. Pharm., 1909, 247, 385) found that phenyltrimethylammonium iodide 
was for the most part unchanged by sodium amalgam in neutral solution; some dimethy]l- 
aniline, but no trimethylamine, was formed. Fichter (Helv. Chim. Acta, 1933, 17, 571) 
obtained similar results with lead amalgam; Emmert (Ber., 1909, 42, 1507, 1997) had, 
however, shown that the quaternary iodide yields benzene and trimethylamine when 
reduced at a lead cathode. 

We have found that the aryltrimethylammonium chlorides can be reduced by means of 
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clean sodium amalgam, provided that a sufficient excess of the reagent is employed (we have 
used 12 times the theoretical amount). Great care has been taken to ensure purity of the 
salts reduced and the standard method involved carrying the reaction out at 95—100° and 
estimation of the trimethylamine and primary aromatic amine produced. 

One comparison of the different salts employed could be made, approximately, on the 
basis of the percentage of salt decomposed under standard conditions. A second com- 
parison is concerned with the direction of fission, either to tertiary aromatic amine and 
methane or to aromatic hydrocarbon (or substituted hydrocarbon) and trimethylamine. 
The salts studied and the results were the following, calculated on the assumption that the 
percentage of reacting molecules yielding aromatic tertiary base is 100 minus the figure in 
the second column : 

% Reacting molecules 
Salt reduced. % Salt decomposed. yielding trimethylamine. 


Phenyltrimethylammonium chloride 44—46 711 
o-Tolyl “ 88—90 62°9 
m-Tolyl oo 61—63 60°1 
p-Tolyl ” 27—30 30°8 
o-Anisyl i 34—37 88°6 
m-Anisyl i" 62°5—65°5 64 

p-Anisyl “ wes 20°2 
3-Diphenylyl ia : 92°5 
4-Diphenylyl é ; 85°8 
p-Naphthyl ; 94°7 


The ready fission of the salts derived from diphenyl and from naphthalene and the high 
yield of trimethylamine obtained in these cases point to the fact that increased unsatur- 
ation of the aryl group facilitates the reaction by increasing the rate of fission between the 
nitrogen atom and the aromatic nucleus. 

It is, however, extremely difficult to generalise on the basis of these results, which 
evidently represent the combined operation of several factors. 


EXPERIMENTAL. 


Phenylirimethylammonium Chloride.—Dimethylaniline and methyl sulphate combined in dry 
benzene solution with evolution of heat and the crude solid methosulphate (yield, 90%) crystal- 
lised from acetone in long stout needles, m. p. 126° (Vorlander and Siebert, Ber., 1919, 52, 284, 
give m. p. 71—92°, apparently fora crude product). The related picrate crystallised from ethyl 
alcohol in stout yellow needles, m. p. 123—124° (large depression on admixture with picric acid) 
(Found: C, 49-6; H, 4-4; N, 15-9. C,,;H,,O,N, requires C, 49-5; H, 4-4; N, 15-4%). The 
pure picrate was dissolved in methyl-alcoholic hydrogen chloride, and the chloride precipitated 
by means of ether as a liquid which solidified over phosphoric oxide in a desiccator. Careful 
repetitions of the process gave crystalline precipitates and ultimately a white crystalline material, 
m. p. 220° (decomp.), free from picric acid, very hygroscopic, and readily soluble in water and 
the simple alcohols, was obtained (Found in material dried at 110° ina high vacuum: C, 62-5; 
H, 8-1; N, 7-9; Cl, 20-4. C,,.H,,NCl requires C, 63-0; H, 8-2; N, 8-2; Cl, 20-7%). 

Reduction of Phenylirimethylammonium Chloride.—The reductions were carried out in a 
distilling flask, heated on the steam-bath, and in a current of carbon dioxide (the reaction of the 
solution was usually on the alkaline side); the side tube of the flask was inclined upwards and 
water-jacketed to act as a reflux condenser and the gases were then passed through known 
volumes of standard hydrochloric acid contained in two flasks connected in series : the trimethyl- 
amine collected by the acid and the dimethylaniline remaining in the flask were estimated. 

In this case the dried salt (3 g.) was dissolved in water (60 c.c.) and reduced by the gradual 
addition of sodium amalgam (450 g. of 1%) (compare ‘‘ Organic Syntheses,” VIII, 89) through a 
tap funnel during 4-5—5 hours. The reduction was continued for 6 hours after the amalgam 
had been introduced. 

The base remaining in the flask was identified as dimethylaniline (picrate, m. p. 163°; 
platinichloride, m. p. 171—172°) and it was free from monomethylaniline as shown by attempted 
fractionation of the platinichloride, which proved to be homogeneous (compare Emde, Arch. 
Pharm., 1909, 247, 77). The volatile base collected in the hydrochloric acid (100 c.c. of N/10) 
was proved to be pure trimethylamine (hydrochloride, m. p. 274°; picrate, m. p. 216°; platini- 
chloride, m. p. 240—245°, all with decomp.). The trimethylamine was estimated by titration 
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(Found: yield of NMe;, based, as in all figures quoted in the experimental section, on the 
percentage of the theoretical yield from the amount of quaternary salt employed, ot from the 
salt undergoing change, 33-3, 32-6, 30-3, 30-9, 29-5%). 

The liquid remaining in the flask was acidified with hydrochloric acid, the solution evaporated 
to dryness, the dry residue extracted with absolute alcohol, and the solvent removed. The 
content of dimethylaniline in this residue was determined by titration with a solution of p-nitro- 
benzenediazonium chloride prepared as described by Bucherer (Z. angew. Chem., 1907, 20, 877) 
and standardised by means of a solution of pure dimethylaniline (1-62 g. in 100 c.c.) in dilute 
hydrochloric acid (Found: yield of NPhMe,, 12-8, 12-2, 14:0%). It should be noted that the 
variations in the yields affect chiefly the value for the percentage of salt decomposed ; the ratio 
of fission in the two possible directions was found to be much more constant. In some of the 
examples mentioned below, the aromatic tert.-base and the neutral product were together isolated 
by means of ether and the base was separated by washing the ethereal solution with dilute 
hydrochloric acid. 

In some cases the unchanged quaternary salt was recovered and the total products accounted 
for by actuai isolation amounted to 94% of the theoretical, sometimes more, and never less than 
90%. 
o-Tolylirimethylammonium Chloride.—o-Toluidine was methylated by vigorously stirring 
a mixture with methyl sulphate and aqueous sodium hydroxide on the steam-bath, with addition 
of the reagents when necessary, until a test portion gave no separation of a base on the addition 
of an excess of sodium hydroxide. The precipitation of the picrate from this solution (which 
succeeds in many similar cases) is not very satisfactory owing to the difficulty of methylation of 
o-toluidine and the necessary accumulation of sodium salts causing sodium picrate to separate. 

Eventually o-toluidine (1 mol.) was heated with methyl] sulphate (1-75 mols.) at 135—140° 
for 4 hours and the N-dimethyl-o-toluidine, b. p. 183—184°, isolated (yield, 35—45%). This 
base was combined with methyl] sulphate, and the product methylated as first described : in this 
way full methylation is possible without addition of too large an excess of sodium hydroxide. 

The picrate precipitated from the acidified solution crystallised from alcohol in needles, 
m. p. 112-5—113° (compare Vorlander, Ber., 1919, 52, 598) (Found: C, 50-6; H, 4-8; N, 15-0. 
Calc. for C,,H,,0,N,: C, 50-8; H, 4-8; N,14:8%). The picrate was not found to bea suitable 
salt from which to obtain the chloride and it was necessary to prepare the pure iodide (von Braun, 
Ber., 1916, 49, 1107) and treat this in aqueous solution with silver chloride. The filtered 
solution was evaporated to dryness; the viscous residue crystallised in a desiccator and then 
separated in long needles on careful addition of dry ether to a solution in absolute methy] 
alcohol (Found in anhydrous material: C, 64-9; H, 8-7; N, 7-6. CH, gNCl requires C, 64-7; 
H, 8-6; N, 7-6%). This salt is hygroscopic and readily soluble in water and the simple alcohols. 

Reduction, The chloride was reduced as described for the lower homologue and the /ert.- 
base produced was identified as dimethyl-o-toluidine (picrate, m. p. 124—125°). The trimethyl- 
amine was estimated as before (yield of NMe,, 56-1, 56-0, 57-7%), but the aromatic éert.-base 
could not be estimated by coupling with a diazonium salt and recourse was had to a bromination 
method. This was carried out in dilute hydrochloric acid solution at 0° and the potassium 
bromate solution employed was standardised by means of the pure dimethyl-o-toluidine (Found : 
bromine used by 1 g.-mol. of the base, 165, 164, 169 g. Theory, 160 g.) (Found: yield of 
C,H,Me-NMezg, 32-6, 34-7. 33-0%). 

m-Tolylirimethylammonium Chloride-—m-Toluidine, prepared from aceto-p-toluidide by 
nitration and the known series of reactions, was readily methylated by the methyl sulphate- 
aqueous sodium hydroxide method. The picraie precipitated after acidification crystallised 
from alcohol in light yellow needles or short rods, m. p. 108° (Found: C, 50-8; H, 4-8; N, 
14-8% ). The chloride was obtained by repeated precipitation from a solution in methyl- 
alcoholic hydrogen chloride by ether, at first as an oil and later asa solid. It is somewhat less 
hygroscopic than the isomeric salts and the slender needles have m. p. 180—185° (decomp.) 
(Found : C, 64-7; H, 8-5; N, 7-6%). 

Reduction. This was carried out as usual, and the aromatic fert.-base produced identified 
as N-dimethyl-m-toluidine (picrate, m. p. 130°, alone or mixed with an authentic specimen) ; 
the hydrocarbon product was toluene (the formation of hydrocarbons, benzene, toluene, etc., and 
also anisole in the appropriate cases was always observed but is not recorded in each example). 
The trimethylamine was estimated as usual, and the aromatic /ert.-base by the diazo-coupling 
method (Found : yield of NMe,, 37-5, 37-1, 36-5% ; yield of CSH,Me-NMezg, 25-0, 24-8, 24-9%). 

p-Tolylirimethylammonium Chloride.—Methy] sulphate and sodium hydroxide were used to 
trimethylate p-toluidine and the picrate was precipitated in 69% yield. The derivative crystal- 
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lised from ethyl alcohol in yellow needles, m. p. 193—198° (Found : C, 50-9; H, 4-9; N, 14-8%). 
The chloride, obtained as usual, is very hygroscopic (Found : C, 64-2; H, 8-5; N, 7-8%). 

Reduction. The process was not varied; the aromatic fert.-base produced was N-dimethyl- 
p-toluidine [picrate, m. p. 130°; platinichloride, m. p. 168—174° (decomp.); methiodide, 
characteristic plates, m. p. 218—220° (subl.)]. This base was estimated by bromination (we 
consider that the yields given in the literature for the formation of the dimethyltoluidines by 
the direct action of methyl sulphate on the primary bases are overstated; in spite of careful 
work we achieved consistently only about one-half of the amount claimed) (Found: yield of 
NMe;, 8-8, 8-5, 8-8, 9:39%; yield of CsgH,Me-NMe,, 20-1, 21-0, 18-5%). Large amounts of 
unchanged quaternary chloride were recoverabie. 

o-Methoxyphenyltrimethylammonium Chloride.—Although o-anisidine is an o-substituted 
aniline, it could be fully methylated by means of methyl sulphate and aqueous sodium hydroxide 
at 100°. The picrate was precipitated from the acidified resulting solution in 78% yield; the 
light yellow flakes that separated from alcoholic solution had m. p. 125° (Found: C, 48-6; H, 
4-7; N, 14:2. C,.H,,0,N, requires C, 48-7; H, 4-5; N, 14:2%). The chloride separated in 
well-formed needles when a solution of the picrate in methyl-alcoholic hydrogen chloride was 
mixed with ether; it wasrecrystallised in the same way, m. p. 140° (decomp.) (Found in an- 
hydrous material: C, 59-5; H, 8-0; N, 6-7. Cy9H,s,ONCI requires C, 59-5; H, 8-0; N, 7-0%). 

Reduction. The standard method was employed, and the aromatic tert.-base determined by 
diazo-coupling (Found: yield of NMe,, 31-6, 30-2, 31:0%; yield of MeO-C,H,-NMe,, 3—5%). 
The method in this case was rather unsatisfactory and bromination was still less reliable; 
however, it is certain that the amount of dimethyl-o-anisidine formed is very small. 

m-Methoxyphenylirimethylammonium Chloride.—m-Anisidine was readily methylated by 
means of methyl sulphate and aqueous sodium hydroxide, and the picrate was precipitated from 
the resulting solution as a paste which changed into large needles (yield, 94%). It crystallised 
from alcohol in light yellow needles, m. p. 132-5—133-5° (Found : C, 49-1; H, 4-7; N, 14-0%). 
The readily soluble and hygroscopic chloride crystallised from ether—alcoholic hydrogen 
chloride in needles, which began to melt and decompose at 195° (Found in anhydrous material : 
C, 59-6; H, 7-9; N, 6-9%). 

Reduction. Under the standard conditions, anisole, N-dimethyl-m-anisidine, and trimethyl- 
amine were recognised as products of the reaction (Found: yield of NMe;, 41-3, 40-1, 42-8, 
41-8%; yield of MeO-C,H,-NMe, by diazo-coupling, 24-1, 22-3, 23-0%). 

p-Methoxyphenyltrimethylammonium Chloride.—The picraie was obtained like the m-isomeride 
(yield, 80%), orange needles, m. p. 176—177° (Found: C, 48-7; H, 4-6; N, 14-:3%). The 
chloride is freely soluble in water and the simple alcohols; it crystallises from ether—methyl- 
alcoholic hydrogen chloride in colourless needles which begin to melt and decompose above 200° 
(Found in anhydrous material: C, 59-2; H, 7-9; N, 7-0%). 

Reduction. Anisole, trimethylamine, and N-dimethyl-p-anisidine, m. p. 49°, were recognised 
products of the standard process (Found: yield of NMe,, 12-7, 14-0, 13-4, 12-9%; yield of 
MeO-C,H,*NMe, by diazo-coupling with p-nitrobenzenediazonium chloride with the use of 
salt and an end-point compared with that obtained with the pure synthetic base, 54-1, 52-3, 
531%). 

3-Diphenylylirimethylammonium Chloride.—3-Aminodiphenyl was prepared by Fichter’s 
method (Ber., 1904, 37, 883) and methylated by means of an excess of methyl sulphate and 
aqueous sodium hydroxide on the steam-bath. The picrate (yield, 74%) crystallised from hot 
water or alcohol in yellow leaflets, m. p. 166—167° (Found: C, 57-4; H, 4:9; N, 12-8. 
C,,H0,N, requires C, 57-3; H, 4-5; N, 12-7%). The chloride, obtained in the usual way, 
crystallised in colourless plates, m. p. above 200° (decomp.) and although readily soluble in 
water and alcohol it was not markedly hygroscopic (Found in anhydrous material: C, 73-0; 
H, 7-3; N, 5-4. C,;H,,NCl requires C, 72-7; H, 7-4; N, 5-6%). 

Reduction. As the reduction proceeded very readily, the sodium amalgam employed was 
75% of that used in the preceding cases. Actually, one-half of that amount suffices to bring 
about a completed reaction. It should also be noted that in this and the other cases the 
quaternary salt employed was proved to be stable towards hot dilute sodium hydroxide solution 
(3 g., heated at 100° with 50 c.c. of 8% solution, remained unchanged after 8 hours). 

Dipheny! was proved to be the main product of the reaction, and the small amount of 
aromatic tert.-base formed had the properties of 3-dimethylaminodipheny] (see below) (Found : 
yield of NMey, 82-9, 83-4, 83-9% ; yield of Ph-C,H,-NMe, by diazo-coupling, 6-5, 7-5, 6-3%). 

3-Dimethylaminodiphenyl.—(A) A vigorously stirred aqueous suspension of 3-aminodiphenyl 
(1 mol.) and methyl sulphate (2 mols.) was heated on the steam-bath for 1 hour, and the base 
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isolated, b. p. 171—173°/12 mm. (Found: C, 85-5; H, 7-5; N, 7-2. C,,H,,N requires C, 85-3; 
H, 7-6; N,7-1%). The pale yellow, viscous oil exhibits a violet fluorescence; it isa weak base 
and its hydrochloride is partly decomposed on dilution of the aqueous solution. The methiodide 
crystallises from water in elongated plates, m. p. 182—183°, and affords the above-described 
quaternary picrate, m. p. 167°, on treatment with aqueous picric acid. 

(B) The quaternary chloride, or the iodide, m. p. 182° (prepared in 90% yield by addition 
of potassium iodide to the methylation product of 3-aminodiphenyl), was boiled with isoamyl 
alcohol containing sodium hydroxide; the ¢ert.-base can then be isolated in good yield (10 g. of 
the chloride gave 6-5 g.), b. p. 171—173°/12 mm. 

6-Nitroso-3-dimethylaminodiphenyl.—A solution of sodium nitrite (5-5 g.) was added to one of 
3-dimethylaminodipheny] (14 g.) in concentrated hydrochloric acid (23 c.c.) and water (100 c.c.) 
cooled in a freezing mixture and well stirred. After about 30 minutes the hydrochloride of the 
nitroso-compound, which filled the liquid, was collected (14 g.); it crystallised from water in 
slender yellow needles, m. p. 218—220° (decomp.). The free nitroso-base was obtained as a 
green precipitate and collected by means of chloroform; it crystallised from aqueous acetone 
(1: 1) in clusters of flat pointed needles, m. p. 121—122° (Found: C, 74-1; H, 6-4; N, 12-4. 
C,,H,,ON, requires C, 74-3; H, 6-2; N, 12-4%). The substance dissolves in ether and other 
neutral solvents to deep green solutions, and on evaporation of an ethereal solution it separates 
as green cubes. It is readily soluble in alcohol and may be crystallised from this solvent; it is 
sparingly soluble in light petroleum. The solution in sulphuric acid has a bright red colour, but 
no evidence of anticipated ring-closure to a carbazole derivative was obtained. Several typical 
oxazines, indamines and indophenols were derived from this nitroso-base, following well- 
known analogies; the pigments were all more sparingly soluble than the corresponding sub- 
stances from p-nitrosodimethylaniline; no very characteristic properties of these dyes were 
noted. 

4-Diphenylylirimethylammonium Chloride.—The picrate of the fully methylated primary base 
was prepared as usual; it crystallised from alcohol, in which it was sparingly soluble, in large 
plates, occasionally pointed, m. p. 153° (Found: C, 57-1; H, 4-4; N, 13-0%). Them. p. was 
unchanged by many crystallisations and the derivative was also obtained from the bromide, 
m. p. 222°, described by Vorlander et alios (Ber., 1925, 58, 1909); consequently the picrate, 
m. p. 310°, mentioned by these authors is erroneously described. The chloride, obtained in the 
usual way, is not very hygroscopic; it begins to melt and decompose at 205—208° (Found in 
anhydrous material: C, 72-4; H, 7-4; N,5-8%). This salt was found by direct experiment to 
be completely stable in alkaline solution under more drastic conditions than those employed in 
the reduction process, and for a longer time. 

Reduction. This occurs readily under the standard conditions and the amount of sodium 
amalgam used can be reduced to 150 g. without affecting the results. Diphenyl and 4-dimethy]l- 
aminodipheny] were isolated and recognised products of the reduction. 

The 4-dimethylaminodiphenyl formed could not be estimated by coupling with -nitro- 
benzenediazonium salts, and bromination again proved a suitable alternative, giving results that 
compared reasonably well with those obtained by direct isolation and weighing, which is feasible 
inthiscase. The bromination was carried out at 0° in dilute hydrochloric acid solution by means 
of an excess of potassium bromate (iodometric back-titration) standardised by means of pure 
4-dimethylaminodiphenyl (Found : yield of NMe,, 81-4, 82-0, 81:0%; yield of Ph-C,H,-NMe, 
by isolation, 12-6, 14-2, and by bromination, 13-8, 15-0%). 

2-Naphthylirimethylammonium Chioride.—8-Naphthylamine was methylated under the 
usual conditions and the quaternary iodide separated in plates on the eventual addition of 
potassium iodide; this derivative was recrystallised several times from water, forming well- 
shaped tablets, m. p. 190°. The chloride was obtained by means of silver chloride in aqueous 
suspension and, after evaporation of its solution to dryness, the salt was crystallised from methyl 
alcohol-ether; m. p. 173—174° (Found in anhydrous material: C, 70-2; H, 7-4. C,,;H,,NCl 
requires C, 70-4; H, 7:2%). 

Reduction. The standard method was used (amalgam, 350 g., however), but the amount of 
sodium amalgam used could be greatly diminished (180 g. in some experiments), as the reduction 
isa particularly facileone. Naphthaleneand trimethylamine were definitely identified products, 
but the 2-dimethylaminonaphthalene was obtained in small yield and was recognised by its 
reactions and by the preparation of a not quite pure picrate, m. p. 187°, not depressed by 
admixture with the pure derivative, m. p. 188—189°. 

The 2-dimethylaminonaphthalene used for the standardisation of the diazo-solution was 
prepared by decomposition of the quaternary hydroxide; it had m. p. 46-5° after three crystal- 
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lisations from aqueous alcohol (compare Bamberger and Miiller, Ber., 1899, 22, 1306). The 
stability of the quaternary salt under the conditions of the experiment was proved; no decom- 
position occurred in 7 hours when a 4% solution of the salt in 10% aqueous sodium hydroxide 
was heated on the steam-bath (Found: yield of NMeg, 85-5, 86-2%; yield of C,,H,-NMe, by 
diazo-coupling, 4-0, 4-4, 5-2%). 

The authors wish to thank Professor Hermann Emde for his courteous concurrence in the 
planning of this investigation. 
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371. Volume Effects of Alkyl Groups in Aromatic Compounds. Part VI. 
The Constitution of the Iodo-p-cymene formed by Direct Iodination of 
the Hydrocarbon. 

By S. N. GANGuLY and R. J. W. LE FEvRE. 


In Part II (J., 1933, 980) it was shown inter alia that during the chlorination and bromin- 
ation of p-cymene the methyl apparently exerted a greater o-directive power than did the 
isopropyl group and it was suggested that this unexpected order was due to the relative 
insignificance in this hydrocarbon of the “ inductive effects’ of the two alkyl radicals 
concerned compared with their more widely different space-filling capacities (compare 
Chem. and Ind., 1933, 52, 505). 

On such a view the volumes of the effective parts of chemically similar attacking re- 
agents would not greatly alter the ratio of 2- to 3-substitution from one case to another— 
only the rates of total substitution should be considerably affected. It therefore followed 
that during the iodination of cymene the iodo-group should enter the 2-position almost 
exclusively, the orientation thus resembling that of the two other halogenations mentioned. 

Nevertheless, this process has been stated (Klages and Storp, J. pr. Chem., 1902, 65, 
572) to give 3-iodocymene as the only isolable product. Now, such a result is only con- 
sistent with the actual initial substitution having paralleled that by chlorine or bromine if 
2-iodocymene is more rapidly reduced by hydrogen iodide than is its isomeride. Rough 
comparative experiments indicate that this is not the case and that cymene is re-formed 
from both iodohydrocarbons with equal readiness; for this reason, therefore, and because 
the formation of a 3-substituted derivative seemed unlikely by analogy, we have made a 
comparison between the direct iodination product and synthetically prepared 2- and 3- 
iodo-p-cymenes. 

Care was taken to prevent the latter being mixtures inter se: the cymidine hydro- 
chloride from which the 2-iodo-compound was obtained by diazotisation was recrystallised 
several times from dilute hydrochloric acid to ensure freedom from 3-aminocymene hydro- 
chloride. Authentic 3-iodocymene, not having been previously described, was procured 
in low yields by the following sequence, the last stage of which was based on the work of 
Datta and Mitter (J. Amer. Chem. Soc., 1919, 41, 287) : 


Me Me 


Me Me 
OH ; Or ; Omer ; O: 
8 Pré 8 8 


The direct iodination of cymene has been carried out essentially as prescribed by 
Klages and Storp (loc. cit.); other methods (Téhl, Ber., 1892, 25, 1522; Thyssen, J. pr. 
Chem., 1902, 65, 5; Elbs and Zaroslawzew, ibid., 1913, 88, 92) were also tried but did not 
give improved yields, which were small in all cases. 

The constitution of the product from the last group of experiments was established by 
mixed m. p. determinations made on freshly prepared specimens of the iodo-dichlorides 
of this and the two synthetic iodocymenes. The appropriate data are collected in Table I 
(approximately equal-part mixtures being used in each determination) : 





Ganguly and Le Févre: Volume Effects of 


TABLE I. 
M. p.’s and Mixed M. p.’s of the Iodocymene Dichlorides. 


97° Mixture of 2- and 3- derivatives 
2- and ?- derivatives 
3- and ?- derivatives 


2-Iodocymene dichloride 

3-Iodocymene dichloride ” 

?-Iodocymene dichloride ‘ 
(All m, p.’s are with decomp.) 

It thus appears that direct iodination of cymene produces mainly 2-iodocymene. 
Other isomeric substances (? side-chain substituted derivatives) with b. p.’s close to that of 
the main product are evidently also formed in small amounts and, under the above treat- 
ment, lead to dichlorides the presence of which reduces the m. p. of 2-iodocymene dichloride 
from 97° to 85—86°. 

Four other methods of comparison were also tried. (a) Dinitration and thence the 
isolation of one of the two known dinitropiperidinocymenes was not so successful as was 
the same sequence for the analogous chloro- and bromo-cymenes, because the iodohydro- 
carbons underwent loss of iodine in contact with nitric acid; nevertheless, the crude 
product of nitration remaining after removal of iodine, etc., yielded, by interaction with hot 
piperidine and several recrystallisations, ultimately a pure sample of 3 : 5-dinitro-2-piperi- 
dino-p-cymene identical with that obtained by the dinitration, etc., of 2-chlorocymene from 
carvacrol. (b) Oxidation in all three cases afforded iodoterephthalic acid (Abbes, Ber., 
1893, 26, 2951) and could not be stopped at the keto-acid stage. (c) A series of direct 
observations of mixed m. p.’s of the iodocymenes themselves gave equivocal results, 
possibly owing to difficulties of manipulation. (d) An attempt has been made to apply the 
fact (Rule and McLean, J., 1931, 674) that the specific rotations for the same optically 
active solute dissolved in liquids related as aromatic position isomerides are not identical 
but vary from solvent to solvent. Solutions of menthol ([«] — 59°6° in alcohol) in the 
three monoiodocymenes were accordingly examined polarimetrically, analogous observ- 
ations with the corresponding chloro- and bromo-derivatives being made as checks. 

The results are tabulated below. With the chloro- and bromo-cymenes a slight in- 


crease in the value of the specific rotation ([«]) is observed when the 3- is replaced by the 
2-isomeride. The difference occurs in the same direction between the two synthetic iodo- 
derivatives, and it will be noticed that the specific rotation of menthol in the direct iodin- 
ation product is close to that for this substance in 2-iodocymene, implying essential identity 
of solvents, in agreement with the conclusion stated earlier. 


TABLE II. 


Specific Rotations of 1-Menthol in the Halogenocymenes. 
G./100 c.c. 
Solvent. ° Z (dem.). of soln. Oreos” 
12-082 — §°72° 


2-Chlorocymene 
3-Chlorocymene 
2-Bromocymene 
3-Bromocymene 
2-Iodocymene 
3-Iodocymene 


?-Iodocymene 


Dot tt ett et DD et et et et et es 


8-200 


10°2248 


10°536 
10°162 
10-620 


10-1296 


6°227 
11-164 
10°735 
10-536 
12-498 
13-650 


— 3°88 
— 4°78 
— 4°92 
— 4°76 
— 4°98 
— 9°38 
— 6°34 
— 5°13 
— 4°94 
— 4°76 
— 5°65 
— 6°27 


— 46:0 
— 45:2 
— 45°2 
— 45°9 


EXPERIMENTAL. 


Preparation of 2-lodocymene.—Recrystallised 2-aminocymene hydrochloride (40 g.) was 
suspended in dilute hydrochloric acid (conc. acid, 80 c.c.; water, 60 c.c.) and diazotised 
(sodium nitrite, 15 g., in water, 40c.c.). The clear diazo-solution was treated with a solution 
of potassium iodide (95 g.) in water (150 c.c.), warmed under reflux for 2 hours, and then 
steam-distilled. The oil obtained was extracted with light petroleum and washed with 
aqueous sodium thiosulphate, caustic soda solution, and finally water. The dried (calcium 
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chloride) solution was distilled; 21 g. were collected at 122°/1lmm. (Found: C, 46-9; 
H, 5:1; 1, 48-1. Calc. for C,,H,,1: C, 46-2; H, 5-0; I, 488%). 

Preparation of 3-Iodocymene.—To the ethereal solution obtained by admixture of 3- 
bromocymene (48 g.), dry ether (500 c.c.), and magnesium (6 g.), was added iodine (50 g.), 
dissolved in dry ether (200 c.c.), until the colour of the latter persisted. The product was 
decomposed by water, washed with aqueous sodium thiosulphate and with water, and dried 
over calcium chloride. Distillation afforded (1) p-cymene, b. p. 65—66°/11 mm.; (2) a little 
unchanged 3-bromocymene, b. p. 107—108°/11 mm.; (3) 3-iodocymene, b. p. 125—126°/11 
mm. (yield, 7 g.), as a colourless mobile liquid (Found : C, 46-2; H, 5-0%). 

Direct Iodination of p-Cymene.—A mixture of cymene (67-5 g.), iodine (62-5 g.), alcohol 
(250 c.c.), and iodic acid (20 g., in water, 60 c.c.) was boiled under reflux for 8 hours. The 
liquid product was washed successively with sodium thiosulphate solution, water, a hot 
solution of sodium hydroxide in methyl alcohol, and finally with water. Extraction with light 
petroleum, drying over calcium chloride, and careful fractionation under reduced pressure 
afforded about 12 g. of liquid product, b. p. 120—130°/14 mm. During redistillation of 
several samples together a b. p. of 118—122°/12 mm. was observed (Found: C, 46-3; H, 5-3%). 

Formation of the Iodo-dichlorides of the Preceding Compounds.—The iodohydrocarbons 
were dissolved in 4—5 vols. of dry carbon tetrachloride, cooled to 0°, and a slow current of 
dry chlorine passed through in each case. The dichlorides separated rapidly as yellow 
needles; these were washed with the solvent and rapidly dried in the air for analysis. The 
m. p.’s are given above. These derivatives decomposed spontaneously at room temper- 
ature into red liquids, but could be preserved for several days in the dark at 0°. The 
analytical data are as follow : - 

Found. Calc. for C,,H,,Cl,I. 
’ | im, 
: C. H. 
2-Iodocymene dichloride . : 
3-Iodocymene dichloride ; j \ 36:2 3°9 
?-Iodocymene dichloride 

Oxidation of the Iodocymenes.—The substance (10 g.) was added to 10% sodium hydr- 
oxide solution (80 c.c.) diluted with water (400 c.c.), and the mixture was treated with 5% 
potassium permanganate to excess and, after being heated for various times, worked up 
by the usual procedure. A whitish solid was always obtained which, on crystallisation from 
much benzene, water, or aqueous alcohol, had m.p. above 300°. Its appearance and 
analysis suggest that it is iodoterephthalic acid (Found : C, 33-0; H, 1-9. Calc. for C,H,O,I: 
C, 32-8; H, 1-7%). 

Nitration of the Direct Iodination Product.—The iodocymene (2 g.) was dropped slowly 
into nitric acid (d 1-5, 20 c.c.), diluted with acetic acid (equal volume), below 0°. After 
} hour the deep red solution was poured on ice, and the semi-solid oil was extracted with 
benzene, washed successively with dilute sodium hydroxide solution, aqueous sodium thio- 
sulphate, water, and dried over sodium sulphate. The solid obtained by evaporation of the 
solvent was heated for 1 hour on the steam-bath with an excess of piperidine, the resulting 
solution diluted with water, etc.; three recrystallisations from dilute alcohol then gave 
yellow needles, m. p. 123—124°, identified as 3: 5-dinitro-2-piperidino-p-cymene by mixed 
m. p. withan authentic specimen (J., 1933, 980). 

Polarimetric Observations,—The /-menthol was once recrystallised from low-boiling 
light petroleum; it had m. p. 42° and its rotatory power (in alcohol) was — 59-6°. 

The 2-chloro- and 2-bromo-cymene were prepared by direct halogenation of cymene 
(J., 1933, 981); the 3-isomerides were obtained from thymol by interaction with the appropri- 
ate phosphorus pentahalide. They were purified by redistillation and showed the following 
constants; certain data for the three iodo-derivatives are also tabulated : 

B. p. ay. nr 
2-Chloro-p-cymene 216—218°/762 mm. 1°152 1°51776 
3-Chloro-p-cymene 120—122/20 mm. — — 
2-Bromo-p-cymene 130/35 mm. —_— — 
3-Bromo-p-cymene 130/35 mm. —_ _ 
2-Iodo-p-cymene 122/11 mm. 1-4205 1:57998 


3-Iodo-p-cymene 125—126/11 mm. 14113 1°56899 
?-lodo-p-cymene 118—122/12 mm. 1-4231 1°57595 
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372. The Rearrangement of the Alkylanilines. Part VI. 
Mechanism of the Rearrangement. 


By W. J. HICKINBOTTOM. 


THE rearrangement of the hydrobromides of the alkylanilines, where alkyl is isobutyl, 
isoamyl, or a higher group, has been shown to proceed largely through the intermediate 
formation of an olefin * (Hickinbottom and Preston, J., 1930, 1566; Hickinbottom and 
Ryder, J., 1931, 1281; Hickinbottom, J., 1932, 2396); where the alkyl group is ethyl or 
propyl, a notable amount of the corresponding alkyl bromide is also produced (Hickinbottom 
and Ryder, loc. cit.). It is important, therefore, to enquire what part the liberated alkyl 
halide plays in the transference of the alkyl group from the nitrogen to the nucleus. 

There is no experimental evidence for the frequently expressed view that the alkyl 
halide can react with the nucleus of aniline in the absence of a catalyst. In attempts 
to supply such evidence it is necessary that there shall be no reaction with the amino-group 
and no olefin must be formed by the action of the amine on the alkyl halide. Triphenyl- 
methyl chloride was therefore heated with dimethylaniline at 100°: 4-trityldimethylaniline 
(I) was formed together with a variable amount of triphenylmethane. Although triphenyl- 
methyl] chloride apparently does not give rise to quaternary ammonium salts (Hughes, J., 
1933, 75), there remains the possible objection that a preliminary reaction at the amino- 
group may occur (compare Wieland, Dolgow, and Albert, Ber., 1919, 52, 896). This, 
however, is discounted by the observation that acetomethylanilide reacts in the same way 


to furnish 4-tritylacetomethylanilide (II). 





NMe, NMeAc NMeAc 
CPh,Cl 
CPh, CPhg 


When methylaniline hydrobromide is heated at 302° so that the volatile products can 
escape, methyl bromide is evolved, but the principal reaction is migration of the methyl 
group to the nucleus with the formation of #-toluidine. Methylaniline hydriodide, 
similarly heated, evolves only 2—6% of the theoretical amount of methyl iodide and the 
main change is the production of a mixture of o- and #-toluidines. The formation of o- 
toluidine is the first authentic case of the migration, in any serious amount, of an alkyl 
group to the ortho-position of an arylamine even when the para-position is free (Hofmann, 
Ber., 1872, 5, 721, recorded the formation of a liquid toluidine, not otherwise identified, 
when methylaniline hydriodide was heated at 350° in a sealed tube). 

The formation of toluidines in relatively large amounts by heating methylaniline 
hydriodide or hydrobromide in open tubes is unexpected on the view that the reaction 
involves a preliminary dissociation into methyl halide and aniline, which then react to 
form toluidines. Although this hypothesis can be expanded to include these observations, 
the author believes that the facts receive a more adequate and logical explanation on the 
basis of a general hypothesis developed in the sequel. 

The rearrangement of the alkylanilines can occur under conditions whereby neither 
olefin nor alkyl halide takes part in the migration of the alkyl group, e.g., when the alkyl- 
aniline is heated with a suitable anhydrous metal salt (Hickinbottom, J., 1927, 64; 1932, 
2396; Hickinbottom and Waine, J., 1930, 1558; Hickinbottom and Preston, Joc. cit.). 
Mechanisms for rearrangements of this type are (a) the expulsion of the alkyl group as a 
free radical or an ion, which reacts with the nucleus to form an aminoalkylbenzene : 
(b) the alkyl group, while still attached to the nitrogen, becomes attached to a carbon 
atom of the nucleus; subsequent rupture of the linkage between the alkyl and the nitrogen 
furnishes the product of rearrangement (compare Lapworth, J., 1898, 78, 445). Mechanism 

* In commenting on this view of the rearrangement of isoamylaniline hydrobromide, Kon (Amn. 
Reports, 1933, 186) has misinterpreted the experimental evidence. This salt, when heated at 302°, 
furnishes about 72% of the theoretical amount of amylene. 
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(a) is adopted, for mechanism (b), which is somewhat similar to that successfully applied 
to account for the conversion of phenyl allyl ether into o-hydroxyallylbenzene (Claisen 
and Tietze, Ber., 1925, 58, 275; Claisen, Kremers, Roth, and Tietze, Annalen, 1925, 
442, 221), is unsatisfactory in that it is difficult to account for the very high proportion of 
para-substitution which generally occurs in this rearrangement (on statistical grounds a 
high proportion of ortho-compound would be expected) and, moreover, the transference 
of a small alkyl group such as methy] or even ethyl to the para-position requires a consider- 
able and rather improbable distortion of the molecule. 

Although it is possible to account satisfactorily for the rearrangement of the alkylanilines 
and the formation of all the products of the thermal decomposition of their halogen hydride 
salts on the assumption that the alkyl group is expelled as a free radical, the hypothesis 
presents serious difficulties. Of these, the most important is the known instability of the 
free alkyl radicals higher than ethyl (Paneth and Lautsch, Ber., 1931, 64, 2702, 2703; 
Rice, Trans. Faraday Soc., 1934, 30, 152). At no time have the known decomposition 
products of these radicals been isolated during the rearrangement of the alkylanilines 
under the influence of metal salts. Further, it might be reasonably expected that free 
methyl and ethyl radicals would give rise to detectable amounts of ethane and butane. 
This has not yet been observed. The application of this hypothesis to the alkylaniline 
salts raises the further difficulty of assuming the expulsion of a neutral group from an amine 
salt. 

These objections disappear if it is assumed that the alkyl group is eliminated as a 
positively charged group. Support for the conception that such groups may react as “ ions ” 
is derived from the work of Meerwein (Annalen, 1927, 453, 31; Meerwein and Vortmann, 
ibid., 1923, 435, 190). Hughes and Ingold have recently cited experimental evidence to 
support the contention that an alkyl group may be split out from quaternary ammonium 
and sulphonium compounds as a charged ion (Nature, 1933, 132, 933). Moreover, the 
idea of a positively charged alkyl ion has been applied by Whitmore (J. Amer. Chem. Soc., 
1932, 54, 3274) to account for some of the internal rearrangements which accompany the 
dehydration of alcohols. 


On such a hypothesis, the rearrangement of alkylanilines in presence of metal halides 
is represented by reaction of the positive alkyl “‘ ion ” with the aniline nucleus reacting in 


”? 


the quinonoid form. The expelled “ion,” in general, suffers no internal rearrangement, 
either on account of the stabilising effect of the metal salt or because its reaction with the 
nucleus is catalysed by the metal salt. 

This hypothesis explains the thermal decomposition of the halogen hydrides of the 
alkylanilines. When such salts are heated, the transference of the alkyl “ion” to the 
nucleus is restricted by the occurrence of side reactions. Thus alkyl halide results by 
combination with the halogen ion, and, if the structure permits, a proton is expelled with 
the formation of an olefin. Simultaneously with these side reactions, the migration of the 
alkyl group occurs by reaction of the surviving alkyl “ion” with the nucleus. The 
rearrangement due to the last reaction is surprisingly large with methylaniline hydriodide, 
which yields more than 50% of the theoretical amount of o- and p-toluidines when heated 
at 305—310° in an open tube for 1 hour. Ethylaniline hydrobromide may furnish up to 50% 
of the theoretical amount of #-aminoethylbenzene when heated under similar conditions 
at 302° for 2 hours. With increasing size of alkyl group, the rearrangement diminishes, 
with a corresponding increase in the yield of olefin, until with zsobutyl and isoamyl and 
higher alkylanilines the isomerisation due to this cause is very small. The extent of this 
rearrangement is seen in the table given by Hickinbottom and Ryder (loc. cit.) for the 
relative proportion of the products formed by the thermal decomposition of the hydro- 
bromides of the alkylanilines. The rearrangement of the higher alkylaniline hydro- 
bromides is therefore dependent largely on the reaction of the secondary products, such as 
olefin, with the nucleus and must be effected in sealed tubes if it is to proceed to any 
extent. 

A further complication is introduced by the tendency of the surviving alkyl “ion,” 
if its structure is favourable, to undergo internal rearrangement in the manner postulated 
by Whitmore (J. Amer. Chem. Soc., 1932, 54, 3274). 

5T 
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On the hypothesis just outlined, the behaviour of ethylaniline hydrobromide on heating 
is represented by the following scheme : 


PhNH, + C,H,Br 
DP ai 4 Bre 
P = "a - 


Ph‘NH-C,H,HBr —»> Ph:N: + C:CHy —> 
H 4H 





J 


PhNH, + CH,:CH, 








The hypothesis can also be applied to represent the hydrolysis of the alkylanilines 
containing tertiary alkyl groups (Hickinbottom, J., 1933, 1070) and it fits in with the 
general electronic theory of reactions developed by Lapworth and by Robinson (*‘ Outline 
of the Electrochemical Theory of the Course of Organic Reactions,” 1932). In these 
compounds, the induced effect of three alkyl groups attached to one carbon atom is 
sufficiently intense to cause the transfer of an electron from the tertiary alkyl group, 
provided that the conditions are suitable and reagents are present to take advantage of 
this tendency. Similar conditions apply to the hydrolysis of the tertiary alkyl halides. 


H 
"@ ® HSO,® H,O 

Ph:N:CMe, —> PhNH, + CMe, ——> Me,CHSO, ——> Me,C-OH + H,SO, 
H 


A simple extension of the hypothesis appears to afford a satisfactory basis for represent- 


ing a number of similar rearrangements. 
The conversion of N-chloroacetanilide into p-chloroacetanilide under the influence 


of hydrochloric acid depends on the intermediate formation of chlorine (Orton and Jones, 
Rep. Brit. Assoc., 1910, 85). This is represented by the following scheme : 


eH HO 
Ph:N:Cl —> Ph:N: + Cl: cle + Cle —> Cl, 
Ac Ac 
H 
Ph:N:Ac + Cl; —> C,H,C/NHAc + HCl 


This isomerisation also occurs on exposure to sunlight or on heating in the absence of 
added catalysts (Blanksma, Rec. trav. chim., 1902, 21, 290; Chattaway, Proc., 1902, 18, 
200; Porter and Wilbur, J. Amer. Chem. Soc., 1927, 49, 2145). It can be represented 


thus : 
Ac:N:Cl — Ac:N:° ha NHAc 


O- Or - 0-6 


H (Cl 
The isomerisation of the nitroamines when heated or exposed to sunlight or under the 
influence of sulphuric acid is formulated similarly, the nitro-group being expelled as a 
negatively charged group. The conversion of the §-arylhydroxylamines into aminophenols 
is effected by the action of acids: schemes to account for the change have been proposed 
by Bamberger (Ber., 1900, 33, 3600) and Hope (J. Soc. Chem. Ind., 1934, 58, 425). On 
the basis of the “ positive ion” hypothesis now developed, the rearrangement receives 
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an explanation which brings it into line with that of the alkylanilines and the nitroamines 

and accounts for the formation of such characteristic by-products as quinoles and quinols. 

H:N:H® 

He H p fo NH,® 

Ph:N:OH —> Ph:N:+0:H —> | J — 
' pa 


H H H 


H “OH 
The benzidine rearrangement is represented in the following way according to the 


“ positive ion ’’ hypothesis : 
° -He 
H:N:# NH, 


H® rN 
PhNH:N:Ph —~> PhNH, + Ph:N® > -. o> 


H H MM. 
| H NHPh  NHPh 


ee 
HiNi¢ > =. ® 
oF Na IN:H > HNC >< _NE, 
H’\= 


Although the Fischer-Hepp rearrangement of nitrosoamines can be formulated as 
proceeding by reaction of the positive nitroso-ion with the nucleus, it is highly probable 
that the positive ion is captured by the chloridion from the hydrogen chloride used to 
promote the change, with the formation of nitrosyl chloride. 


EXPERIMENTAL. 


Reaction of Triphenylmethyl Chloride with Dimethylaniline.—Dimethylaniline was treated 
with acetic anhydride, and was distilled before each preparation, the first fractions being 
rejected. Triphenylmethyl chloride was crystallised from benzene till of constant m. p. and 
stored over anhydrous barium perchlorate in a vacuum desiccator. 

Triphenylmethyl chloride (2-01 g.) and dimethylaniline (6 g.) were heated at 100—115° 
for 8 hours, access of moisture being prevented. After addition of aqueous ammonia, steam- 
distillation removed the excess of dimethylaniline. The reddish-violet aqueous solution was 
decanted, and the brownish solid product dissolved in warm acetone; 4-trityldimethylaniline 
separated as a white crystalline mass from the solution. The filtrate was diluted with water 
and extracted repeatedly with ether. This removed basic products, which were recovered 
by several extractions with dilute hydrochloric acid and subsequent basification; crystallisation 
of the flocculent precipitate from alcohol gave a further quantity of 4-trityldimethylaniline 
(total yield, 1-05 g.). 

Evaporation of the residual ethereal solution yielded a gum, which crystallised when rubbed 
with benzene. Drying on porous tile (yield, 0-54 g.; m. p. 85—87°) and recrystallisation 
from benzene gave triphenylmethane, m. p. and mixed m. p. 92—93°. 

4-Trityldimethylaniline crystallised from acetone in very small needles, m. p. 204—205° 
(Found; C, 88-9; H, 7-2; N, 4-05. Calc. for C,,H,,N: C, 89-2; H, 6-9; N, 3-9%), identical 
with a specimen prepared by the method of Fischer and Luckmann (Z. physiol. Chem., 1921, 
115, 93). 

From a not too dilute solution in methyl iodide, 4-iritylphenylirimethyl ammonium iodide 
separated on standing; this crystallised from warm chloroform in slender white needles, m. p. 
206—207° (Found: I, 24-6. C,,H,,NI requires I, 25-1%), fairly soluble in warm alcohol or 
acetone, sparingly in benzene or boiling water, and almost completely soluble in warm dilute 
aqueous ammonia. 

Reaction of Triphenylmethyl Chloride with Acetomethylanilide—Carefully dried acetomethyl- 
anilide (6 g.) was heated with dry triphenylmethyl chloride (2 g.) at 140—150° for 10 hours, 
moisture being excluded: hydrogen chloride was soon liberated. The cooled product was 
dissolved in benzene and shaken with successive quantities of dilute hydrochloric acid and then 
with successive quantities of concentrated hydrochloric acid. The latter treatment produced 
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a white precipitate, which was filtered off. The benzene solution was washed with water and 
with very dilute aqueous ammonia, dried, and evaporated. Treatment of the residue with 
ether caused the separation of a white, sparingly soluble, crystalline mass, which was recrystal- 
lised from absolute alcohol, separating in well-formed transparent prisms, m. p. 191—192°, 
of 4-tritylacetomethylanilide (Found: C, 85-8, 85-7; H, 6-7, 6-7; N, 3-8. C,gH,,ON requires 
C, 85-9; H, 6-4; N, 3-6%), identical with a specimen prepared by the method described below. 
The ethereal solution on evaporation, yielded a brownish gum, from which triphenylmethane, 
m. p. and mixed m. p. 92—93°, was obtained. 

Preparation of 4-Tritylmethylaniline —Methylaniline hydrochloride (10 g.) and triphenyl- 
carbinol (5 g.) in glacial acetic acid (30 g.) were heated under reflux for 5 hours. The solvent 
was then evaporated, and the residue basified with aqueous ammonia and steam-distilled to 
remove unchanged methylaniline. The greyish solid remaining crystallised from absolute 
alcohol, in which it was not readily soluble, in needles (3-52 g.), m. p. 211—212° (Found : C, 89-0, 
89-3; H, 6-8, 6-9; N, 4-1. C,,H.,N requires C, 89-4; H, 6-6; N, 40%), very sparingly soluble 
in ether, not very soluble in hot acetone, and more readily in benzene or chloroform. Acetyl- 
ation of the amine by acetic anhydride in pyridine yielded 4-tritylacetomethylanilide, m. p. 
191—192°, identical with the product already described. 

Behaviour of the Halogen Hydride Salts of Methylaniline on Heating.—(a) Methylaniline 
hydriodide. The pure dry salt (31-74 g.) was heated at 305—310° for 1 hour in a long, wide, 
open test-tube. The product solidified, on cooling, to a dark crystalline mass which had a faint 
smell of ammonia. The amine was liberated by the addition of alkali and treated with 50% 
aqueous zinc chloride. The primary amines, precipitated as zincichlorides, were collected and 
extracted with boiling light petroleum after being washed with water—yield, 17-3 g. of dry 
zincichlorides, and 2-82 g. of amines (B) not combined with zinc chloride. 

The primary amines liberated from the zincichlorides yielded 7-97 g. (A) boiling between 
180° and 205° and a residue (1-23 g.) of much higher b. p. The latter product was not further 
examined. 

The main product (A) was a mixture of o- and p-toluidines with some aniline. The 
proportion of toluidines and aniline was determined by evaporating two separate portions with 
alcoholic hydrogen chloride and determining the hydrogen chloride in the dry residue (Found : 
HCl, 25-54, 25-60%). The average of these figures corresponds to an aniline content of 6%, 
the remainder being a mixture of o- and p-toluidines. 

o-Toluidine was separated as its sparingly soluble picrate (in alcohol) —yield, 8-15 g. of picrate, 
m. p. 202—204° (decomp.), corresponding to 2-58 g. of approximately pure o-toluidine. The 
amine was characterised by its acetyl derivative, m. p. and mixed m. p. 108—109°, and by its 
pure picrate, m. p. 215—217° (decomp.). 

The mother-liquor from the separation of the o-toluidine picrate yielded p-toluidine oxalate 
(1-0 g.), m. p. 172—173°, and further amounts of less pure material were also obtained. From 
these, p-toluidine was isolated, m. p. and mixed m. p. 42—43°. 

The amines not precipitated as zincichlorides were a mixture of primary amines of undeter- 
mined constitution (1-20 g.), secondary amines (0-23 g., calc. as methylaniline), and tertiary 
amines (0-96 g.) which appeared to be largely of the acridine or phenanthridine type. 

(b) Methylaniline hydrobromide. The dry salt (15-5 g.) was heated at 305° for 2 hours in an 
open tube. The product, treated in the manner described above, yielded 4-37 g. of primary 
amines, 0-11 g. of secondary amines, and 2-3 g. of tertiary amines. 

The primary amines furnished 83% distilling between 180° and 205°, the remainder having 
a much higher b. p. The main fraction consisted essentially of p-toluidine and aniline; there 
was distinct evidence of the presence of xylidine, but the amount was too small for isolation. 
A determination of the approximate proportion of aniline and -toluidine was made by evapor- 
ating some of the amine to dryness with alcoholic hydrogen chloride. The hydrogen chloride 
content of the dried salt (Found : HCl, 25-71%) corresponded to 11% of aniline in the mixture. 
The actual proportion was slightly higher owing to the presence of a trace of xylidine. The 
p-toluidine in the mixture, isolated as oxalate, had m. p. and mixed m. p. 42—43°. 

The tertiary amines yielded about 40%, distilling between 175° and 200°, which did not 
react with nitrous acid; the remainder had a very high boiling point. 

Estimation of the Alkyl Halide formed during the Thermal Decomposition of Methylaniline 
Hydrobromide and Hydriodide.—The salt was heated by boiling diphenylamine vapour (302°) 
in the apparatus described by Hickinbottom and Ryder (loc. cit.), the conditions being com- 
parable with those designated (b) (p. 1287). The methyl halide evolved was collected in dry 
pyridine, and the resulting halidion estimated gravimetrically. The results, which were 
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checked by determinations of the halogen hydride content of the salt before and after heating, 


are summarised below. 
% Methyl group 
Halogen hydride, g. Methyl] halide, g., as methyl halide, 
c A . determined calculated 
Time, Before After c A , + A + 
Salt. We., g. hrs. heating. heating. directly. fromloss. directly. from loss. 
Hydrobromide 65-0888 2-179 2-116 0°0740 0:0747 2°9 . 
4°5155 1-944 1-852 0:0946 0°1068 41 
8°2530 3°535 3°170 0°4288 0°4286 
7°2680 3°130 2-687 — 0°5201 
5°4610 2°352 2-029 0°2752 0°3793 


Hydriodide 3°3014 1764 1-660 0°1123 0°1162 
4:2773 2-286 2°257 0°0495 0°0324 
3°9118 2°091 2-053 0°0543 0:0424 
9°5704 5-113 5°031 —_ 0-0916 








The liberation of methyl bromide and iodide was established by isolating them as 
pyridinium methobromide, m. p. 140—142° (Found: Br, 45-7. Calc.: Br, 45-9%), and 
pyridinium methiodide, m. p. and mixed m. p. 114—116°, in some preliminary decompositions. 


The author thanks Prof. W. N. Haworth, F.R.S., for his interest and encouragement, and 
Mr. J. K. N. Jones for assistance during the early part of the work. 
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373. The 3-Halogeno-1-nitro-, -1-amino-, and -1-hydroxy-naphthalenes. 
By HERBERT H. HopcGson and REGINALD L. ELLtortt. 


THE preparation of the 3-chloro-, 3-bromo-, and 3-iodo-derivatives of «-nitronaphthalene, 
a-naphthylamine, and «-naphthol has been rendered possible by the availability of 4-nitro- 
l-naphthylamine (Hodgson and Walker, J., 1933, 1205) and by the new method for the 
diazotisation of nitro-amines (tbid., p. 1620). Most of the reactions described proceed 
normally and give the anticipated products in excellent yields. During the acid hydrolysis 
of 2-chloro-4-nitroaceto-«-naphthalide, about 5% of the chlorine was removed, thereby 
showing the labile character of its attachment under these conditions. Direct chlorination 
of 4-nitro-l-naphthylamine resulted in a very poor yield of the 2-chloro-derivative, whereas 
chlorination of the acetylated amine afforded a 95% yield. 

Since all the products could be obtained from the mercurtacetate of 4-nitro-l-naphthyl- 
amine, it follows that the mercuriacetate group is in position 2 and that the reactions 


described are homonuclear. 


Preparation of 3-Chloro-1-nitronaphthalene.—4-Nitroaceto-e-naphthalide (10 g.), dissolved in 
glacial acetic acid (50 c.c.), was treated at 100° with chlorine. The crystals that separated after 
10 minutes were removed and chlorine was again passed into the filtrate, producing a second 
crop (total yield, 1l g.; 95%). The 2-chloro-4-nitroaceto-a-naphthalide, recrystallised from glacial 
acetic acid, formed fine cream needles, m. p. 231° (Found: Cl, 13-2. C,,H,O,N,Cl requires 
Cl, 13-4%). When it was boiled with 20% aqueous sodium hydroxide, a flocculent orange 
precipitate of sodium 2-chloro-4-nitro-«-naphthoxide was obtained ; this crystallised in orange- 
red needles from water, and on acidification gave 2-chloro-4-nitro-a-naphthol, which crystallised 
from 90% formic acid in pale yellow micro-plates, m. p. 231° (Found: Cl, 15-7. C,gH,O,NCl1 
requires Cl, 15-9%). 

2-Chloro-4-nitroaceto-«-naphthalide (25 g.) was boiled under reflux for 10 hours with 50% 
sulphuric acid (200 c.c.) and ethyl alcohol (200 c.c.); complete solution never occurred. The 
deep yellow plates of 2-chloro-4-nitro-1-naphthylamine were filtered off after cooling (20 g., 
m. p. 240°) and recrystallised from alcohol and from nitrobenzene, being obtained as bright 
yellow needles, m. p. 249° (Found : Cl, 15-8. CC, sH,O,N,Cl requires Cl, 15-9%). The mother- 
liquor from the hydrolysis, on dilution with water, afforded 1 g. of 4-nitro-1-naphthylamine. 

A solution of 2-chloro-4-nitro-1-naphthylamine (65 g.) in hot glacial acetic acid (75 c.c.) was 
chilled to give a fine crystalline suspension and added gradually to a well-stirred solution of 
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sodium nitrite (15 g.) in concentrated sulphuric acid (60 c.c.) below 20°. The mixture was 
poured into ethyl alcohol (200 c.c.) and heated on the water-bath for 24 hours, ethyl acetate, 
acetaldehyde, and the excess of alcohol distilling away. On cooling, a mixture of 3-chloro-1- 
nitronaphthalene and sodium sulphate separated, which was washed with water; the residue 
(16-8 g., m. p. 94°) crystallised from 90% formic acid or nitrobenzene in fine greenish-brown 
needles, m. p. 105° (Found : Cl, 16-9. C,gH,O,NCl requires Cl, 17-1%). 

Preparation of 3-Bromo- and 3-Iodo-1-nitronaphthalenes.—4-Nitro-l-naphthylamine (50 g. 
in 300 c.c. of dry nitrobenzene) was treated gradually at room temperature with bromine 
(10 c.c. in 50 c.c. of nitrobenzene). The hydrobromide of 2-bromo-4-nitro-1-naphthylamine 
separated as a white solid, which was washed with and crystallised from dry nitrobenzene; 
no m. p. (Found: HBr, 23-3. C,,H,O,N,Br,HBr requires HBr, 23-3%). On trituration with 
water, 2-bromo-4-nitro-1-naphthylamine was liberated (25 g.); this crystallised from glacial 
acetic acid or 90% formic acid in deep yellow needles, m. p. 250° (Found: Br, 29-8. 
C,.H,O,N,Br requires Br, 30-0%). 

4-Nitro-1-naphthylamine (10 g.), dissolved in boiling glacial acetic acid (180 c.c.), was treated 
gradually with a hot solution of mercuric acetate (17 g.) in glacial acetic acid (30 c.c.), and the 
mixture subsequently heated on the water-bath for 45 minutes. .The copious heavy precipitate 
of the mercuriacetate, which was filtered off after cooling, was washed with glacial acetic acid ; 
it crystallised from this solvent in orange-yellow needles, which do not melt (Found: Hg, 44-5. 
C,2H,O,N,Hg requires Hg, 44-9%). Treatment of separate portions with hydrochloric, 
hydrobromic, and hydriodic acid, and with sodium hydroxide gave respectively : the mercuri- 
chloride, which crystallised from glacial acetic acid in fine orange-red needles, m. p. 244° (decomp. ) 
(Found: Hg, 47-1. C,H,O,N,CIHg requires Hg, 47-4%); the mercuribromide, yellowish-red 
needles from glacial acetic acid, m. p. 249° (decomp.) (Found: Hg, 42-5. C,,H,O,N,BrHg 
requires Hg, 42-9%); the mercuri-iodide, deep red, prismatic needles from glacial acetic acid, 
m. p. 259° (decomp.) (Found: Hg, 38-6. C,,H,O,N,IHg requires Hg, 39-0%); and the 
mercurihydroxide, which crystallised from glacial acetic acid in very deep red prisms, that do not 
melt (Found: Hg, 49-2. C,sH,O,N,Hg requires Hg, 49-6%). 

When an aqueous suspension of the mercuriacetate above (5 g.) was shaken with a solution 
of bromine (0-6 c.c.) in aqueous potassium bromide, 2-bromo-4-nitro-l-naphthylamine was 
formed. Similarly, treatment with chlorine gave 2-chloro-4-nitro-1-naphthylamine. 

3-Bromo-1-nitronaphthalene, formed when 2-bromo-4-nitro-1-naphthylamine was submitted 
to the deamination procedure employed for the chloro-analogue, crystallised from 90% formic 
acid in grey-white needles, m. p. 101° (Found: Br, 31-6. Calc. for C,JH,O,NBr: Br, 31-7%). 
Vesely and Chudozilov (Chem. Listy, 1925, 19, 260) give m. p. 97—98°. 

2-Iodo-4-nitro-1-naphthylamine was obtained by treating the mercuriacetate above (5 g.) 
with a solution of iodine (2-84 g.) in aqueous potassium iodide and heating the mixture on the 
water-bath for 30 minutes; the solid was then filtered off, washed with concentrated aqueous 
potassium iodide and with water, and crystallised from nitrobenzene, forming deep canary- 
yellow plates, m. p. 234° (Found : I, 40-2. Calc. for C,,H,O,N,I: I, 40-4%). 3-Iodo-1-nitro- 
naphthalene, obtained from the preceding amine by deamination, crystallised from 90% formic 
acid in fine greenish-yellow needles, m. p. 108° (Found : I, 42-2. Calc. forC,gH,O,NI: I, 42-5%). 
Cumming and Howie (J., 1931, 3176) also give m. p. 234° and 108° for these two compounds. 

Preparation of 3-Chloro-, 3-Bromo-, and 3-Iodo-1-naphthylamine.—A mixture of 3-chloro- 
1-nitrobenzene (5 g.), tin (6 g.), and concentrated hydrochloric acid (18 c.c.; d 1-16) was heated 
on the water-bath until the tin had disappeared. The solution, filtered hot, deposited, on 
cooling, the hydrochloride of 3-chloro-l-naphthylamine in buff-brown crystals, m. p. 219° 
(Found : Cl, 33-0. Cy 9H,NCIl,HCl requires Cl, 33-2%). This salt on basification gave 3-chloro- 
1-naphthylamine which crystallised from alcohol in small colourless needles, m. p. 62° (Found : 
Cl, 19-9. Cy9H,NCl requires Cl, 20-0%). 3-Chloroaceto-a-naphthalide crystallised from glacial 
acetic acid in colourless needles, m. p. 197° (Found : Cl, 16-0. C,,H,gONCI requires Cl, 16-2%), 
and 3-chlorobenzo-a-naphthalide from 90% formic acid in almost colourless prisms, m. p. 162° 
(Found: Cl, 12-5. C,,H,,ONCI requires Cl, 12-6%). 1: 3-Dichloronaphthalene, obtained 
from the base by the Sandmeyer reaction, crystallised from alcohol in colourless needles, m. p. 
61-5° (Found : Cl, 35-9. Calc.: Cl, 36-0%). 

3-Bromo-1-naphthylamine, obtained by the same procedure as the chloro-analogue, crystallised 
from alcohol in colourless needles, m. p. 70° (Found : Br, 35-8. C,H,NBr requires Br, 36-0%). 
The hydrochloride formed colourless micro-plates (from hydrochloric acid), m. p. 247° (Found : 
HCl, 14:0, C,9H,NBr,HCl requires HCl, 14-1%) ; 3-bromoaceto-a-naphthalide, colourless needles 
(from glacial acetic acid), m. p. 174° (Found: Br, 30-2. C,,H,ONBr requires Br, 30-3%) ; 
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and 3-bromobenzo-a-naphthalide, colourless needles (from 90% formic acid), m. p. 166° (Found : 
Br, 24-4. C,,H,,ONBr requires Br, 24-5%). 

A mixture of 3-iodo-1-nitronaphthalene (2 g.), stannous chloride crystals (16 g.), concentrated 
hydrochloric acid (20 c.c.), and alcohol (5 c.c.) was heated, at first cautiously, and then for 
30 minutes on the water-bath with further addition of acid (10 c.c.). On cooling, the hydro- 
chloride of 3-iodo-l-naphthylamine separated in needles, m. p. 238° (Found: HCl, 12-0. 
C,H,NI,HCl requires HCl, 11-9%). This product on basification gave 3-iodo-1-naphthylamine, 
which crystallised from alcohol in colourless needles, m. p. 84° (Found: I, 46-9. C,H,NI 
requires I, 47-2%). 3-Iodoaceto-a-naphthalide crystallised from glacial acetic acid in colourless 
prisms, m. p. 207° (Found: I, 40-5. C,,H,ONI requires I, 40-8%), and 3-iodobenzo-a-naph- 
thalide from 90% formic acid in colourless needles, m. p. 174° (Found: I, 33-9. C,,H,,ONI 
requires I, 34-0%). 

Preparation of 3-Chloro-, 3-Bromo-, and 3-Iodo-1-naphthol.—A solution of 3-chloro-1-naph- 
thylamine (2 g.) in glacial acetic acid (25 c.c.) was diazotised by addition to a solution of sodium 
nitrite (1 g.) in concentrated sulphuric acid (5c.c.). After destruction of the excess of nitrous 
acid by means of urea, the diazo-solution was subjected to the standard decomposition—steam 
distillation process (Hodgson, E.P., 200,714). From the aqueous steam-distillate, 3-chloro-1- 
naphthol separated in brownish needles, and the dissolved portion was recovered by benzene 
extraction; recrystallisation from benzene, alcohol, or 80% aqueous acetic acid gave cream- 
coloured feathery needles, m. p. 143° (Franzen and Stauble, J. pr. Chem., 1921, 108, 352, give 
m. p. 1834—135°) (Found : Cl, 19-8. Calc. for C,g>H,OCl: Cl, 19-9%), soluble in aqueous caustic 
alkalis and thence combining with diazonium salts. Addition of bromine water to the above 
solution gave 3-chloro-2 : 4-dibromo-1-naphthol, which crystallised from 90% formic acid in 
almost colourless (yellowish) prisms, m. p. 112° (Found: Cl + Br, 57-8. C,,H,OCIBr, requires 
Cl + Br, 58-1%). 

3-Bromo-1-naphthol, similarly obtained, crystallised from benzene, alcohol, or 80% acetic 
acid in cream-coloured needles, m. p. 61° (Found: Br, 35-8. C, sH,OBr requires Br, 35-9%), 
and on treatment with bromine water gave 2:3: 4-tribromo-1-naphthol, which crystallised 
from 90% formic acid in yellowish needles, m. p. 133° (Found: Br, 62-9. C,.H,OBr; requires ° 
Br, 63-0%). 

3-Iodo-1-naphthol, also similarly obtained, crystallised from alcohol in pale yellow needles, 
m. p. 119° (Found : I, 46-8. C, ,H,OI requires I, 47-0%), and when treated with bromine water 
gave 2: 4-dibromo-3-iodo-l-naphthol, which crystallised from 90% formic acid in yellowish 
needles, m. p. 191° (Found: Br + I, 66-8. C,,H,OBr,I requires Br + I, 67-1%). 


The authors thank Imperial Chemical Industries, Ltd. (Dyestuffs Group), for various gifts. 
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374, The Constitution of Neoarsphenamine. 
By W. J. C. Dyke and Harotp KING. 


In a search for a neutral soluble derivative of salvarsan (3 : 3’-diamino-4 : 4’-dihydroxy- 
arsenobenzene dihydrochloride) Ehrlich (Chem. Zig., 1912, 637; Schreiber, Mtinch. med. 
Woch., 1912, 59, 905; compare Chem. Zig., 1912, 424) prepared neosalvarsan by condens- 
ation of salvarsan with sodium formaldehydesulphoxylate. This treatment was supposed 
also to inhibit oxidation of the reactive arseno- and o-aminophenol groups. The manu- 
facture was entrusted to Farbwerke vorm. Meister Lucius and Briining, who stated (D.R.-P. 
245,736) that mono- or di-formaldehydesulphoxylate derivatives of diaminodihydroxy- 
arsenobenzene may be obtained by conducting the condensation reaction at different 
temperatures, the former being obtained at room temperature and the latter at 60—70°. 

Arising out of conditions precipitated by the Great War, products in imitation of 
neosalvarsan have been manufactured in many countries. The term neoarsphenamine 
was introduced in the U.S.A. for American products and since 1932 has been adopted by 
the British Pharmacopeeia. In the appropriate monograph neoarsphenamine is defined 
as a product which may be prepared by treating salvarsan base with sodium formaldehyde- 
sulphoxylate. 
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Methods have been proposed for the examination of neoarsphenamine by Raiziss and 
Falkov (J. Biol. Chem., 1921, 48, 209), Macallum (J. Amer. Chem. Soc., 1921, 48, 643; 
1922, 44, 2578), and Elvove (U.S. Pub. Health Rep., 1925, 40, 1235) which depend on the 
use of iodine as an oxidising agent. Certain assumptions as to the iodine requirements of 
the groups supposed to be present are features of these methods which were severely 
criticised by Freedman (J. Lab. Clin. Med., 1926, 11,6). It was pointed out that, although 
tervalent arsenic, as in salvarsan, can be converted by iodine almost quantitatively into 
quinquevalent arsenic as claimed by Ehrlich, Goebel and others, less and less iodine is 
consumed in presence of acids as the acidity of the solution is increased. In other words, 
there is an equilibrium in aqueous solution in the following sense : 

neutral 
R-AsO + I, + 2H,O one R-AsO;H, + 2HI 
ack 

In the case of neoarsphenamine Freedman found that more and more iodine was con- 
sumed as the acidity increased, and this was conclusively traced to progressive hydrolysis 
of the N-methylenesulphoxylate groups. Contrary to previous observers, Freedman 
concluded that N-methylenesulphoxylate groups would theoretically be converted into 
N-methylenesulphites on oxidation with iodine, but that owing to the development of 
acidity hydrolysis will take place and the results will be slightly high. 

The full significance of the valuable criticisms of Freedman was apparently not 
appreciated by Jurist and Christiansen (J. Amer. Chem. Soc., 1928, 50, 191). From data 
obtained by the use of iodine as an oxidising agent these authors calculated the percentage 
of combined and uncombined formaldehydesulphoxylate groups. They were surprised 
to find that the combined N-methylenesulphoxylate content calculated in this way was 
always low, and to account for this they postulated a type of combination between salvarsan 
base and sodium formaldehydesulphoxylate differing from their standard type in that it 
reacted with iodine to give sulphate instead of methylenesulphite. Alternatively a kind 
of double salt additive compound between salvarsan base and formaldehydesulphoxylate 
was considered possible. The faith of these authors in their methods of analysis was such 
that they claimed to have found a new type of sulphur hitherto unrecorded in neoarsphen- 
amine amounting to 0-19—1-27%. 

Salkin’s (J. Lab. Clin. Med., 1928, 14,342) formula forneoarsphenamine istoo improbable 
for serious consideration. 

Our elucidation of the constitution of sulpharsphenamine (J., 1933, 1003) depended 
on a method for the quantitative assay of methylenesulphite radicals. In the present 
instance we therefore directed our attention to methods for the conversion of methylene- 
sulphoxylate groups into methylenesulphite groups. The use of indigotindisulphonic acid 
has been suggested by Elvove (loc. cit.) for such a purpose, a suggestion based, no doubt, 
on the well-known use of this dye in the standardisation of sodium hydrosulphite. We 
found that pure potassium indigotindisulphonate, of oxidation-reduction potential indicator 
quality, is not reduced by disodium diaminodihydroxyarsenobenzene-N N’-dimethylene- 
sulphite at 100° in a current of oxygen-free nitrogen, but that neoarsphenamine can be 
rapidly titrated to a sharp end-point. Under these conditions the reduction intensity of 
the arseno-linkage is insufficient to reduce the dye, whereas the methylenesulphoxylate 
groups have this power. This dye is, however, useless for our purpose, since our standard 
substance of reference, sodium formaldehydesulphoxylate, under somewhat similar con- 
ditions (but in a buffered medium of fy 3 so as to increase its reactivity) always gave high 
readings by about 5%. Solutions of indigotin-tri- and -tetra-sulphonates deteriorate like 
the disulphonate’on keeping, but when freshly standardised also gave high values with 
sodium formaldehydesulphoxylate. 

The evidence available for the choice of other dyes is very limited, since, although 
through the work of Mansfield Clark and others a good range of dyes is at hand for measuring 
reduction—potential intensities, there is very little known as to their oxidising capacities 
in a quantitative sense apart from the case of methylene-blue (Atack, J. Soc. Dyers Col., 
1915, 31, 183, 203). Since our work commenced, 2 : 6-dichlorophenolindophenol has been 
introduced for estimating ascorbic acid; but it is inapplicable to neoarsphenamine. 
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Freedman (loc. cit.) stated, on the basis of unpublished evidence, that methylene-blue 
oxidised N-methylenesulphoxylates quantitatively to sulphites. We found that diamino- 
dihydroxyarsenobenzene-NN’-dimethylenesulphite had no action on methylene-blue at 
room temperature but reduced the dye readily on warming. Since sulphites cannot reduce 
methylene-blue, this action must be ascribed to the arseno-group. This is not surprising, 
since in the oxidation-reduction potential scale methylene-blue is removed from the 
region of the indigotinsulphonates to the region of lower reducing potentials. Under more 
drastic conditions at 100° methylene-blue oxidises sodium formaldehydesulphoxylate 
quantitatively to sulphite, the conditions necessary approximating to an acidity of p_ 3 
and a temperature of 100°. The reducing property of the arseno-linkage on methylene- 
blue in warm solution naturally restricts the use of the latter in the case of neoarsphenamine 
to solutions at room temperature. 

When various commercial samples of neoarsphenamine were titrated with methylene- 
blue under the rigid conditions prescribed in the experimental section, a great variation 
was observed between the consumption of the different makes, and the products of one 
manufacturer often showed a significant variation between different batches of material. 
Since sodium formaldehydesulphoxylate under parallel conditions showed only a small 
and almost negligible consumption of methylene-blue (a reaction catalysed by light), the 
reduction of methylene-blue by neoarsphenamine must be ascribed to its content of 
combined N-methylenesulphoxylate groups. 

To throw light on the quantitative side of the methylene-blue reaction it was necessary 
to synthesise some substituted anilino-N-methylenesulphoxylates of undoubted purity. 
The condensation products with aniline and o-toluidine of Reinking, Labhardt, and Dehnel 
(Ber., 1905, 38, 1069) and with o- and f-aminobenzoic acids of Binz and Holzapfel (ibid., 
1920, 53, 2022) did not, on repetition, meet our requirements. A satisfactory substance 
was found in the methyl ester of 3-amino-4-hydroxybenzoic acid, having a similar orient- 
ation of substituents to neoarsphenamine. This ester reacted readily with sodium form- 
aldehydesulphoxylate to form sodium 2-hydroxy-5-carbomethoxyanilino-N-methylene- 
sulphoxylate (1), which crystallised with facility in large hexagonal plates with all the 


OH OH 


a) H-CH,-0-SONa H-CH,0-SO,Na qq) 


CO,Me CO,Me 


attributes of homogeneity. For comparison the analogous N-methylenesulphite (II) was 
prepared by means of sodium formaldehydebisulphite. With these substances it was 
possible to investigate the action of methylene-blue and of iodine under a variety of con- 
ditions unhampered by an arseno-group. It was found that neither the N-methylene- 
sulphoxylate (I) nor the N-methylenesulphoxylates of aniline, o-toluidine, and anthranilic 
acid reduced methylene-blue to any extent in neutral sodium acetate-buffered solution 
but reduction was markedly catalysed by acids. The N-methylenesulphoxylate (I) 
reduced methylene-blue to the extent of 71% of the theoretical quantity in an aqueous 
alcoholic solution containing sodium acetate (the medium necessary in neoarsphenamine 
titrations) at 70—75°, but in N/10-acetic acid solution (inapplicable in the case of neo- 
arsphenamine) about 90% reduction took place finally in almost boiling solution, the major 
reduction having been effected at room temperature. 

In the titration of N-methylenesulphoxylates by methylene-blue we seem to be driven 
to the conclusion that an equilibrium 


R-NH-CH,°O-SONa + M-B == R:NH:CH,°0°SO,Na + Jeuco M-B 


is attained depending on the conditions (compare Fruton, J. Biol. Chem., 1934, 105, 80). 
In the example just mentioned, in N/10-acetic acid solution equilibrium is apparently 
attained in boiling solution when 90% of the N-methylenesulphoxylate has been converted 
into N-methylenesulphite and a corresponding amount of leuco-methylene-blue has been 
formed. Unlike the above-mentioned crystalline N-methylenesulphoxylates, neoarsphen- 
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amine reduces methylene-blue in neutral solution at room temperature, an effect which 
must be attributed to activation by the highly unsaturated arseno-linkage, which does not, 
however, take part in the reaction. That an equilibrium with its consequential incomplete 
oxidation of N-methylenesulphoxylate groups by methylene-blue is also concerned in the 
case of neoarsphenamine is very probable from the results to be recorded later. 

When 0-1N-iodine solution was added to sodium 2-hydroxy-5-carbomethoxyanilino- 
N-methylenesulphoxylate (I), absorption took place until 90% of the sulphur had appeared 
in the solution as sulphate. Although the starch-iodide reaction was reasonably permanent, 
the solution still contained sulphite, probably as combined N-methylenesulphite, since 
sulphur dioxide was liberated on boiling with mineral acid. On the other hand, the corre- 
sponding N-methylenesulphite (II) was not acted upon by iodine until 3N-hydrochloric 
acid had been added. It follows that in the reaction between iodine and the substituted 
anilino-N-methylenesulphoxylate (I) a small proportion of N-methylenesulphite is formed 
at first and the acidity developed by liberation of hydriodic acid rapidly causes hydrolysis 
of the remainder of the combined N-methylenesulphoxylate to free formaldehydesulph- 
oxylate, which then undergoes oxidation to formaldehyde and sulphate. The reactions 
may be represented thus : 


R-NH-CH,°0-SONa + I, —-> R-NH:CH,°0°SO,Na + HI (subsidiary reaction) 
R-NH-CH,-0-SONa + HI —> R-NH, + HO-CH,-O-SONa ; 
HO-CH,*0-SONa ++ I, —> CH,O + Na,SO, } qunen senctinng 


The analytical figures given without comment by Binz and Holzapfel (loc. cit.) for 
sodium anthranilino-N-methylenesulphoxylate show that they must have encountered the 
same reactions. 

These results on a pure crystalline N-methylenesulphoxylate completely invalidate the 
conclusions of all previous workers, with the possible exception of those of Freedman, on 
the quantitative action of iodine on neoarsphenamine. The possibility of error is further 
enhanced when arseno-groups are present, as isshown by the direct titration with iodine of 
disodium diaminodihydroxyarsenobenzene-NN’-dimethylenesulphite. Although the con- 
sumption of iodine corresponded to 7-2 atoms (the arseno-group requires 8), the reaction 
liquor contained amounts of sulphate which increased with the degree of acidification. It 
is evident that, although apparently the consumption of iodine corresponds approximately 
to the requirements of the arseno-group, actually a considerable proportion of iodine has 
been consumed in forming sulphate at the expense of the arsonic acid, which reverts to 
arsenoxide as shown in the equation p. 1708. Inthe case of neoarsphenamine the amount of 
acid generated by oxidation with iodine is still larger owing to its greater degree of unsatur- 
ation; in addition the N-methylenesulphoxylate groups are more susceptible to hydrolysis 
than N-methylenesulphite groups, so that the formation of sulphate is more pronounced. 

The conclusions of Jurist and Christiansen (Joc. cit.) are thus seen to be unjustified and 
their iodine method appears to be valueless. The new labile type of methylenesulphoxylate 
grouping of these authors ismainly N-methylenesulphoxylate which has become hydrolysed 
both during treatment with iodine and on subsequent acidification. 

In the following pages an account is given of processes which will allow a manufacturer 
to control his final product and will reveal the approximate composition of a commercial 
neoarsphenamine. On the marketed material the analyses necessary are determination 
of arsenic, free sulphate, total sulphur exclusive of nuclear sulphur (by Elvove’s alkaline 
iodine method), and a methylene-blue titration. The total sulphur obtained by fusion 
methods is only slightly higher than the sulphur obtained by Elvove’s method, the difference 
corresponding to nuclear sulphur, as has been amply recorded by other observers. 

Table I shows the results which have been obtained on a series of typical commercial 
neoarsphenamines (C, to C,) made by six different firms, three British and three American, 
during the last year or two in comparison with a preparation of neosalvarsan of German 
origin. 

A pure disubstituted methylenesulphoxylate of diaminodihydroxyarsenobenzene 
requires As, 26-59% and a monosubstituted product requires As, 32-2%. The British 
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TABLE I. 

a. c. Atomic ratios. 

Total S b. Sulphate c ¢ ~ 
As, %. (Elvove),%. M-BS,* %. S, %. 100b/(a—c). As: St :M-BS 

ne oe 20°9 9°3 18 0°5 20°3 2: 20 : 0-4 
eee 17°8 9°9 3°5 10 39°1 2: 2°35: O09 
Oe  sicatssenian 19-0 8:3 3°3 0°5 42-9 2:19 : 08 
ae coomenieauen 20°9 10°3 5°9 0:3 59°5 2:22 : 13 
Ce sstetes 21°6 9-0 3-2 0°7 38°9 $3: 18 3: 07 
GS uci 20°5 7-2 3°5 0°5 52°6 2:15 : 08 
German ...... 20°4 9° 5: 0- 55°8 3: 3é.:.29 


* M-B S means sulphur found by methylene-blue. 
¢ Sulphur calculated using the value a—c. 


Pharmacopeeia (1932) demands that neoarsphenamine should contain about 20% of arsenic 
and it is probable that sodium chloride is added to commercial samples so as to meet the 
requirements of the various official control organisations. 

To gain a deeper insight into the composition and structure of commercial neoarsphen- 
amine preparations, further experiments are necessary. When the commercial neoarsphen- 
amines recorded in Table I were dissolved in water and precipitated with glacial acetic acid 
and the precipitates were collected and washed with alcohol—all operations being carried 
out in an apparatus designed to exclude all traces of oxygen (Fig. 2)—a series of products 
was obtained free from inorganic salts and uncombined reagents such as sodium formalde- 
hydesulphoxylate. Table II summarises the analytical results. 





TABLE II. 
Atomic ratios. 

S (Elvove), ¢ A ——— 

As, % %. M-B S, %. Na,%. As: S : Na 100 Na/S. 
i... sivcaiteeeaiaidainainaten 28°3 6°7 0°5 2°3 2: 11 : 0% 46°8 
SUE - énehabeuaaccead 26°4 10°0 — 2°9 2: 18 : 07 40°1 
Te .eciimededanewecdie 27°7 9°0 iq 1°5 2: 15 : 0°35 23°0 
acaciseimeeineen 37°1 10°2 — 16 2:18 : 04 21°6 
TP  ‘wiscsamesisanend 27°5 8°7 2°7 1:7 2:15 : O04 27°7 
i ‘daderssbvacueeets 30°1 77 3°3 0°6 2:12: O1 10°8 
GOPMIONE. 6andsisnsics 27°6 9°4 48 1:2 2:16: 03 18°2 


In Table III are given the results which have been obtained on synthetic products 
prepared as standards by carefully controlled condensation of salvarsan base with sodium 
formaldehydebisulphite, with sodium formaldehydesulphoxylate and with an equi- 
molecular mixture of the two. 





TABLE III. 
Condensation product. Acetic acid precipitate. Atomic 

c “~ ae. A . ratio 

As. S&S (Elvove). M-BS. As. S. M-BS. Na. 100 Na/S. 
Salv. base + 2CH,(OH)-SO,Na 20°8% 979% 0% 237% 88% 0% 50% : 
RIT CIE so incinhisnsinaensinbnintion 2 : oes 0 2 ‘as 39 : 14 79 
Salv. base + 2CH,(OH)-SO,Na 

= neoarsphenamine ......... 245% 10°4% 62% 273% 93% 46% 10% 
AdomnIS TETEEB ..c0ccccccesevcecsses 2 : oe : 1-2 2 : 16 #:0°8 : 0°23 14°5 
CH,(OH)-SO,Na . ¥ . -Qo “70 *R0 “No 

Salv. base + { CH (OH)-SO'Ne 248% 9°9 2°8% 24:99% 87% 18% 2:0% 
PRE 2 ; 0 “3 0°5 2 2:15 :03 : 0°5 32°4 


A study of the columns of atomic ratios in Table I shows that the sulphur content of 
commercial neoarsphenamine in most cases approximates to that of a disubstituted deriv- 
ative. If treatment with glacial acetic acid at about 5° is not accompanied by appreciable 
hydrolysis of N-methylenesulphoxylate groups, comparison of Tables I and II shows that 
20% or more of the sulphur as found by Elvove’s method represents uncombined sulphur 
derivatives. 

The sulphur found by methylene-blue titration expressed as a percentage of the Elvove 
sulphur, less the free sulphate content, as shown by column 6 in Table I as 1006/(a — c) is 
a very variable quantity in commercial products and in three cases approaches 60%. Our 
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own product (Table III) from pure formaldehydesulphoxylate gives the same figure of 60%. 
On this basis the German and the two commercial preparations C4 and C6 approximate to 
pure sulphoxylate preparations. Again, in our preparation of neoarsphenamine the 
percentage of Elvove sulphur in the original material in combination with the arseno- 
benzene structure is 8-3% (9-3 x 34-5/27-3). The methylene-blue figure of 6-2 on this 
product thus corresponds to 75% of the combined N-methylenesulphoxylate, and this we 
believe to be the position of equilibrium arrived at in the titration of combined N-methylene- 
sulphoxylate groups by methylene-blue in neoarsphenamine. It is of interest and signi- 
ficance that the German sample and the commercial sample C4 give exactly the same point 
of equilibrium at 75% conversion on methylene-blue titration, again, evidence of their being 
pure sulphoxylate preparations. 

In the last column of Tables II and III is recorded the percentage of methylenesulph- 
oxylate (or methylenesulphite) radicals which remain combined with sodium after acetic 
acid precipitation. We were already familiar with the fact that an OO’N-trimethylene- 
sulphite preparation as exemplified by sulpharsphenamine (Dyke and King, Joc. cit.) on 
similar treatment furnished a material which was mainly a sodium salt. The results now 
obtained on our NN’-dimethylenesulphite of salvarsan base (Table III) are of the same 
order, for almost 80° of the groups are combined with sodium. On the other hand, the 
acetic acid precipitate from a pure sulphoxylate preparation, neoarsphenamine of Table III, 
has only 14-5% of its N-methylenesulphoxylate groups combined with sodium. As might 
be expected, a product prepared from equimolecular proportions of sodium formaldehyde- 
sulphoxylate and sodium formaldehydebisulphite has an intermediate percentage of groups 
combined with sodium, namely, 32-4%. 

On this basis, therefore, the German and the commercial products C4 and C6 again 
correspond approximately to pure sulphoxylate preparations. The percentage of sulphur- 
containing radicals combined with sodium in the remaining preparations leads us to believe 
that C3 is mainly but not entirely a sulphoxylate preparation, C2 contains still less, whilst 
Cl contains very little sulphoxylate. The methylene-blue titration figures of the original 
preparations given in Table I supply full confirmation of this view. In commercial prepar- 
ations of low sulphoxylate content and high percentage of radicals combined with sodium, 
a comparison of the analytical figures with those of our synthetic products suggests that the 
deficiency is made up by methylenesulphite radicals, sulphate being excluded. We have 
refrained from utilising in the discussion the methylene-blue figures for the acetic acid 
precipitated solids, since they are possibly subject to greater errors owing to certain 
experimental difficulties in their determination. 

In conclusion we may compare our preparation of neoarsphenamine (made under great 
precautions in a specially designed apparatus, Fig. 1, which enables all the operations to be 
effected in absence of oxygen) with the International Standard, No. 2204 of 1930 (League 
of Nations Rep., CH. 734 of 1928, p. 57). Table IV records atomic ratios so as to facilitate 
comparison on a common basis. 








TABLE IV. 
Original preparations. Acetic acid precipitate. 
‘As S. MBS. As. S. MBS. Na. 
International standard  ..........seeeeeeees 2 2°1 1:2 2 16 0°8 0°29 
Preparation A of D. & K.. ..........ecceees 2 2°0 1:2 2 16 0-8 0°23 


As far as the chemical properties and analytical data are concerned, the substances 
appear to be identical. The International Standard is therefore a pure methylenesulph- 
oxylate preparation substituted only on nitrogen. 

In our previous communication we showed that another soluble derivative of salvarsan, 
namely, sulpharsphenamine, was a derivative of salvarsan base in which both phenolic 
groups and one amino-group were combined with methylenesulphite groups. In a later 
communication in this field of work it is hoped to correlate the toxicities and therapeutic 
activities of many of the theoretically possible O- and N-methylenesulphites and N-methyl- 
enesulphoxylates of salvarsan base with their constitution. 
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EXPERIMENTAL. 


Titration of Sulphoxylate Compounds with Methylene-blue.—A solution of methylene-blue 
(5 g. of the pure material in 1 1. of water) was standardised by titration against titanous chloride 
solution as described by Knecht and Hibbert (“ New Reduction Methods in Volumetric 
Analysis,’’ London, 1925, p. 101). For convenience in calculation it is advisable to express the 
strength of the dye solution as grams of sulphoxylate sulphur per c.c. (one molecule of methylene- 
blue oxidises one atom of sulphoxylate sulphur to sulphite). 

A small round-bottomed flask is fitted with a bung with four apertures, through which pass 
an inlet and an outlet tube for nitrogen, the tip of the burette containing the dye, and a small 
funnel. The nitrogen is conveniently obtained free from oxygen by passing the commercial 
product successively through bottles containing strips of copper wire in aqueous ammonia and 
thence through dilute sulphuric acid to remove ammonia—the method used in the work on 
Vitamin D in this Institute (Angus e¢ al., Proc. Roy. Soc., 1931, B, 108, 340). The efficacy of the 
process is shown by the fact that /euco-dyes remain colourless indefinitely in an atmosphere of 
nitrogen purified in this manner. The gas is bubbled through the liquid in the titration flask 
to facilitate mixing. 

Application to neoarsphenamine. Sodium acetate solution (30 c.c. of 0-1N) is placed in the 
flask, and nitrogen passed through for some time to de-aerate the liquid. The neoarsphenamine 
(0-1 g.) in a small capsule is quickly introduced into the flask, followed by 40 c.c. of alcohol 
saturated with nitrogen, this quantity being such that the final solution after titration contains 
about 50% alcohol, which keeps the /euco-methylene-blue in solution. The liquid is then 
titrated against the dye at room temperature. It is advisable to add the dye drop-wise, since 
otherwise some undesirable flocculation occurs. In the case of neoarsphenamine reduction is 
usually rapid at first but subsequently proceeds at a slower rate. After much experimentation 
we find that consistent results are obtained when the end-point is taken at the stage where a 

‘shade of blue persists, in the bluish-green colour due to 2 drops of the dye, for 30 seconds. The 
function of the sodium acetate is to act as a buffer against the acidity produced by reduction of 
the methylene-blue. 

In the case of acidic substances insoluble in water, such, for instance, as the products pre- 
cipitated from neoarsphenamine by glacial acetic acid, the following modification has been 
adopted. The weighed substance is placed in the titration flask, which is swept out with 
nitrogen as before, and then dissolved in saturated sodium bicarbonate solution (2 c.c.). Glacial 
acetic acid is then added drop by drop untila slight turbidity appears. Sodium acetate solution 
(25 c.c. of 0-1N) and alcohol (40 c.c.), both saturated with nitrogen, are added, and a clear liquid 
should then result. The titration is thereafter carried out as before. 

Sodium formaldehydesulphoxylate reduces methylene-blue extremely slowly, one drop 
partially in 3 minutes, under the above conditions, and when added to a neoarsphenamine does 
not significantly affect the titre. The reaction with sodium formaldehydesulphoxylate is 
catalysed by strong sunlight, an electric arc-lamp, or a new mercury vapour lamp. For this 
reason neoarsphenamine titrations should be performed in diffused daylight. When sodium 
formaldehydesulphoxyiate is titrated with methylene-blue in weakly acid media, such as a 
pu 3 buffer sclution or 0-2N-acetic acid at 100°, quantitative results are obtained [Found : 
S, 20-8. Calc. for CH,(OH)*O-SONa,2H,O: S, 20-8%]. Thionine gives equally good results, 
but suffers from the disadvantage of being less soluble. 

The strength of the methylene-blue solutions stored in a brown bottle in the dark was checked 
at intervals, either against titanous chloride or against fresh recrystallised sodium formaldehyde- 
sulphoxylate of known iodine titre, without showing any depreciation in titre over several weeks. 

In our experience sodium formaldehydesulphoxylate of commerce is strongly alkaline in 
reaction and keeps well. When recrystallised from 0-8 part of water, the pure neutral salt is 
obtained. The freshly recrystallised material, crystallised in a nitrogen atmosphere, was used 

in all our experiments. Its purity was always checked by iodine titration. Such neutral 
preparations do not, however, keep well. 

Crystalline N-Methylenesulphoxylates and N-Methylenesulphites and theiy Behaviour towards 
Iodine and Methylene-blue.—Sodium anilino-N-methylenesulphoxylate. A suspension of aniline 
(3 g.) in a solution of recrystallised sodium formaldehydesulphoxylate (5-1 g.) in water (6 c.c.) 
was vigorously stirred in a small vessel fitted with a rubber bung provided with a mercury-sealed 
stirrer and inlet and outlet tubes for oxygen-free nitrogen. After 1-5 hours’ stirring at 70—80° 
in an atmosphere of nitrogen, the aniline suddenly went into solution, the liquid at this stage 
having an acid reaction. The solution was concentrated in a vacuum over sulphuric acid until 
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crystallisation set in. The product, silky needles (1 g.), was rapidly dried on porous plate and 
dehydrated over sulphuric acid in a high vacuum [Found in two preparations: S (Elvove), 
17-2, 17-1; S (methylene-blue) at 60°, 13-4. Calc. for CgH,;;-NH°CH,°O°SONa: S, 16-6%]. 
The two preparations consumed on direct titration 18-1 and 18-3 c.c. of 0-1N-iodine per 0-1 g. 
and the liquor therefrom gave gravimetrically 15-0 and 15-4% respectively of S as sulphate, 
corresponding to about 90% oxidation of the sulphur to sulphate. The calculated titre for 
0-1 g. if oxidised completely to sulphate by iodine is 20-7 c.c. of 0-1N. The compound is unstable 
in air, rapidly reddening with liberation of aniline and hydrogen sulphide. It reduces methylene- 
blue very slowly at room temperature. 

Sodium o-toluidino-N-methylenesulphoxylate. Prepared similarly to the aniline compound 
(compare Reinking, Dehnel, and Labhardt, Joc. cit.) from o-toluidine (2-2 g.), sodium formalde- 
hydesulphoxylate (3-3 g.), and water (3 c.c.), this compound crystallised as a tetrahydrate in long 
needles (2-6 g.). After drying on porcelain the product was analysed immediately. During 
condensation hydrogen sulphide was evolved and the liquor became acid in reaction [Found : 
S (Elvove), 11-7; Na, 8-6. C,H,*NH*CH,*O*SONa,4H,O requires S, 11-5; Na, 8-2%]. On 
direct titration 0-1 g. required 11-8 c.c. of 0-1N-iodine and the sulphate found in the liquor 
corresponded to S, 10-4% or 90% of the total. For complete oxidation to sulphate, 0-1 g. would 
require 14-3 c.c. of 0-1N-iodine. A second preparation was dehydrated in a high vacuum 
over sulphuric acid [Found : S (Elvove), 15-6; S (methylene-blue, mainly at room temperature, 
finally at 70°), 11-6. Calc. for C,H,*~NH*CH,°O*SONa: S, 15-5%]. On direct titration 0-1 g. 
required 17-1 c.c. of 0-1N-iodine and S in liquor as sulphate was 14-1% or 90% of the total. 
For complete oxidation to sulphate 0-1 g. would require 19-3 c.c. of 0-1N-iodine. This sub- 
stance is very unstable, has an acid reaction in aqueous solution, and owing to this acidity 
reduces methylene-blue at room temperature. 

Sodium 4-carboxyanilino-N-methylenesulphoxylate. This compound (compare Binz and 
Holzapfel, Joc. cit.) was prepared by condensation of p-aminobenzoic acid (3 g.) with sodium 
formaldehydesulphoxylate (4 g.) in water (4 c.c.) at 60° ina nitrogen atmosphere. Condensation 
was rapid and the required substance crystallised as a tetrahydrate on cooling. It was collected 
in an atmosphere of carbon dioxide and dried on porcelain (yield, 3-5 g.) [Found : S (Elvove), 
10-5; S (methylene-blue at 60—100°), 7-9; Na, 7-1. C,H,(CO,H)*NH°CH,°O*SONa,4H,O 


requires S, 10-4; Na, 7-4%]. On direct titration 0-1 g. required 9-8 c.c. of 0-1N-iodine, whereas 


the calculated value assuming complete oxidation to sulphate is 12-9 c.c. This substance 
crystallises in small delicate plates which are very unstable : they slowly reduce methylene-blue 
at room temperature. 

Sodium anthranilino-N-methylenesulphoxylate. Prepared similarly to the foregoing com- 
pound (compare Binz and Holzapfel), this substance formed a tetrahydrate, crystallising in plates 
(yield, 4 g.) [Found : S (Elvove), 10-0; S (methylene-blue), 6-9; Na, 6-9. C,H,O,NSNa,4H,O 
requires S, 10-4; Na, 7-4%]. On direct titration 0-1 g. required 9-3 c.c. of 0-1N-iodine and 
9-8 c.c. in sodium bicarbonate solution. The substance is unstable and evolves hydrogen 
sulphide. 

Sodium 2-hydroxy-5-carbomethoxyanilino-N-methylenesulphoxylate (I). Methyl 3-amino- 
4-hydroxybenzoate (‘‘ orthoform ’’), suspended in water (3-3 g. in 5 c.c.), was condensed with 
sodium formaldehydesulphoxylate (3-8 g.) in a nitrogen atmosphere. After 30 minutes at 
50—55° all the base passed into solution. Water (2 c.c.) was added together with a few drops of 
dilute alkali solution to remove the slight acidity which had developed. On cooling, the required 
compound crystallised well in hexagonal plates, which were collected in an atmosphere of carbon 
dioxide and rapidly dried between filter-paper. This salt crystallised with 3} molecules of water 
and in the interval between analyses was preserved in a vacuum [Found: S (Elvove), 10-0; 
10-0; S (methylene-blue), 8-1 in sodium acetate solution at 70°; 8-9 in 0-1N-acetic acid at 
95—100°; Na, 7-0, 6-9; Me, 5-0; H,O, 19-7. C,H,,O0,;NSNa,3}H,O requires S, 9-7; Na, 7-0; 
Me, 4-5; H,O, 19-14%]. On direct titration 0-1 g. required 10-7 and 10-3 c.c. of 0-1N-iodine and 
these liquors contained 9-1 and 8-9% of sulphur respectively as sulphate as found gravimetrically. 
The iodine oxidation liquors also contained combined sulphite as shown by hydrolysis. For 
complete oxidation to sulphate 0-1 g. would require 12-1 c.c. of 0-1N-iodine. The sulphur 
oxidised by iodine and found as sulphate is about 90% of the total possible. On titration with 
phenolphthalein as indicator 0-1 g. required 2-2 c.c. of 0-1N-sodium hydroxide, the calculated 
value for one acidic group being 3-0c.c. This is consistent with the presence of a free phenolic 
group which is neutralised to the extent of 70%. This compound is relatively stable in a 
vacuum, but rapidly decomposes on exposure to the air. 

Sodium 2-hydroxy-5-carbomethoxyanilino-N-methylenesulphite (II). Without special pre- 
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cautions, “‘ orthoform ” (3-3 g.), sodium formaldehydebisulphite (3-1 g.; 2 equivs.), and water 
(5 c.c.) were warmed together at 70—75°. After 5 minutes a clear solution was obtained which 
was kept at the same temperature for 30 minutes more. On cooling, the required salt crystallised 
readily (yield anhydrous, 4-8 g.). A trace of unchanged “‘ orthoform ” was removed by ether 
extraction, and the residual solid (4-7 g.) crystallised from water (7 c.c.). This salt separated as 
a dihydrate in elongated plates which showed no coupling reaction after diazotisation [Found : 
N, 4:5; S(Elvove), 10-2; Na, 7-0; H,O, 11-4. C,H,,O,NSNa,2H,O requires N, 4-4; S, 10-0; 
Na, 7:2; H,O, 11-:3%]. 

Preparation of Neoarsphenamine.—Although it is stated in the patent literature that neo- 
arsphenamine may be prepared by adding sodium formaldehydesulphoxylate to salvarsan 
(dihydrochloride), it is obvious that, since hydrochloric acid is present, decomposition products 
of sulphoxylate, which is sensitive to acids, would be expected in the final product. For this 
reason salvarsan base only was used in the following condensations. The base was prepared from 
3-amino-4-hydroxyphenylarsonic acid by sodium hydrosulphite reduction (Christiansen, J. 
Amer. Chem. Soc., 1921, 48, 2202), treated with dilute sodium bicarbonate solution, and well 
washed to remove certain sulphur-containing impurities. The salvarsan base after drying was 
stored in evacuated ampoules and the same preparation was used throughout our work. 

Since neoarsphenamine is extremely susceptible to atmospheric oxidation, the apparatus 
shown diagrammatically in Fig. 1, in which all operations may be carried out in an inert atmo- 
sphere, was designed for use in its preparation. A is a small vessel in which the condensation 
is carried out and is provided with a bung carrying inlet and outlet tubes for nitrogen and a 
mercury-sealed stirrer. The stirrer is constructed of hollow glass tubing, open at both ends, so 
that the liquid in the vessel A may be withdrawn through it, after the condensation, along the 
bent tube BC. During the condensation this tube is disconnected at B, and the stirrer sealed, 
full of nitrogen, with a small stopper. D isa sintered glass filter (Jena, 3G3) which is attached 
to a dropping funnel E by means of a rubber bung. The bungs in D and E are provided with 
inlet and outlet tubes for nitrogen. The apparatus is first well swept out with nitrogen and after 
the condensation is completed the liquor is drawn through the stirrer by applying suction at D, 
after the remaining four taps have been closed. To clarify the neoarsphenamine solution it is 
advisable to have a small kieselguhr bed on the sintered filter D. The clear solution having 
been collected in E, nitrogen is re-admitted. G is a vessel in which precipitations in vigorously 
stirred alcohol are carried out. It is fitted with a rubber bung carrying a mercury-sealed 
stirrer, a dropping funnel H, inlet and outlet tubes for nitrogen, and an adapter F. At the 
bottom of G is a wide-bore tap fitted into the rubber stopper of the sintered glass filter J (Jena 
11G2). This filter is also provided with inlet and outlet tubes for nitrogen and is attached to the 
filter flask K. Air-free alcohol may be obtained by further de-aeration of nitrogen-saturated 
alcohol in the reservoir H by further passage of nitrogen. The aqueous liquor in E is added 
dropwise to the alcohol in G in a nitrogen atmosphere and the precipitated neoarsphenamine is 
collected on the funnel J, a slight positive pressure of nitrogen being a sufficient aid to filtration. 
The product is finally washed with alcohol from H, and the vessel J, without its fittings, is 
quickly transferred to a desiccator for drying in a high vacuum. 

Preparation A. A mixture of salvarsan base (1-83 g.), recrystallised sodium formaldehyde- 
sulphoxylate (1-54 g.; 2 equivs.), and water (10 c.c.) was stirred at 60° until the base just went 
into solution (5 minutes). The filtered solution was added dropwise to alcohol (170 c.c.), and the 
precipitated neoarsphenamine collected, washed with alcohol (40 c.c.), and dried in a high 
vacuum, The substance was a pale yellow solid, very easily soluble in water, its aqueous 
solution having a pg value of 6 (yield, 2-3 g.) [Found : As, 24-5; S (Elvove), 10-4; S (methylene- 
blue), 6-2; whence As : S (Elvove) : S (methylene-blue) = 2: 2: 1-2]. 

The effect of varying some of the factors is summarised in the following table. 


Salv. Atomic ratios. 

Prepar- base, CH,(OH)-O-SONa, Time, S(E),¢ S(M-B),f As: S :M-BS 
ation. equiv. equiv. Temp. mins. As,%. %. %.- —q 

1 60° 61 24°5 10°4 6° : : 

1 50 165 24°2 10°1 5: 

1 ; 60 30* 21°6 11°6 6° 

1 58 45* 22-0 11°9 7 

1 60 30* 18°5 12°2 5° 

3: 


eye ee 
Oe Oe SO bo 


1 15 60—65 180 28-0 8-4 


* Heating was continued for a further 30 minutes after complete solution had been effected. 
t (E) means Elvove. { (M-B) means methylene-blue. 
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In all the above experiments 1-83 g. of salvarsan base were used except in C, where double 
quantities were employed. The volume of water throughout was 10 c.c. and the volume of 
alcohol for precipitation 170 c.c., except in F, where only 100 c.c. were used. The py of the final 
material was usually 6-0. 
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Of preparation C, 4-5 g. were dissolved in water (12-5 c.c.) in the above-described apparatus 
and reprecipitated by alcohol (170 c.c.) [Found: As, 22-5; S (Elvove), 11-7; S (methylene- 
blue), 6-3%; whence As:S (Elvove) : S (methylene-blue) = 2: 2-4: 1-3]. This preparation 
could not be precipitated by pouring a concentrated aqueous solution into pure methyl alcohol 
or into a 50% ethyl alcohol—methy] alcohol mixture. 

Of preparation E, 2-1 g. were dissolved in water (10 c.c.) and reprecipitated by alcohol 
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(170 c.c.) [Found: As, 21-9; S (Elvove), 12-4; S (methylene-blue), 6-2%; whence As:S 
(Elvove) : S (methylene-blue) = 2: 2-7: 1-3]. Of this product, 1-25 g. and sodium formaldehyde- 
sulphoxylate (1-25 g.) were dissolved in water (10c.c.) and poured into alcohol (170 c.c.) [Found : 
As, 20-4; S (Elvove), 13-4%; whence As: S = 2: 3-1]. 

Precipitation of Neoarsphenamine and Allied Products with Glacial Acetic Acid.—To ensure 
oxygen-free conditions the apparatus shown in Fig. 2 was used. C isa vessel of about 60 c.c. 
capacity in which precipitations are carried out. It is fitted with a rubber bung carrying small 
dropping-funnels A and B with inlets and outlets for pure nitrogen. The vessel C is provided 
with a large-bore tap D, and fits into the rubber bung in a sintered glass filter E (Jena 3G4), 
which is also provided with inlet and outlet tubes for nitrogen. The filter E is attached to a 
filter flask F. The vessels C and E are surrounded by ice-baths. The apparatus is first swept 
out with nitrogen. A solution of neoarsphenamine (2 g.) in air-free water (5 c.c.) is prepared in 
C and cooled by means of the external bath of ice. Glacial acetic acid (40 c.c.) in A and alcohol 
(20 c.c.) in B are de-aerated by passage of nitrogen. Theaceticacid is then added drop-wise to 
the solution in C, nitrogen bubbling vigorously through the liquid to ensure thorough mixing, 
When all has been added, the precipitate is collected on the filter E by opening D. Ice-cooling 
and a nitrogen atmosphere are maintained during the filtration. The precipitate is finally washed 
with alcohol from B and then quickly transferred on the filter E to a high vacuum for drying. In 
the case of pure sulphoxylate compounds, owing to the extremely finely divided nature of the 
precipitate, some loss is encountered during filtration, but average yields of 1 g. are obtained. 
The following table summarises the analytical data for the acetic acid precipitates of neo- 
arsphenamine preparations A, B, and D of the previous table. 


Atomic ratios. 
S (Elvove), S (M-B), Na, As : S (E):S(M-B): Na 
%. %. % - 





Preparation. As, %. % ys P . 
A 27°3 9°3 4°6 10 2:16 : O8 : 0°23 
B 27°3 9°4 4:9 10 2:16: O8 : 0°24 
D 27°5 10°3 _- _ 2: 17 — _— 


The results for the neoarsphenamine preparations and the acetic acid precipitations therefrom 
may be briefly summarised. The amount of combination on the amino-groups increases with 
the proportion of sodium formaldehydesulphoxylate employed. Condensation is more rapid 
the more concentrated the sodium formaldehydesulphoxylate solution used. It is impossible to 
remove excess of sodium formaldehydesulphoxylate by means of alcohol, since sodium form- 
aldehydesulphoxylate is less soluble than its condensation product, but possible by means of 
acetic acid. At least 1-5 equivalents of sodium formaldehydesulphoxylate must be used to 
effect condensation; and prolonged condensation times are undesirable as well as high tem- 
peratures, since slow decomposition sets in, as is shown by evolution of hydrogen sulphide. 
There is no evidence for the presence of substituents on the phenolic groups. 

Preparations containing Formaldehydebisulphite.—Preparation G. Salvarsan base (1-83 g.) 
and two equivalents of a 50% mixture of sodium formaldehydesulphoxylate and sodium form- 
aldehydebisulphite formed a clear solution in 30 minutes at 55—60°. The product precipitated in 
alcohol (200 c.c.) was a light yellow powder (2-3 g.), easily soluble in water, pg 8 [Found : As, 
24-8; S (Elvove), 9-9; S (methylene-blue), 2-8% ; whence As : S (Elvove) : S (methylene-blue) = 
2: 1-9: 0-5). 

Preparation H. Using 2-5 equivalents of a 50% mixture of sodium formaldehydesulphoxylate 
and sodium formaldehydesulphite, solution of salvarsan base (1-83 g.) was effected in 15 
minutes at 58°, but this temperature was maintained for a further 15 minutes; yield 2-7 g., 
pu 8 [Found : As, 22-0; S (Elvove), 11-2; S (methylene-blue), 3-0% ; whence As : S (Elvove) :S 
(methylene-blue) = 2 : 2-4: 0-6). 

Preparation J. Disodium 3: 3’-diamino-4 : 4’-dihydroxyarsenobenzene-N N’-dimethylene- 
sulphite (J., 1933, 1011) was prepared by condensing 2-5 equivalents of sodium formaldehyde- 
bisulphite with salvarsan base [Found : As, 20-8; S (Elvove), 9-9; free SO,” S, 0:-7%. As:S 
(sulphite) = 2 : 2-0}. 

The effect of glacial acetic acid precipitation on these products is tabulated below. 


Atomic ratios. 





S (Elvove), S (M-B), c . 

Preparation. As, %. %. , > Na, %. As: S(E) :S(M-B): Na 
G 27:0 8°7 18 2-0 2: 15 ; O83 : 05 

H 26°3 9°7 1°7 2°5 S: 17 3: OO 306 

J 23°7 8°8 0:0 5°0 2 1-7 00 :14 
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Action of Iodine on N-Methylenesulphoxylates and N-Methylenesulphites in the Presence of 
Arseno-groups.—Disodium 3 : 3'-diamino-4 : 4'-dihydroxyarsenobenzene-NN'-dimethylenesulphite. 
On direct titration of 0-1 g. (Preparation J) the consumption of iodine was 10-0 c.c., correspond- 
ing to 7-2 atoms of iodine. Similarly, when treated with excess of iodine and back-titrated, 
0-1 g. consumed 10-5 c.c. 0-1N-iodine, The liquor from the former titration without further 
acidification gave on gravimetric analysis S, 2-7% free as sulphate. The experiment was 
repeated with the addition of 5 c.c. of 3N-hydrochloric acid to the liquor after exact oxidation 
with iodine and here the free sulphate corresponded to S, 5-6%. Thus, although the iodine titre 
corresponds approximately to the theoretical requirements of the arseno-groups alone (compare 
Wright, Proc. Soc. Exp. Biol. Med., 1933, 31, 170), nevertheless combined sulphur in the side 
chain becomes oxidised to sulphate, the amount depending on the degree of acidity of the 
solution. 

N-Methylenesulphoxylate-N-methylenesulphite preparation. Preparation H on direct titration 
with iodine required 15-9 c.c. of 0-1N-solution for 0-1 g., and the liquor without acidification 
gave S, 5-0% in the form of free sulphate. Ina parallel experiment hydrochloric acid was added 
after iodine titration and the sulphur found as free sulphate was 8-2%, whereas the total sulphur 
found by Elvove’s method was 11-:2%. 

N-Methylenesulphoxylate preparation. Neoarsphenamine, preparation A, required 19-7 c.c. 
of 0-1N-iodine for 0-1 g. on direct titration. The liquor was assayed for sulphate without further 
acidification and gave S, 8-1% in the form of free sulphate. In.a parallel experiment hydro- 
chloric acid was added after iodine titration and the sulphur found as free sulphate was S, 9-2%, 
whereas the total sulphur found by Elvove’s method was 10-4%,. 








We are indebted through Dr. P. Hartley to Dr. G. W. McCoy, Director, National Institute 
of Health, Washington, for a gift of American neoarsphenamines, One of us (W. J. C. D.) is 
indebted to the University of Wales for a Fellowship. 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 
Lonpon, N.W. 3. [Received, July 30th, 1934.) 





375. Free Radicals and Atoms in Primary Photochemical Processes. The 
Photo-dissociation of Aliphatic Ketones and Aldehydes. 


By Tuomas G. PEARSON. 


BERTHELOT and GAUDECHON (Compt. rend., 1910, 151, 478; 1912, 155, 207) showed that 
acetone is decomposed in ultra-violet light, yielding equivalent amounts of carbon monoxide 
and ethane, and Norrish and Appleyard (this vol., p. 874) obtained from the photolysis 
of methyl ethyl ketone almost equivalent amounts of ethane, propane, butane, and 
carbon monoxide, together with much smaller quantities of ethylene (C,H;,-CO-CH, —> 
CH,:CH, + CH,*CHO). Norrish suggested (Trans. Faraday Soc., 1934, 30, 107) that the 
primary decomposition of methyl ethyl ketone cannot conform to an equation of the type 
found valid for aldehydes, viz., CH,;->CO*-C,H; —-> C,H, + CO, since in this case propane 
would be the only hydrocarbon formed. The primary change must involve free radicals, 
e.g., CH,*CO-C,H;, —-> CH,° + C,H;°CO*, and those of the latter type must decompose 
spontaneously in order to account for the quantitative formation of carbon monoxide and 
the absence of detectable quantities of diketone (Rice, ibid., p. 168). The free hydrocarbon 
radicals then recombine to give the mixture of hydrocarbons found in practice. 

This postulation of different mechanisms in the photolysis of ketones on the one 
hand and aldehydes on the other has, however, been questioned (ibid., p. 118). The 
present work directly demonstrates that, in the photolysis of acetone, methyl! ethyl 
ketone, and diethyl ketone, free alkyl radicals are produced, which may be detected beyond 
the irradiated zone by their action on mirrors of antimony, lead, and tellurium, whereby 
they form the corresponding metal alkyls. The half-life period of the radicals formed from 
acetone, 5-3 x 10° sec., is close to that determined by Paneth and Hofeditz (Ber., 1929, 
62, 1335) for free methyl, viz., 5-8 x 10° sec. The virtually unimolecular character of 
their association also strongly supports the assumption which is made, that the radicals 
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effecting the removal of the metallic mirrors are methyls. If formed at all, acetyl radicals 
are unquestionably of very short life, certainly less than 10° sec. 

Inthe photolysis of methyl butyl ketone, however, repeated attempts failed to disclose the 
presence of free radicals under similar conditions of irradiation. Free radicals, if formed 
in the primary process, have a concentration below one-twentieth of that of the methyl 
radicals resulting from acetone. This is in accord with the view of Norrish and Appleyard 
(loc. cit.) that the process here involved is almost quantitatively CH,[CH,],-;CO-CH, —> 
CH,*CH:CH, + CO(CHs).. Acetone formed under the author’s experimental conditions 
would be of such slight concentration in the irradiated zone that radicals arising from its 
photolysis might well escape detection. 

The photo-dissociation of aldehydes has received much attention: formaldehyde 
(Bredig and Goldberger, Z. physikal. Chem., 1924, 110, 530; Bates and Spence, J. Amer. 
Chem. Soc., 1931, 53, 1694; Norrish.and Kirkbride, J., 1932, 1518); acetaldehyde (Berthe- 
lot and Gaudechon, Compt. rend., 1913, 156, 68, 233; Bowen and Watts, J., 1926, 1607; 
Smith, Carnegie Inst., Washington, 1928, 27, 178; Leighton and Blacet, J. Amer. Chem. 
Soc., 1932, 54, 3165; 1933, 55, 1766); propaldehyde (Berthelot and Gaudechon, Joc. cit. ; 
Franke and Pollitzer, Sitzungsber. K. Akad. Wiss., Wien, 1913, 122, 183); tsobutaldehyde 
(idem, tbid.). These researches have shown the end-products to consist largely of a hydro- 
carbon and carbon monoxide, R-CHO —-> R-H + CO, and in the case of formaldehyde, 
hydrogen and carbon monoxide in 95% yield, HCHO —> H, + CO. 

Two primary processes have been suggested: that of Henri (Letpziger Vortrage, 1931, 
131), Herzberg (Trans. Faraday Soc., 1931, 27, 378), and Mecke (Nature, 1930, 125, 526) in- 
volves a free hydrogen atom, H-CHO + hy = H + COH; and that of Norrish and Kirk- 
bride (Trans. Faraday Soc., 1931, 27, 404) involves direct production of molecular hydrogen 
from formaldehyde, H-CHO + Av = H, + CO, and of a hydrocarbon from higher aldehydes, 
R-CHO + Av = RH + CO, a suggestion deduced from the unit quantum efficiency of the 
process, which would be unlikely if hydrogen atoms were present, as they would almost 
certainly become involved in secondary reactions with unchanged aldehyde molecules 
(Leighton and Blacet, Joc. cit.). Later, Norrish (Trans. Faraday Soc., 1934, 30, 108) 
suggested that the process might occur in two stages, the first step, R-CHO—> 
R: + H-CO- — 89-5 Cals., being followed so rapidly by the second step, H-CO* —> 
H + CO (thermoneutral), that the R radicals and H atoms never get free of one another’s 
sphere of influence, and are therefore eliminated as a single saturated hydrocarbon RH. 
In the present work, repeated attempts to establish the presence of free radicals or of 
hydrogen atoms in the photolysis of acetaldehyde and propaldehyde have been unsuc- 
cessful. There is, thus, a fundamental difference in the dissociation of aldehydes and 
ketones, of which Norrish and Kirkbride’s mechanism may afford the explanation. The 
instability of the R-COs radical (if, indeed, it is formed) indicates that Norrish’s modified 
mechanism may well be correct, as does the fact that the “‘ magnitude of the limiting 
quantum necessary to the decomposition of such aldehydes is about 89 Cals. (3200 A.U.), 
a value which agrees well with the thermal value for the C-C bond, but is inadequate for 
the rupture of the C-H bond ”’ (idem, ibid.). 


EXPERIMENTAL. 


Macfarlan’s B.P. acetone was dried and fractionated through a 15-inch column; b. p. 56-1°. 
Methy] ethyl ketone (300 c.c.) was converted into the bisulphite compound, air drawn through the 
suspension at 40—45° for 15 hours, the compound filtered off at room temperature, washed with 
ether and allowed to dry for 10 hours in the air, and the ketone liberated by steam-distillation, 
dried, and fractionally distilled with large rejections (yield 50 c.c., b. p. 79-5°). Diethyl 
ketone was available only in small quantity, and was redistilled before use. Methyl butyl 
ketone, prepared from n-propyl iodide and acetoacetic ester, was purified in the manner 
described under methyl ethyl ketone; b. p. 127°; semicarbazone, m. p. 122°. Acetaldehyde 
was prepared by the catalytic depolymerisation of pure (fractionally distilled) paraldehyde 
(b. p, 124-1°), and was itself fractionated; b. p. 21-2°. Propaldehyde was fractionally distilled, 
b. p. 49-5°. 


The apparatus employed is shown in Fig. 1. The aldehyde or ketone contained in vessel J 
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was admitted to the system via the capillary H and the rate-control taps 7, and T., whence, 
after passing over a considerable surface of silver foil in E to remove mercury acquired from the 
manometer F, it entered the quartz tube C, and was subsequently frozen out in the trap A 
immersed in liquid air. The vacuum was maintained by means of a Kaye annular-jet mercury- 
vapour pump backed by two Hyvac oil pumps. To assist in fashioning the metal mirrors, 
hydrogen, prepared from A.R. zinc and pure hydrochloric acid, washed over 30% potassium 
hydroxide, and dried with potash pellets, was available at tap T,. 

In a typical experiment, the acetone in J was frozen in liquid air, and the apparatus exhausted 
with T,and T,open. TJ, wasclosed, and the acetone melted to release dissolved and imprisoned 
gas, which was subsequently removed by the pumps. This procedure was repeated three times. 
A mirror of suitable dimensions was formed at C with the aid of a small blow-pipe flame from 
the supply of metal in the depression B blown in the quartz tube (Pearson, Robinson, and 
Stoddart, Proc. Roy. Soc., 1933, 142, 275). The quartz tube was shrouded with copper foil 
and wet cotton-wool, excepting a length of 5 cm. in which the vapour was to be exposed to 
the unfiltered radiation from a quartz-mercury vapour lamp (220 volts; 3 amps.) operating at 
a distance of 2-5 cm. from the tube. The pressure of acetone vapour was adjusted by means 
of T,, and the vapour irradiated by raising the diaphragm D after the mercury lamp had been 
allowed to burn for 2 minutes. Despite the small diameter of the tube, 0-6 cm., the short 
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length illuminated, 5-0 cm., and the low pressure obtaining within it, 0-5—2-5 mm. of mercury, 
mirrors of antimony opaque in ordinary daylight and 1-5 mm. in width were completely removed 
at distances up to 25 cm. (the maximum available) from the illuminated zone in times ranging 
from 12 to 60 minutes according to the thickness of the mirror and its proximity to the source. 
The products which condensed in the trap A after 2 hours with a heavy mirror situated 5 cm. 
from the source had a strong garlic odour similar to that of the antimony alkyls, whilst the 
acetone solution, faintly yellow at the room temperature, darkened in colour as it was cooled 
(compare Paneth, Trans. Faraday Soc., 1934, 30, 179). The amount of volatile antimony 
compounds formed, estimated from the weight of mirror removed and the residue of antimony 
left after decomposing the products in the liquid-air trap, was too small (< 5 mg. per hour) for 
ordinary microchemical identification, particularly in the presence of 10—20 c.c. of acetone. 
Additional evidence was therefore sought by substituting tellurium for antimony. The products 
in the trap were slowly warmed to room temperature. The peculiar, dry, dusty smell of 
hydrogen telluride was not perceptible (b. p. —4-0°). The majority of the acetone was then 
removed by slow evaporation at the room temperature. The residue, a few drops of liquid, 
b. p. > 70° (dimethyl telluride has b, p. 85°), had the nauseating odour typical of alkyl tellurides. 
In a similar manner mirrors of lead, known to be unattacked by atomic hydrogen (Pearson, 
Robinson, and Stoddart, Joc. cit.), were completely removed by the present aggressive agent. 
To confirm the inference that this agent arose through the photolysis of acetone, and not 
by a direct attack of warm acetone vapour, control experiments were carried out without the 
lamp, in which the tube was heated to about 50°, the temperature estimated to obtain during 
irradiation. A mirror 5cm. from the heated zone, and so thin as to be transparent, was unaffected 
after 2 hours. A similar experiment in which the tube was heated to 150° likewise gave a 
negative result. 
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The life period of the free radicals from acetone was determined by comparing the times 
necessary for the disappearance of standard mirrors at different distances from the source 
(Paneth and Hofeditz, Joc. cit.). The preparation of the standard mirrors was considerably 
facilitated by using as a standard for comparison a ring of soot smoked into a glass tube, but 
even with this aid, it was not possible to obtain times of disappearance agreeing more closely 
than the 10% obtained by previous 
workers. The accuracy of the final result 
was, however, increased by repeating each 
determination several times. The results 1-00 
are recorded in Fig. 2 and the table, in 
which L is the distance of the mirror 
from the nearer edge of the irradiated 0-75 
zone; ¢ the time taken by theradicals to _. ° 
traverse the distance L; x the time of S ~ 
disappearance; A the activity = 1/*. 8 0.50 
The velocity of the gas stream, v, as it > ime” 
entered the tube was 12-3 m. /sec., and the _~ 
pressure, P, at this point 1-65 mm. of Hg. 025 ~ SS 
The average pressure gradient, a, in the te 
tube was 0-002 cm. Hg per 1 cm. length 
of the tube. The time ¢ was calculated 0 - 
from the formula used by Paneth and 7 7 _ ak tenide” aie eet 
Lautsch (Ber., 1931, 64, 2702), viz., 
t= (X, — X,)/V — a(X,? — X,")/2VP, where X, and X, are respectively the distances of the 
irradiated zone and of the mirror from the beginning of the tube. Throughout the experiments, 
X, was kept close to 10 cm. 


Fic. 2. 
Life period of radicals from acetone. 
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Life Period of Radicals from Acetone. 


No.of L, tx 102, %, 100A, No.of L, #x102, #, 100A, 
expts. cm. secs. mins. mins. log 100A. expts. cm. secs. mins. mins.~!.log100A. 
4 3 0°210 18 556 0°745 2 12 = 0°787 36 «62°78 = 0444 
6 5 0°345 20 500 0°699 2 15 0-961 45 2:22 0°347 
3 6 0-411 22 4455 0°658 1 16 1-017 52 1:92 0°284 
3 10 =0°665 31 3°23 0509 3 20 1-232 63 159 0°202 


In Fig. 2, log 100A is plotted against 100/, and it is seen that the points lie very nearly, but 
not quite, on a straight line. If the departure from linearity is real, it would lend support to 
the contention of Rice, Johnston, and Evering (J. Amer. Chem. Soc., 1932, 54, 3529) and Pearson, 
Robinson, and Stoddart (loc. cit.) that the disappearance of the radicals may occur, slightly at 
least, by way of a bimolecular process. That the first point lies off the line is explained by leakage 
of light through the screen, and reflexion along the tube. Assuming the unimolecular law to 
hold, the life period of the radicals calculated from these results is 


4 —b 


and the half-life period, T = 0-69t = 5-3 x 10° sec., which may also be read directly from 
the graph. 

The absence of pronounced curvature in Fig. 2, the close agreement between the life period 
here determined and that of Paneth and Hofeditz, and the properties of the volatile substances 
formed by the action of the radicals on metallic mirrors are strong evidence that the aggressive 
agent is free methyl. If acetyl radicals are produced at all, then they must either (i) have a 
life period almost identical with that of methyl, an extraordinary coincidence, or (ii) be without 
action on antimony, a contention rendered improbable by their ultimate dissociation into carbon 
monoxide and ethane, or (iii), most probably, have a very short life and be reduced to a negligible 
concentration within a few thousandths of a second of their formation. 

The photolysis of methyl ethyl ketone and diethyl ketone led to products which removed 
antimony mirrors at distances from the source up to 25 cm. in similar but rather longer times. 
With diethyl ketone the time increased more rapidly with the distance from the source than in 
the case of acetone, suggesting that radicals of somewhat shorter life were involved (see life 
period of free ethyl, Paneth and Lautsch, Joc. cit.). 


c=1fk= = 7:7 x 10° sec. 
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The products from methyl butyl ketone failed to remove a standard mirror, and two experi- 
ments were therefore carried out with very light, almost transparent, mirrors situated 5 cm. 
and 2 cm. respectively from the nearer edge of the source, in which the ketone was irradiated 
for 2-hour periods. In the first case the mirror was unchanged, and in the second it possibly 
suffered a slight loss in intensity. Since such a mirror would have been completely removed by 
similarly treated acetone in less than 12 minutes, the quantity of radicals cannot exceed 24% 
of those present in the dissociation of acetone. To ensure that the apparatus was functioning 
properly, each of the above experiments was preceded and followed by a control run with 
acetone. 

Three separate experiments with acetaldehyde and three with propaldehyde at 0-5, 1-5, 
and 2-0 mm. failed to exhibit perceptible removal of metal from the thinnest antimony mirrors 
(reactive both to alkyl radicals and to atomic hydrogen) situated 3 cm. from the illuminated 
zone in 3 hours, although the seven check runs with acetone which controlled the series led to 
the complete removal of much denser mirrors in 17 minutes. Assuming, as an outside estimate, 
that the mirrors employed with the aldehydes would be removed in 12 minutes by acetone, and 
that the limit of perceptible intensity change is not less than 25%, the concentration of radicals 
must again be less than 2}% of that present during the photolysis of acetone. 


SUMMARY. 


(1) Free alkyl radicals have been isolated from the primary products of the photolysis 
of acetone, methyl ethyl ketone, and diethyl ketone, and characterised by their reactions 
with antimony, tellurium, and lead. 

(2) Free radicals could not be detected in the photolysis of methyl butyl ketone, 
acetaldehyde, or propaldehyde. 

(3) These findings confirm the mechanism suggested by Norrish and Kirkbride and by 
Norrish for the photolysis of aliphatic aldehydes and ketones. 

(4) The half-life period of the radicals from acetone under the experimental conditions 
is 5-3 x 10° sec. 

The method is now being applied to a large number of photochemical reactions, and 
with the provision of a more powerful source of ultra-violet radiation it is hoped to identify 
by direct chemical tests the primary products of the reactions. 


The author thanks Imperial Chemical Industries, Ltd., for a grant. 
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376. The Constitution of Ascorbic Acid. Action of Sodium 
Hypochlorite on a-Methoxy-acid Amides. 


By R. G. Autt, W. N. Haworth, and E. L. Hirst. 


THE constitutional formula of ascorbic acid which was advanced and fully supported from 
these laboratories (J. Soc. Chem. Ind., 1933, 52, 221; Nature, 1933, 131, 617) appears to 
have found universal acceptance. Confirmatory details have since been published by us 
(J., 1933, 1270) and additional data have been contributed by other workers. Neverthe- 
less, the manner of its final acceptance by certain authors merits comment, and in this 
connexion attention may be drawn to the publications of Micheel (Angew. Chem., 1934, 
47, 550). Micheel and Kraft (Nature, 1933, 131, 274) had earlier advanced a formula for 
ascorbic acid which we in these laboratories had been unable to accept (Nature, 1933, 131, 
402). After the publication of our results Micheel (Z. physiol. Chem., 1933, 218, 280) 
abandoned his formula in favour of the one we had proposed and supported, but in the 
same paper he advanced what he considered to be important arguments against it. 
Despite his acceptance of the formula he declared that our method of proof was invalid 
and he has since endeavoured to provide an alternative proof of the same structure. We 
should naturally welcome such an alternative proof if it appeared well grounded, but in 
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point of fact no rigid alternative proof has yet been provided by Micheel, who continues, 
however, to support the constitutional formula which we have developed. 

The point initially at issue was Micheel’s disbelief in the evidence we provided for the 
ring structure of ascorbic acid. When it became clear that on oxidation in acid solution 
ascorbic acid gave rise to a neutral lactone (J. Soc. Chem. Ind., loc. cit.), it appeared that 
ascorbic acid itself contained a lactone ring. Proof of this was furnished by a study of the 
tetramethyl ether of ascorbic acid which, after ozonisation, gave rise to oxalic acid and 
3: 4-dimethyl /-threonic acid. The presence in the latter of a free hydroxyl group at 
position 2 (the a-position) necessarily gave us the evidence for the presence of the lactone 
ring connecting carbon atoms 1 and 4 in the original ascorbic acid molecule. The manner 
of this proof which we furnished was objected to by Micheel. We had shown that the 
amide of the 3 : 4-dimethyl /-threonic acid reacted readily with sodium hypochlorite to 
give sodium isocyanate in good yield (Weerman reaction). Our deductions from the 
results were accurate, but Micheel has claimed that other acid amides not possessing a 
free hydroxyl group in the «-position also give this reaction and he has quoted the example 
of the methyl ether of mandelamide, which gives benzaldehyde on treatment with sodium 
hypochlorite. It is important to note, however, that the Weerman reaction for an 
a-hydroxy-amide requires that sodium isocyanate should be produced. The formation of 
an aldehyde is immaterial and indeed the production of benzaldehyde from O-methyl- 
mandelamide can easily follow an ordinary Hofmann degradation, which is the normal 
course of the reaction in the absence of an «-hydroxy-group. 

In a subsequent paper (Ber., 1934, 67, 841) Micheel appears to have realised this, and 
has proceeded to test for sodium tsocyanate in a number of comparative experiments with 
«-hydroxy- and a-methoxy-acid amides. He has now reached the conclusion, contrary 
to his previous statement, that it is possible to distinguish between these two classes of 
amides by the Weerman reaction. He indicates that the yield of sodium isocyanate from 
a-methoxy-amides is very low, contrasting strongly with the yield from the «-hydroxy- 
amides, and he now employs methods which conform exactly to the conditions we originally 
laid down in carrying out this test, which we have frequently found valuable in structural 
determinations. The validity of the method rests, however, on much stronger foundations 
than may appear to be the case from Micheel and Kraft’s experimental observations. We 
have repeated their experiments in a number of test cases and we have been unable to 
substantiate their claim concerning even the partial formation of sodium isocyanate from 
a-methoxy-amides. We have carried out the Weerman reaction with O-methylmandel- 
amide, O-methyl-lactamide, 2:4-dimethyl d-erythronamide, and 2:3: 5-trimethyl 
l-arabonamide and in none of these cases was any trace of sodium isocyanate detectable 
under the conditions described by Micheel and Kraft. These results exactly confirm our 
previous expérience with the Weerman reaction, namely, that sodium isocyanate is not 
encountered unless the «-hydroxy-group is present. There seems, therefore, no need to 
discuss the mechanism which these authors have suggested for the course of the Weerman 
reaction on a-methoxy-amides, although there are other points of interest which this class 
of amide presents. 

With O-methylmandelamide (I), both benzaldehyde and ammonia are formed in 
quantity. Accompanying the formation of benzaldehyde, carbon dioxide is liberated 
(ultimately yielding sodium carbonate), but there is no trace of sodium isocyanate. The 
course of the reaction appears to be that of a normal Hofmann degradation (A) except 
that in place of the «-methoxy-amine, which would normally be expected as the end 
product, benzaldehyde and ammonia are obtained. 

Micheel and Kraft have now observed that in the presence of methyl alcohol the organic 
cyanate (II) produced at one stage of the Hofmann degradation reacts additively with 
the alcohol, giving a urethane to which they ascribe the formula (III). This urethane has 
been encountered in our experiments also and we find that it readily decomposes, giving 
benzaldehyde, carbon dioxide, and ammonia (IV). Probably in aqueous solution, water, 
in a similar way to methy] alcohol, reacts with the organic isocyanate and gives an unstable 
intermediate compound which breaks down to give ammonia, methyl alcohol, and benz- 
aldehyde. On this view the normal course of the Hofmann degradation will be represented 
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by the series (A) with the possible inclusion of the bracketed formula of a carbamic acid. 
An exactly similar behaviour was shown in the case of O-methyl-lactamide, and these facts 
are in agreement with the observation (Irvine and Pryde, J., 1924, 125, 1045; Pryde, J., 
1931, 1298) that methylated hexonic acid amides possessing free hydroxy-groups in the 
y- or 8-position react with sodium hypochlorite, yielding cyclic urethanes. No loss of 
methoxyl from the «-methoxyl group occurs and no sodium isocyanate is formed. 


(A) R-CO-NH, —> R:-NCO —-+> (R-NH-CO,H) —> R:NH, + CO, 
Benzaldehyde 


C,H,CH-OMe xacio CgHs*CH-OMe C,H,*CH-OMe yee 
(B) a> a =O Methyl alcohol 
O-NH, “*# NCO H-CO,Me ™° Carbon dioxide 


(I.) (II.) (III.) (IV.) 


R-CH:OH R-CH-OH R-CHO | 
(C) > | 7 —-> + 
O-NH, NCO NaNCO 
(V.) (VI.) (VII.) 


The Weerman modification of the Hofmann change differs essentially from either of 
these in that the reaction proceeds with the formation in large amount of sodium isocyanate 
(Series C). It may be suggested that stage (VI), indicating the formation of a co-ordinated 
intermediate product in place of a carbamic acid, is responsible for the marked difference 
in the character of the end products. 


EXPERIMENTAL. 


O-Methylmandelamide.—Mandelic acid was mixed with an excess of methy] iodide, and silver 
oxide was added in small quantities to the mixture cooled in ice. The reaction was completed 
by boiling for 3 hours. The methylation was repeated and the product distilled, giving methyl] 
O-methylmandelate, b. p. 92°/0:03 mm. From this the amide was prepared by digestion with 
methyl-alcoholic ammonia at 0° for a few hours. The O-methylmandelamide was recrystallised 
from alcohol—ether; m. p. 113—114° (yield, 90%). 

Sodium Hypochlorite and O-Methylmandelamide.—(a) (Compare Micheel and Kraft, Ber., 
1934, 67, 841). O-Methylmandelamide (2-20 g.), dissolved in water (185 c.c.), was treated at 
0° with a standard solution of sodium hypochlorite (18-5 c.c.). [The sodium hypochlorite 
solution used throughout these investigations was prepared according to the instructions of 
Weerman (Rec. trav. chim., 1917, 37, 16). The hypochlorite present was estimated by titration, 
and the solution was found to contain 64 g. of sodium hypochlorite in 1000 c.c. of solution.] 
After 2 hours the solution became milky owing to liberation of benzaldehyde, and the reaction 
was almost complete in 6 hours. The solution was filtered from a little unchanged amide 
(0-05 g.) and traces of sodium hypochlorite were removed by the addition of N/10-sodium 
thiosulphate (10 c.c.). Semicarbazide hydrochloride (5-50 g.), dissolved in water (20 c.c.), was 
added to the solution, and after 3 hours at 0° the crystalline deposit was filtered off and dried. 
M. p. 220—221°. Yield 1-90 g. (almost theoretical). The crystals dissolved readily in hot 
absolufe alcohol (60 c.c.), leaving no residue, and on cooling, pure benzaldehydesemicarbazone, 
m. p. 222°, was deposited. The aqueous filtrate was kept at 0° for 2 days, but no further solid 
matter was deposited. It was shown that hydrazodicarbonamide is insoluble in boiling absolute 
alcohol and can be separated in the presence of a large excess of benzaldehydesemicarbazone. 
One part of hydrazodicarbonamide mixed with 250 parts of benzaldehydesemicarbazone is 
readily detectable. 

(6) The action of sodium hypochlorite on O-methylmandelamide was repeated at 25°, the 
same quantities as before being used. The reaction was complete in about 4 hours. The 
deposit of benzaldehydesemicarbazone (1-95 g.) was entirely soluble in hot absolute alcohol 
(50 c.c.) and no trace of hydrazodicarbonamide was found. 

(c) O-Methylmandelamide (0-70 g.) was treated at 0° with water (4 c.c.) and sodium hypo- 
chlorite solution (5-0 c.c.) and after 6 hours any free sodium hypochlorite was exactly decom- 
posed with the requisite amount of sulphurous acid. After filtration, the benzaldehyde was 
removed from the alkaline filtrate by exhaustive extraction with ether. The aqueous solution 
was treated with an excess of solid sodium acetate and a saturated solution of semicarbazide 
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hydrochloride (0-5 g.) in water (2 c.c.); a marked effervescence then occurred (carbon dioxide 
liberated from the carbonate formed during the Hofmann reaction). The clear solution was 
kept at 0° for several hours, but no solid was deposited. The semicarbazide was present 
unchanged in the solution, since, after the addition of two drops of benzaldehyde, an almost 
quantitative yield of benzaldehydesemicarbazone, m. p. 222—223°, was obtained. 

It was shown in the following way that extraction with ether did not remove any sodium 
isocyanate from the reaction solution. /-Galactonamide (0-50 g.) was treated at 0° with water 
(3 c.c.) and sodium hypochlorite (3-0 c.c.). The reaction was complete after 30—40 minutes ; 
the solution was then extracted seven or eight times with a large excess (100 c.c.) of ether and 

_treated with solid sodium acetate and a saturated solution of semicarbazide hydrochloride in 
water. No effervescence occurred on the addition of these reagents. Crystalline hydrazodi- 
carbonamide separated in a few moments and was recrystallised from aqueous alcohol. M. p. 
254—255° (decomp.). Yield, 0-17 g. 

It was also demonstrated that the presence of benzaldehyde does not in any way affect the 
formation of sodium cyanate and its isolation as hydrazodicarbonamide. /-Galactonamide 
(0-50 g.) was treated with sodium hypochlorite as described above and after 5 minutes 3 or 4 
drops of benzaldehyde were added to the solution. The mixture was kept at 0° for 3 hours 
and then extracted with a large excess of ether. Solid sodium acetate and a saturated solution 
of semicarbazide hydrochloride were added to the solution (no effervescence), and the crystalline 
deposit of hydrazodicarbonamide filtered off and recrystallised. M. p. 254—255°. Yield, 
0-16 g. 

Formation of Ammonia during the Action of Sodium Hypochlorite on O-Methylmandelamide.— 
O-Methylmandelamide (0-70 g.) was treated at 0° with the requisite amount of sodium hypo- 
chlorite and after 6 hours the solution was extracted thoroughly with ether. The aqueous 
solution was concentrated to dryness and the solid residue was shown to be sodium chloride 
containing traces of nitrite. The presence of the latter salt was proved by obtaining positive 
results with the Griess—Ilosvay test (pink coloration) and the Griess test (brown coloration). 
The ethereal extract containing benzaldehyde was treated with a small amount of hydrogen 
chloride and the white solid which was precipitated was removed by shaking the ethereal 
solution with a little water. The aqueous solution was concentrated, the free hydrochloric acid 
removed by repeated distillation with water, and on evaporation to dryness a white crystalline 
residue was obtained which was shown to be pure ammonium chloride. 

A quantitative investigation into the formation of ammonia in this reaction was carried out 
in the following way. O-Methylmandelamide (0-620 g.) was allowed to react at 0° for 20 hours 
with the requisite amount of sodium hypochlorite. The reaction was then complete, only a 
trace of free hypochlorite being present (removed by the addition of 0-1N-sodium thiosulphate 
solution). The solution was made more alkaline with sodium hydroxide, and the ammonia 
distilled off into a known amount of acid (15-3 c.c. of 1-128N-sulphuric acid), the excess of which 
was titrated with alkali (14-4 c.c. of 0-985N-sodium hydroxide). Yield of ammonia, 81-6% of 
the theoretical. The deficiency is probably due to the oxidation of some ammonia by sodium 
hypochlorite. 

Sodium Hypochlorite and O-Methylmandelamide in the Presence of Methyl Alcohol (compare 
Micheel and Kraft, loc. cit.)—O-Methylmandelamide (2-19 g.), dissolved in methyl alcohol 
(25 c.c.), was treated at 0° with sodium hypochlorite (15-0 c.c.). After 4 hours (hypochlorite 
present, 2-5% of original amount) the crystalline deposit was filtered off; m. p. 68—69°, yield 
1:10 g. (45% theory) (Found: C, 61-6; H, 6-8; N, 7-2; OMe, 31-8. Calc. for C,,H,,0,N : C, 
61-5; H, 6-7; N, 7-2; OMe, 31-7%). The aqueous filtrate was treated with sodium acetate and 
semicarbazide hydrochloride, and after 1 hour at 0° the benzaldehydesemicarbazone was 
filtered off; m. p. 223°. Yield, 0-96 g. (47% theory). The semicarbazone dissolved completely 
in hot absolute alcohol, no residue remaining. No trace of hydrazodicarbonamide was present 
and no sodium isocyanate was formed during the reaction. 

The crystalline urethane derivative was readily soluble in most of the common solvents, 
but only moderately soluble in light petroleum, and was insoluble in water. It was most readily 
recrystallised from a cold aqueous alcoholic solution by cooling, but successive recrystallisations 
left the m. p. 68—69° unchanged. The crystals were unaffected by boiling in aqueous solution 
fora short time, On treating the substance with N-sodium hydroxide in the cold (0°) decom- 
position occurred with quantitative formation of benzaldehyde and ammonia. On testing the 
solution with sodium acetate and semicarbazide hydrochloride, no trace of hydrazodicarbon- 
amide could be detected. The decomposition of the urethane proceeded, therefore, without the 
formation of sodium cyanate. 
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Sodium Hypochlorite and 2: 3: 5-Trimethyl Arabonamide.—2 : 3 : 5-Trimethyl arabonamide 
(0°30 g.), dissolved in water (1 c.c.), was treated at 0° with sodium hypochlorite (1-80 c.c.). 
After 6 hours the solution still contained much free hypochlorite and the reaction was not 
complete after 2 days. The small quantity of sodium hypochlorite was exactly decomposed 
with the requisite amount of sulphurous acid, and solid sodium acetate and semicarbazide 
hydrochloride (0-16 g.) in water were added to the reaction solution. No trace of solid matter 
could be detected and no crystalline deposit formed after several hours at 0°. The semi- 
carbazide hydrochloride was present unchanged in the solution, as shown by the instant 
formation of benzaldehydesemicarbazone on the addition of one spot of benzaldehyde. 
Precisely similar results were obtained with 2 : 4-dimethyl d-erythronamide (compare Avery, 
Haworth, and Hirst, J., 1927, 2316). 

Sodium Hypochlorite and O-Methyl-lactamide.—Silver lactate was allowed to react with 
methyl iodide and the ester so produced was methylated in the usual way with silver oxide and 
methyl iodide, giving methyl O-methyl-lactate. The yield was poor and it was not appreciably 
increased when the preliminary stages of the methylation were carried out with the aid of 
methyl sulphate and sodium hydroxide. By the action of methyl-alcoholic ammonia on the 
ester, O-methyl-lactamide was obtained. After several recrystallisations from alcohol—ether 
(which removed traces of lactamide), the m. p. was 84°. The value recorded in the literature 
is 79—81° (Found: OMe, 29-7. Calc. for C,H,O,N : OMe, 30-1%). 

(a) (According to the directions of Micheel and Kraft.) O-Methyl-lactamide (0-70 g.), 
dissolved in water (3 c.c.), was treated at 0° with sodium hypochlorite (8-4 c.c.). A moderately 
vigorous reaction took place and after 30 minutes only a small amount of sodium hypochlorite 
remained. The reaction was practically complete after 5 hours, the final traces of sodium 
hypochlorite being then removed with 0-1N-sodium thiosulphate (1 c.c.). Semicarbazide 
hydrochloride (1-60 g.) in water (3 c.c.) was added to the solution, causing a brisk effervescence 
(carbon dioxide, from carbonate produced during the Hofmann reaction). Although the 
solution was kept at 0° for several hours, no trace of any solid material could be detected. 
Semicarbazide was present unchanged in the solution, as shown by the instant formation of 
benzaldehydesemicarbazone on the addition of a little benzaldehyde. Precisely similar results 
were obtained when the experiment was carried out under the conditions specified in our former 
papers (semicarbazide added after addition of an excess of sodium acetate to the reaction 
mixture). 

(6) O-Methyl-lactamide (0-20 g.), dissolved in water (1 c.c.), was treated at 0° with sodium 
hypochlorite (2-40 c.c.) and after 6 hours the last traces of hypochlorite were removed with a 
few drops of 0-1N-sodium thiosulphate. The presence of acetaldehyde (recognised by its 
characteristic smell) was demonstrated by testing the solution with (i) Schiff’s reagent (red 
colour immediately restored), (ii) an aqueous solution of sodium nitroprusside containing 
piperidine (deep blue coloration), (iii) a dilute aqueous solution of benzidine hydrochloride 
(yellow coloration), (iv) ammoniacal solution of silver (immediate reduction in the cold with 
formation of a mirror). The tests were simultaneously carried out with a solution of acet- 
aldehyde (0-25 g.) in water (15 c.c.), and from a comparison of the colorations produced in the 
two series it was evident that the concentration of acetaldehyde in both solutions was of the 
same order. 

(c) O-Methyl-lactamide (0-30 g.), dissolved in water (1 c.c.), was treated at 0° with sodium 
hypvchlorite (3-60 c.c.) and after 6 hours the trace of free hypochlorite was removed by the 
addition of one drop of sulphurous acid. The solution was made more alkaline with sodium 
hydroxide and distilled insteam. Any volatile products were swept by a slow stream of nitrogen 
into a receiver containing dilute hydrochloric acid.. The distillate was concentrated at 40°, 
hydrochloric acid being removed by repeated distillation with water. A white crystalline residue 
was obtained which was easily recrystallised from aqueous alcohol. Yield, 0-13 g. This was 
definitely ammonium chloride (and not an amine hydrochloride) (Found: 0-0527 g. required 
9-8 c.c. of 0-1N-sodium hydroxide. Calc. for ammonium chloride, 9-9 c.c.). 


The authors express thanks for a grant for materials from the Government Grant Committee 
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377. The Synthesis of Compounds related to the Sterols, Bile Acids, and 
Oestrus-producing Hormones. Part IV. The Constitution of Diels’s 
Hydrocarbon “‘ C,;H,,”’ from Cholesterol. 

By J. W. Coox, C. L. HEwett, W. V. MAYNEORD, and (Miss) E. Roe. 


THE only features of the structural formula for cholesterol (I) about which doubt is possible 
are the positions assigned to the two quaternary methyl groups. The hydrocarbon which 
Diels, Gadke, and Kérding (Annalen, 1927, 459, 1) first isolated as a lesser product of its 
selenium dehydrogenation may, from the various analytical data which have been recorded, 
be Cy5Hoe, Co5Ho4, or CogHo,. The last formula appears to be excluded by molecular-weight 
determinations made by measurements of density and unit cell dimensions of the crystals 
(private communication from Dr. J. D. Bernal and Miss D. Crowfoot). Hence both of the 
quaternary methyl groups must have been eliminated from the cholesterol molecule 
(Cy,H,,O), and the formation of the hydrocarbon in question is most simply explained as 
due to cyclisation of the side chain during dehydrogenation with the production of an 
anthracene (II; C,;H.,) or a fluorene (III; vt hydrocarbon. 


nae soe om 
iy C Z 


3 
(III.) 


We have mnt given reasons why neither a on structures can be correct, in a recent 
note (Chem. and Ind., 1934, 53, 569) in which we stated that we had synthesised the fluorene 
hydrocarbon (III) and had made chemical and spectroscopic comparisons with the hydro- 
carbon from cholesterol. The present communication describes the details of our synthetic 
experiments and spectroscopic comparisons. 

In Parts I and II (J., 1933, 1098; this vol., p. 365) it was shown that the cyclisation 
method by which several condensed ring systems were conveniently obtained proceeded 
with difficulty and gave poor yields when applied to the synthesis of hydrogenated fluorene 
systems. We have encountered the same hindrances during our attempts to synthesise the 
hydrocarbon (III), and the various devices to which we have had recourse in overcoming 
this obstacle have given very instructive results. 

In the first synthesis which we attempted, 3-p-cymylcarbinol, obtained by passing 
formaldehyde into 3-p-cymylmagnesium bromide, was converted into its chloride, the 
magnesium derivative of which was condensed with 1-keto-1 : 2:3 : 4-tetrahydrophen- 
anthrene. The resulting resinous carbinol underwent simple dehydration without cyclis- 
ation when heated with phosphoric oxide, for the product was smoothly dehydrogenated 
by selenium to 1-(3’-p-cymylmethyl) phenanthrene (IV). 
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We then attempted to employ an adaptation of our method of synthesis of 1 : 2-cyclo- 
pentenophenanthrene. For this purpose, 7-methyl-4-isopropyl-l-hydrindone (V; R = H) 


was required, and was obtained in good yield by stannic chloride dehydration of 8-3-(p- 
cymyl) propionic acid, which resulted from the decarboxylation of the malonic acid arising 


(IV.) 
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from the interaction of 3-chloromethyl-p-cymene with ethyl sodiomalonate. An alternative 
route to the above propionic acid was furnished by conversion of 3-bromo-p-cymene, by 
Grignard condensation with ethylene oxide, into 8-3-(p-cymyl)ethyl alcohol, the bromide of 
which reacted with potassium cyanide to give B-3-(p-cymyl)propionitrile (VI). Owing to 
the poor yield obtained in the last stage, this method was abandoned in favour of the first 
method described. 

When the hydrindone (V; R =H) was treated with §-l-naphthylethylmagnesium 
chloride there resulted a crystalline carbinol, which was dehydrated by potassium hydrogen 
sulphate to the indene (VII). Under various conditions of cyclisation this indene (or its 
antecedent carbinol) was converted into a saturated isomeric hydrocarbon which was 
unaffected by heating with selenium at 310—320°, and in the light of the observations 
recorded in Part II (oc. cit.) there can be little doubt that the cyclisation product is 7-methyl- 
4-isopropylhydrindene-1 : 7'-spiro-7' : 8’-dihydrophenalene (VIII). 
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To prevent this feri-ring closure in the naphthalene nucleus we next prepared the fetra- 
hydro-derivative of (VII), represented by formula (IX). The 8-5-tetralylethyl alcohol neces- 
sary for this purpose was readily obtained from ethylene oxide and the Grignard compound 
of the 5-bromotetralin of Smith (J., 1904, 85, 729). The cyclisation product of (IX) could 
not be obtained crystalline, but was dehydrogenated by selenium to a hydrocarbon (isolated 
as the picrate) isomeric with, but different from, the spiran (VIII). To this new hydro- 
carbon we attribute formula (X). Traces of a high-melting crystalline product were formed 
simultaneously, but (X) was the essential product of the reactions. 

The results of these cyclisation experiments are in complete harmony with the con- 
clusions formulated in Part II, and the problem was therefore to effect cyclisation of com- 
pounds of the type (VII) or (IX) in such manner as to diminish or prevent spiran-formation. 
Our experience has shown that the course of the cyclisation is in no way modified by the 
nature of the cyclising agent or experimental conditions, but rather by the molecular 
circumstances of the compound. It was shown in Part III (Cohen, Cook, Hewett, and 
Girard, this vol., p. 653) that the attachment of a methyl group to the second carbon atom 
of the ethylenic linkage was a very effective device for avoiding spiran formation, and we 
therefore resolved to test its efficacy with the type of compound at present under review. 

Although we had already synthesised chrysofluorene (1 : 2-benzfluorene) by cyclisation 
of 3-8-phenylethylindene and dehydrogenation of the product (Part II, loc. cit.), the yields 
were poor in both operations and it is now evident that the liquid which we regarded as 
tetrahydrochrysofluorene was a mixture of this hydrocarbon with the isomeric spiran. 
3-8-Phenylethyl-2-methylindene (XI) has now been obtained in 80% yield from 2-methy]l- 
1-hydrindone and $-phenylethylmagnesium chloride; it was rapidly converted by alumin- 
ium chloride in carbon disulphide at 0° into the isomeric methyltetrahydrochrysofluorene 
(XII), which was isolated in 82% yield. On dehydrogenation with selenium the quaternary 
methyl group was eliminated and chrysofluorene was obtained in 65% yield. 
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These reactions furnish a convenient and simple synthesis of chrysofluorene, the yield being 
40°, with reference to the methylhydrindone. This indicates the remarkable influence of 
the methyl group in promoting ring closure in the sense (XI) —~> (XII), for when the 
methyl group was absent the yield of chrysofluorene was only 1-2% with respect to the 
hydrindone employed. It is also noteworthy that all of the Grignard condensations which 
we have carried out with hydrindone derivatives in which a methyl group is at position 
2 have given uniformly high yields, doubtless because aldol condensations are impossible 
with this type of hydrindone. 

This synthesis of chrysofluorene has been extended, with equally satisfactory results, to 
2’: 1'-naphtha-1 : 2-fluorene and its 5-methyl-8-dsopropyl derivative (III). In the former 
case $-5-tetralylethylmagnesium chloride was condensed with 2-methyl-l-hydrindone to 
give the indene (XIII; R = R’ = H), which was readily transformed into the crystalline 
pentacyclic hydrocarbon (XIV; R = R’ = H); this was converted by selenium dehydrogen- 
ation into 2’: 1’-naphtha-1 : 2-fluorene. The analogous methylisopropyl compounds (XIII 
and XIV; R=Me, R’ = Pr§) were obtained in precisely the same manner from 
2 : 7-dimethyl-4-isopropyl-\-hydrindone (V; R = Me), which was prepared in excellent 
yield by a suitable modification of the method used for the synthesis of 7-methyl-4-iso- 
propyl-1-hydrindone (V; R = H). 

In some respects 2’: 1’-naphtha-1 : 2-fluorene resembles picene (XV), which has a 
similar molecular structure. For example, like picene, naphthafluorene is a very high- 
melting, sparingly soluble compound which crystallises in colourless plates, and its m. p. 
(328°) is not depressed by admixture with picene (m. p. 354°). On oxidation, 2’ : 1’-naphtha- 
1 : 2-fluorene was converted first into 2’ : 1’-naphtha-1 : 2-fluorenone (XVI) and then into 
the ketoquinone (XVII). 
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In Part I it was suggested that the explanation of the discrepancy between the statement 
of Diels and Karstens (Annalen, 1930, 478, 129) that chrysene was the chief product of 
selenium dehydrogenation of cholic acid, and the observations of Ruzicka and his collabor- 
ators (Helv. Chim. Acta, 1933, 16, 224, 812), who were unable to isolate chrysene, was due to 
the use of higher temperatures by Diels and Karstens. This suggestion has been amply 
confirmed by more recent work of Ruzicka, Thomann, Brandenberger, Furter, and Goldberg 
(tbid., 1934, 17, 200), who showed that both chrysene and picene are formed by rearrange- 
ment of the bile-acid ring system when the dehydrogenation is effected at high temperatures 
(chrysene notably at 420°). It therefore seemed of interest to examine the high-temper- 
ature dehydrogenation of our methyloctahydronaphthafluorene (XIV; R= R’ = H), 
which might conceivably rearrange to give picene (XV). Dehydrogenation occurred 
exceedingly rapidly at 400—420°; however, the only pure compound isolated was naphtha- 
fluorene (identified by oxidation), but we are not prepared to assert that no trace of picene 
was formed, as the detection of a small amount of picene mixed with naphthafluorene would 
present considerable difficulty. 

5-Methyl-8-isopropyl-2’ : 1'-naphtha-1 : 2-fluorene (III) was not identical with the Diels 
hydrocarbon ‘‘ C,;H,,”’ from cholesterol, but was oxidised to a ketone which, like 2’ : 1’- 
naphtha-1 : 2-fluorenone and also the ketone formed by oxidation of the Diels hydrocarbon, 
gave an intense purple solution in concentrated sulphuric acid, the colour afterwards fading 
to magenta. 

Another point of similarity between the Diels hydrocarbon and the synthetic naphtha- 
fluorene hydrocarbons was found in their photosensitivity. Their solutions all become 
intensely yellow on brief exposure to strong light, and in the case of methylisopropyl- 
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naphthafluorene this tendency was so marked that the isolation of the colourless crystalline 
hydrocarbon was very troublesome. 


Ultra-violet Absorption Spectra. 


Technique.—A Hilger medium quartz spectrograph was employed. For the qualitative 
determination of the general form of the absorption curve a hydrogen discharge tube was 
used as the source of light. The continuous hydrogen spectrum facilitates the detection of 
very fine bands which might otherwise be overlooked. For quantitative measurements a 
Spekker photometer was attached to the Hilger spectrograph, and a condensed spark 
between tungsten-steel electrodes used as a source of light. A micrometer Baly tube, 
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in which the length is continuously variable from 0 to 5mm., was used as the absorp- 
tion cell, and for the less soluble compounds 10 mm. and 100 mm. cells were used in addition. 
The measurements were made with alcoholic solutions of all of the compounds except 
picene, which is too sparingly soluble in alcohol, so that chloroform solutions were employed. 
However, a preliminary survey of picene in alcohol, using the hydrogen discharge tube, 
showed that all the peaks observed in chloroform solution were reproduced, but were 
20—30 A. nearer to the ultra-violet end of the spectrum. For comparison of the effects of 
these two solvents the curves of 2’: 1’-naphtha-] : 2-fluorene were accurately determined 
in both chloroform and alcohol. The results are given in the appropriate table. 
Preparation of Reference Substances.—For comparison with the naphthafluorene hydro- 
carbons, pure synthetic specimens of the following hydrocarbons were prepared : Phen- 
anthrene was obtained by selenium dehydrogenation of 4-keto-1 : 2:3: 4-tetrahydro- 
phenanthrene and purified through its picrate. Chrysene was prepared by the method of 
Cook and Hewett (this vol., p. 372), and picene was obtained from dinaphthylethane by the 
method of Ruzicka and Hésli (Helv. Chim. Acta, 1934, 17,470). For the preparation of the 
Diels hydrocarbon “ C,;H,4,” cholesterol was dehydrogenated with selenium ; the crystalline 
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material isolated from the appropriate fraction was repeatedly crystallised from pyridine. 
It formed colourless leaflets, m. p. 225—226° (corr.), in agreement with Ruzicka, Goldberg, 
and Thomann (zdid., 1933, 16, 827). 

Results.—2' : 1'-Naphtha-1 : 2-fluorene and picene are both related to 2-phenylphen- 
anthrene. As might be expected, conjugation of the phenyl group with the phenanthrene 
system is attended by marked modification of the ultra-violet absorption bands of phen- 
anthrene. This is particularly the case with the group of six bands in the phenanthrene 
spectrum at 3000—3500 A. (Fig. 1). Naphthafluorene, in which the phenyl group and the 
phenanthrene system are united at second points of attachment through a saturated 
methylene group, shows less modification of these bands (five of them can still be detected) 
than picene, where the phenyl group and the phenanthrene system are linked a second time 
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through two ethylenic carbon atoms. In picene, only three of the bands of this group 
survive. 

Comparison of the curves of chrysene, naphthafluorene, and the Diels hydrocarbon 
“ C,;H,,” (Fig. 2) shows that the curve of the Diels hydrocarbon closely resembles that of 
naphthafluorene, but is widely different from that of chrysene. Each band of naphtha- 
fluorene is reproduced in the spectrum of the Diels hydrocarbon, with very little difference 
in the wave-lengths of the maxima. The intensities of the bands of naphthafluorene are 
in general greater than those of the Diels hydrocarbon. This would agree with the con- 
ception that the latter is an alkyl derivative of naphthafluorene. 

Fig. 3 shows that the curves of 5-methyl-8-isopropyl-2’ : 1’-naphtha-1 : 2-fluorene and 
the Diels hydrocarbon also resemble one another closely, although there are significant 
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differences in the wave-lengths of the maxima in the region 2700—3300 A., and in the 
extinction coefficients in the region 3300—3800 A. 
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Tables of wave-lengths of maxima and minima, with extinction coefficients. 


A = wave-length in A.; « = log 78 /1; c = concentration (g. per litre). 


Phenanthrene. Chrysene. 
Maxima. Minima. Maxima. Minima. 
I, ote, TT, ina 

A. log e/c. A. log e/c. A. log e/c. A. log €/c. 
3458 0-210 3425 —0°377 3604 0°431 3566 —0°143 
3382 0°152 3345 —0°131 3513 0°176 3481 0:093 
3300 0°223 3265 —0°046 3440 0°418 3399 0°149 
3228 0°146 3189 —0-061 3197 1-748 3131 1-494 
3154 0-093 3113 — 0-022 3063 1-752 2998 1-580 
3090 0-021 3067 —0°041 2947 1-716 2881 1-613 
2929 1-860 2870 1:398 e 2816 1-721 2790 1-699 
2812 1-763 2785 1613 2675 2°797 2610 1-455 
2746 1-839 2699 1-740 2580 2-544 2433 1-907 
2507 2-428 2434 2-270 2415 1-945 2341 1777 
2425 2-290 2260 1-602 2195 2-184 
2196 2-006 2177 1-942 
2101 2-204 

Picene (in chloroform). Diels’s Hydrocarbon ‘‘ Cy5H4,.”’ 
Maxima. Minima. Maxima. Minima. 
a, —— EE, —_—— 

3765 0-512 3704 0-033 3654 0°797 3610 0°260 
3641 0°236 3628 0°223 3562 0°447 3541 0°415 
3573 0°500 3521 0-212 3485 0-806 3438 0°477 
3283 1-914 3205 1-542 3390 0°622 3375 0:608 
3148 1°825 3123 1-785 3198 1-910 3138 1-696 
3038 2-101 2987 2-037 2980 2-009 2934 1-960 
2865 2-572 2778 2°371 2822 2°328 2760 2-218 
2755 2-398 2621 2°155 2730 2°243 2492 1-519 


2575 2°250 2410 2-0 2393 1845 2366 1°813 
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5-Methyl-8-isopropyl- 2’: 1’-Naphtha-1 : 2-fluorene 2’: 1’-Naphtha-1 : 2-fluorene 

2’: 1’-naphtha-1 : 2-fluorene. (in alcohol) (Figs. 1 and 2). (in chloroform). 

Maxima. Minima. Maxima. Minima. Maxima. Minima. 

" — 7/7 .. ae A ad ———, A 
A. logeje. A. loge/e. A. logefe. A loge/le. A. logefc. A. loge/e. 
3660 0544 3610 —0-046 3657 0°919 3603 0°362 3662 0898 3621 0°204 
3564 0°230 3545 0-176 3567 0°532 3538 0°470 3573 0°453 3550 0°398 
3484 0-591 3443 0°204 3480 0°860 3434 0°477 3495 0884 3445 0°438 
3218 1-892 3140 1-699 3393 0°544 3372 0°515 3410 0°498 3385 0°458 
3079 §=1°860 3059 1-820 3314 0°845 3308 0°833 3329 0-767 3307 0°744 
2983 2-021 2943 1-972 3168 2°0 3115 1-778 3193 1:973 3140 0°754 
2840 2°398 2758 2-199 2968 27134 2921 2-068 3085 1-987 3074 1-973 
2729 2°225 2478 1-580 2810 2°407 2758 2-301 2995 2:173 2943 2-079 
2715 2°367 2442 1°602 2844 2-371 2783 2-248 


2750 2279 2475 1°560 


DISCUSSION. 


From the foregoing chemical and spectroscopic comparisons it is clear that the Diels 
hydrocarbon ‘‘ C,;H,,” from cholesterol is closely related to naphthafluorene, and since the 
Diels hydrocarbon is not represented by structure (III) it is apparent that the ring closure 
which occurs during dehydrogenation is attended by either group migration or rearrange- 
ment to one of the five other non-anthracenoid naphthafluorene ring systems which are 
theoretically possible. A crystallographic comparison of our synthetic 5-methyl-8-iso- 
propyl-2’ : 1’-naphtha-l : 2-fluorene with the Diels hydrocarbon has now been made by 
Dr. Bernal and Miss Crowfoot ; they will publish their results shortly, but in the meantime 
they report that the probable molecular length, calculated from the dimensions of the unit 
cell, of the Diels hydrocarbon is appreciably greater than that of methylésopropylnaphtha- 
fluorene; comparable, in fact, with that of cholesterol. 

Reference to models shows that on the assumption that the cholesterol side chain 
becomes linked to the five-membered ring to give the 2’: 1’-naphtha-1 : 2-fluorene ring 
system, the greatest molecular length can be attained by migration of the ssopropyl group 
from position 8 to the adjacent position 7. This is a possibility which must be borne in 
mind, but it is difficult to understand why this migration should occur during the dehydro- 
genation of cholesterol, although it might well happen in the case of ergosterol and phyto- 
sterols (compare Cook, Chem. and Ind., 1934, 53, 311). 

A better explanation has been suggested by Dr. Bernal (private communication). The 
essence of this is that the five-membered ring which finally appears in the aromatic hydro- 
carbon is not the one which was originally present in the cholesterol molecule. The changes 
which are postulated are (i) fission of the five-membered ring between C,, and Cj,, as 
indicated by the dotted line, (ii) linking of C,, with C.. of the side chain, and (iii) formation 
of a new five-membered ring by the methyl group (C,,) of the side chain becoming attached 
to Cy..* The final product would thus be 7-isobutyl-1’ : 2’-naphtha-2 : 3-fluorene (XVIII) : 


21CH. 22 24 
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All the facts can be reconciled with this structure for the Diels hydrocarbon from cholesterol. 
A model shows an appreciably longer molecule than that representing structure (III). 
Both naphthafluorene ring systems (III and XVIII) are derived from 2-phenylphenanthrene, 
differing only in the point of attachment of the saturated methylene group, and the ultra- 
violet absorption properties would clearly be similar. The presence of one substituent only 
in (XVIII) is consistent with the fact that the extinction coefficients of the bands of the 


* The alternative attachment of C,, to C,, would lead to the formulation as 2’: 1’-naphtha-1 : 2- 
fluorene (m. p. 328°) for the analogous hydrocarbon (m. p. 275°) obtained from cholic acid by Ruzicka 
(Helv. ey Acta, 1933, 16, 216; 1934, 17, 200). 
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Diels hydrocarbon in the region 3300—3800 A. are slightly greater than those of (III) 
(Fig. 3). Above all, the suggested mechanism requires that the corresponding hydrocarbons 
from cholesterol, ergosterol, and sitosterol or stigmasterol should be different from one 
another (an additional alkyl group is attached to C,, of the side chain). That they are 
different, although very similar, has been strikingly demonstrated by Ruzicka and his 
collaborators (Helv. Chim. Acta, 1934, 17, 200). 

We are now engaged in the synthesis of the hydrocarbon represented by formula (XVIII) 
as well as the parent hydrocarbon containing this ring system. 

We would lay final emphasis on two points. (1) The products of dehydrogenation of 
sterols and bile acids which are formed by molecular rearrangements (chrysene, picene, and 
the pentacyclic hydrocarbons of the type discussed in the present communication) arise 
only as minor products and are the results of the special susceptibility of the sterol molecule 
to undergo rearrangement. This is conditioned by the terminal five-membered ring with its 
labile side chain. Such rearrangements have not yet been observed among simpler poly- 
cyclic hydroaromatic compounds, which are normally converted smoothly in good yield into 
the corresponding aromatic compounds. (2) We would point out that the rearrangements 
which occur are determined mainly by the high temperatures which must be used for 
dehydrogenation, and are not specially attributable to the influence of selenium. There 
are several observations which justify this conclusion; for example, the fact that the 
hydrocarbon “‘ C,;H,,”’ from cholesterol is obtained by dehydrogenation with palladium 
as well as with selenium (Ruzicka, Goldberg, and Thomann, /oc. cit.). 


EXPERIMENTAL. 


* Denotes microanalyses by Dr. A. Schoeller (Berlin). 
+ Denotes microanalyses by Dr. G. Weiler (Oxford). 


1-(3'-p-Cymylmethyl) phenanthrene (IV). 

3-Chloromethyl-p-cymene.—3-Bromo-p-cymene was prepared from thymol and phosphorus 
pentabromide (Fileti and Crosa, Gazzetta, 1886, 16, 291). Interaction of 3-p-cymylmagnesium 
bromide with unimolecular formaldehyde (compare Ziegler, Ber., 1921, 54, 737; Ziegler and 
Tiemann, ibid., 1922, 55, 3406) gave somewhat varying yields, the best being about 40%. The 
following is a description of a representative experiment : 3-Bromo-p-cymene (106 g.), diluted 
with anhydrous ether (350 c.c.), was gradually added to magnesium turnings (12 g.) activated 
with iodine. The whole was then boiled for 2 hours, but much magnesium remained undis- 
solved. Formaldehyde, obtained by heating dry trioxymethylene (35 g.), was passed into the 
ice-cold solution; the whole was kept over-night at room temperature, decomposed with ice and 
hydrochloric acid, and the product isolated from the ethereal solution and twice distilled in a 
vacuum, 3-p-Cymylcarbinol formed a yellowish, somewhat viscous liquid (27 g.), b. p. 143— 
144°/25 mm., which was not obtained analytically pure (Found: C, 77-8; H, 9-3. Calc.: 
C, 80-4; H, 98%). Its 3: 5-dinitrobenzoate crystallised from alcohol in colourless fibrous 
needles, m. p. 85—86° ({Found : C, 60-35; H, 5-0. C,,H,,O,N, requires C, 60-3; H, 5-1%). 

Thionyl chloride (47 g.) was added dropwise to an ice-cold mixture of 3-p-cymylcarbinol 
(60 g.) and dimethylaniline (47 g.)._ The whole was then heated on the water-bath until evolution 
of sulphur dioxide ceased, and was then cooled, diluted with water, extracted with ether, and 
the extract washed and distilled. 3-Chloromethyl-p-cymene (52 g.) was redistilled, forming a 
yellowish mobile liquid, b. p. 129—130°/25mm. (Found: C, 72-4; H, 8-15. C,,H,,;Cl requires 
C, 72-3; H, 83%). 

1-(3’-p-Cymylmethyl)phenanthrene (IV).—To an ice-cold Grignard solution prepared from 
3-chloromethyl-p-cymene (10 g.), magnesium turnings (1-4 g.), and anhydrous ether (50 c.c.) 
was added a solutjon of 1-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene (10-5 g.) in anhydrous ether 
(140 c.c.). After 2 hours at room temperature the whole was decomposed with water and 
ammonium chloride, the ethereal solution washed and dried, and the ether removed. The 
resulting syrup (17°5 g.) gave no crystalline material and was heated with phosphoric oxide 
(35 g.) at 145—150° for $ hour. The highest fraction, b. p. 260—270°/4—5 mm., formed a 
viscous resin (3-8 g.), which gave no crystalline picrate. It was heated with selenium (3-5 g.) 
at 320—340° for 19 hours, and the product distilled. The distillate, b. p. 250°/3—4 mm., was 
dissolved in a little ether, and the solution cooled in a freezing mixture. The resulting crystals 
(0-9 g.) were recrystallised from acetic acid and then alcohol. 1-(3’-p-Cymylmethyl)phen- 
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anthrene (IV) formed colourless needles, m. p. 115—116° (*Found: C, 92-6; H, 7-4; M, Rast 
method, 292, 300. C,;H,, requires C, 92-5; H, 75%; M, 324). The s.-trinitrobenzene complex 
of this hydrocarbon crystallised from alcohol in small canary-yellow needles, m. p. 134—135° 
(*Found : C, 69-2; H, 5-1; N, 7-7. Cy5H».,CgH,O,N, requires C, 69-2; H, 5-1; N, 7-8%). 
The hydrocarbon regenerated by reduction with stannous chloride had the m. p. given above. 

1-3'-Methyl-6'-isopropylbenzoylphenanthraquinone.—A solution of the hydrocarbon (IV) 
(0-2 g.) and sodium dichromate (0-6 g.) in purified acetic acid (5 c.c.) was heated on the water- 
bath for 44 hours. The cooled solution was diluted with water, and the precipitate collected 
and dissolved inalcohol. After a time the solution crystallised ; the crystals were twice recrystal- 
lised from benzene, forming small orange-brown needles, m. p. 208—209° (*Found: C, 81-4; 
H, 5-4. C,z;H.»O, requires C, 81-5; H, 5-5%). The yield of the pure quinone was small. When 
warmed with o-phenylenediamine in acetic acid, it gave almost colourless needles, m. p. 187°, 
the amount of which was too small for purification. 


Formation of Spirans (VIII and X). 


8-3-(p-Cymyl) propionic Acid.—A solution of ethyl malonate (96 g.) in pure benzene (110 c.c.) 
was heated on the water-bath with sodium wire (6-7 g.). After all the sodium had dissolved, 
3-chloromethyl-p-cymene (50 g.) was added. The whole was boiled for 2 hours, kept at room 
temperature over-night, and then diluted with water. The washed benzene solution was dried 
and distilled. The ester (b. p. 195—200°/14 mm.; 68 g.) was heated on the water-bath for 
} hour with methyl alcohol (100 c.c.) and 50% aqueous potassium hydroxide (85 c.c.). After 
dilution with water and extraction with ether, the aqueous solution was acidified and the crude 
malonic acid derivative extracted with ether. For decarboxylation, this was heated at 180° 
for hour, and then distilled. The crystalline distillate, b. p. 195°/11 mm., of B-3-(p-cymy/)pro- 
pionic acid (38 g.) was sufficiently pure for the next stage. For analysis, a sample was recrystal- 
lised from light petroleum, forming colourless crystals, m. p. 61—61-5° (Found: C, 75-55; 
H, 8-7. C,3;H,,O, requires C, 75-7; H, 8-8%). 

7-Methyl-4-isopropyl-1-hydrindone (V; R = H).—The foregoing acid was heated with an 
equal weight of anhydrous stannic chloride at 120° for an hour. The product was cooled, 
treated with dilute hydrochloric acid, and extracted with ether. Nearly half of the original 
acid was recovered from the extract by shaking with dilute alkali. The ether was then removed, 
and the residue distilled. 7-Methyl-4-isopropyl-1-hydrindone, b. p. 165—167°/15 mm., was 
obtained in 90% yield with reference to the amount of acid actually converted. A pure sample, 
recrystallised from light petroleum, formed colourless needles, m. p. 46-—48° (Found : C, 82-8; 
H, 8-3. (C,,H,,O requires C, 82-9; H, 8-5%). This ketone gave a phenylhydrazone, m. p. 
96—97°. 

1-Hydroxy-1-(8-1'-naphthylethyl)-7-methyl-4-isopropylhydrindene.—To an ice-cold Grignard 
solution prepared from $-l-naphthylethyl chloride (31-6 g.), magnesium turnings (4 g.), and 
anhydrous ether (100 c.c.) was added a solution of 7-methyl-4-isopropyl-1-hydrindone (20 g.) in 
ether (50 c.c.). After 2 hours at room temperature the product was treated with ice and 
ammonium chloride, and the ethereal solution washed, dried (sodium sulphate), and the ether 
removed on the water-bath. A solution of the residual oil in light petroleum deposited colourless 
crystals (16 g.) of 1-hydroxy-1-(8-1'-naphthylethyl)-7-methyl-4-isopropylhydrindene. This carbinol 
separated from methyl alcohol as a colourless crystalline powder, m. p. 115-5—116° (Found : 
C, 87-2; H, 8-1. C,,;H,,O requires C, 87-1; H, 8-2%). 

3-(8-1'-Naphthylethyl)-4-methyl-1-isopropylindene (VII).—This was formed when the above 
carbinol (5 g.) was heated at 160° for an hour with potassium hydrogen sulphate (7-5 g.). The 
indene was isolated, and recrystallised from alcohol, forming colourless leaflets, m. p. 92—93° 
(Found: C, 92-1; H, 7-9. C,;H,, requires C, 92-0; H, 8-0%). No rearrangement of the 
ethylenic bond occurred under the influence of boiling 10% methyl-alcoholic potassium 
hydroxide. 

7-Methyl-4-isopropylhydrindene-1 : 7'-spiro-7' : 8'-dihydrophenalene (VIII).—(a) A mixture 
of 1-hydroxy-1-(8-1’-naphthylethyl)-7-methyl-4-isopropylhydrindene (15 g.), acetic acid 
(135 c.c.), and concentrated sulphuric acid (15 c.c.) was heated on the water-bath for an hour, 
cooled, diluted with water, and extracted with ether. The product was distilled (b. p. 235°/2—3 
mm.), and the distillate recrystallised from acetic acid, from which the spivan (VIII; 8 g.) 
separated as colourless crystals, m. p. 82—83° (*Found: C, 91-8; H, 8-0. C,;H». requires 
C, 92-0; H, 80%). This hydrocarbon, which was saturated towards pyridine sulphate 
dibromide (compare Part I), was recovered entirely unchanged after heating with selenium at 
310—320° for 24 hours. The resinous material from the original acetic acid mother-liquors was 
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similarly treated with selenium, but gave only a further quantity of the same spiran. This 
spiran, unlike its isomeride (X), gave no crystalline picrate in alcoholic solution. 

(b) Dehydration of the carbinol with phosphoric oxide (1-5 parts) at 160° gave the same 
saturated hydrocarbon (VIII), m. p. 82—83°. 

(c) The spiran (VIII) was also isolated when the indene (VII), diluted with carbon disulphide, 
was treated at 0° for 4 hours with anhydrous aluminium chloride. 

B-5-Tetralylethyl Alcohol_—a-Naphthylamine was reduced to 5-aminotetralin under the 
conditions recommended by Morgan, Micklethwait, and Winfield (J., 1904, 85, 744), and this was 
converted into 5-bromotetralin through the Sandmeyer reaction (Smith, ibid., p. 729). An 
ice-cold Grignard solution prepared from 5-bromotetralin (49 g.), magnesium turnings (5-6 g.), 
and anhydrous ether (150 c.c.) was treated with ethylene oxide (14g.). After keeping over-night 
at room temperature, the ether was distilled off and the residue was heated on the water-bath for 
an hour. The product was decomposed with ice and hydrochloric acid, extracted with ether, 
and the extract washed and distilled. The resulting alcohol (23 g.) formed a pale yellow liquid, 
b. p. 160°/12 mm. For analysis, it was purified through its 3 : 5-dinitrobenzoate, obtained by 
brief heating at 100° with 3: 5-dinitrobenzoyl chloride in pyridine. After several crystallis- 
ations from benzene-cyclohexane and then alcohol, this ester formed yellowish prismatic 
needles, m. p. 128—129° (tFound: C, 61-8; H, 4-8. C,,H,,0,N, requires C, 61-6; H, 4-9%). 
Pure §-5-tetralylethyl alcohol, obtained by hydrolysis of this ester with alcoholic potassium 
hydroxide, formed a colourless viscous liquid, b. p. 120°/0-2 mm. (Found: C, 81-5; H, 91. 
C,.H,,O requires C, 81:7; H, 9-2%). 

8-5-Tetralylethyl Chloride.—This was obtained from the alcohol by means of thionyl chloride 
and dimethylaniline, and formed a pale yellow liquid, b. p. 155°/11—12 mm. (Found : C, 73-8; 
H, 7-6. C,,H,,Cl requires C, 74-0; H, 7-8%). 

1-Hydroxy-1-(8-5'-tetralylethyl)-7-methyl-4-isopropylhydrindene.—The condensation between 
the Grignard compound of tetralylethyl chloride (12 g.) and 7-methyl-4-isopropyl-1-hydrindone 
(V; R = H) (9-2 g.) was carried out just as the analogous reaction with naphthylethy] chloride. 
The carbinol (2-5 g.) was isolated from the crude reaction product by means of light petroleum, 
and was recrystallised from methyl] alcohol, forming compact colourless crystals, m. p. 114-5— 
115° (Found : C, 86-1; H, 9-5. C,,H,;,O requires C, 86-1; H, 9-3%). 

7-Methyl-4-isopropylhydrindene-1 : 1'-spiro-(4’ : 5’-benz)hydrindene (X).—The preceding 
carbinol (1 g.) was heated on the water-bath for an hour with concentrated sulphuric acid (1 c.c.) 
in glacial acetic acid (10 c.c.). The saturated resinous product was heated with selenium (1 g.) 
at 320° for 20 hours, and the product distilled at 0-05 mm. from a bath at 180—200°. The 
distillate was dissolved in a little ether, and the solution cooled in a freezing mixture. A small 
amount of crystalline material separated which, after recrystallisation from acetic acid, had 
m. p. 198—200°. This was probably methylisopropylnaphthafluorene (III), but there was 
insufficient for identification. The ether was removed from the liquors, and the residue treated 
with picric acid (0-5 g.) in acetic acid. The resulting scarlet picrate of the spiran (X) was 
recrystallised from acetic acid; it then had m. p. 121-5—122° (*Found: C, 67-1; H, 5-2. 
C,5Hy¢,C,H,O,N, requires C, 67-0; H, 53%). This product was formed in good yield. The 
hydrocarbon regenerated from the pure picrate could not be obtained crystalline. 


Chrysofluorene from 2-Methyl-1-hydrindone. 


3-8-Phenylethyl-2-methylindene (XI).—The benzylmethylacetic acid required for this 
synthesis was prepared from benzyl chloride and ethyl sodiomethylmalonate (Conrad and 
Bischoff, Annalen, 1880, 204, 177). 2-Methyl-1-hydrindone was obtained in 82% yield by the 
action of aluminium chloride on benzylmethylacetyl chloride, the conditions being those used 
by Ingold and Piggott (J., 1923, 128, 1502) in an analogous case. The condensation between 
2-methyl-1-hydrindone (12 g.) and the Grignard compound of $-phenylethyl chloride (14 g.) was 
effected in the usual way. The crude carbinol did not crystallise and was distilled ina vacuum, 
whereby it was dehydrated to the indene, b. p. 170°/1 mm. (yield, 15 g. = 80%). 3-8-Phenyl- 
ethyl-2-methylindene (XI) was purified through its picrate, which was very easily dissociated, 
and was then distilled over sodium at 0-8 mm., forming a colourless liquid (Found : C, 92-0; 
H, 7-6. C,,H,, requires C, 92-3; H, 7-7%). 

10-Methyl-3 : 4: 10: 11-tetrahydro-1 : 2-benzfluorene (XII).—An ice-cold solution of the 
indene (XI; 11-6 g.) in carbon disulphide (120 c.c.) was treated with anhydrous aluminium 
chloride (13-5 g.). After being kept at 0° for 3 hours the carbon disulphide solution was 
decanted from the aluminium chloride sludge, washed with dilute hydrochloric acid and with 
water, and distilled. The tetracyclic hydrocarbon (XII) was redistilled over sodium, forming a 
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colourless viscous liquid, b. p. 159°/0-8 mm. (yield, 9-5 g. = 82%). This was completely 
saturated and did not increase the colour of a picric acid solution (Found: C, 91-9; H, 7-7. 
C,,H,, requires C, 92-3; H, 7-7%). 

Chrysofluorene.—The foregoing tetracyclic hydrocarbon (2-8 g.) was heated with selenium 
(2 g.) at 310—320° for 24 hours. The crystalline product was extracted with acetic acid, and 
the solution allowed to crystallise. It formed colourless plates (1-5 g. = 65% of the theoretical), 
m. p. 180—182° after slight sintering. Sublimation in a vacuum, followed by crystallisation 
from acetic acid, removed a trace of selenium and gave pure chrysofluorene, m. p. 182—183° 
alone or mixed with an authentic sample. 


2’ : 1’-Naphtha-1 : 2-fluorene and Derivatives. 

3-(8-5'-Tetralylethyl)-2-methylindene (XIII; R = R’ = H).—2-Methyl-l-hydrindone (11 g.) 
was added to an ice-cold Grignard solution prepared from §-5-tetralylethyl chloride (17-6 g.), 
magnesium turnings (2-2 g.), and anhydrous ether (100 c.c.). The crude carbinol was dehydr- 
ated by heating to 150° and the resulting indene was distilled in a vacuum (yield, 14-3 g. = 66%). 
The picrate crystallised from alcohol in scarlet plates, m. p. 115° (Found: C, 65-5; H, 5-4. 
CosHoq,Cg5H,O,N, requires C, 65-0; H, 5-25%). 3-(8-5’-Tetralylethyl)-2-methylindene, regener- 
ated from the pure picrate and distilled over sodium, had b. p. 190°/0-3 mm., and crystallised 
from alcohol in colourless rhombs, m. p. 73° (Found : C, 91-3; H, 8-3. C,,H,4 requires C, 91-6; 
H, 8-4%). 

10-Methyl-3 : 4: 10:11: 5’: 6’: 7’ : 8'-octahydro-2' : 1'-naphtha-1 : 2-fluorene (XIV; R= 
R’ = H).—An ice-cold solution of the indene (XIII; R = R’ = H) (1 part) in carbon disulphide 
(10 parts) was treated at 0° for 3 hours with anhydrous aluminium chloride (1 part). Vacuum 
distillation of the product gave an 80% yield of a glass-like mass, b. p. 195°/0-4 mm., which 
became crystalline in light petroleum. After recrystallisation from alcohol, the pentacyclic 
hydrocarbon (XIV; R= R’ =H) formed colourless rhombs, m. p. 123-5—124° (Found : 
C, 91-2; H, 8-5. C,.H,, requires C, 91-6; H, 8-4%). The same hydrocarbon was obtained by 
cyclisation of the indene with sulphuric acid in acetic acid at 100°. 

2’ : 1'-Naphtha-1 : 2-fluorene.—(a) The foregoing methyloctahydro-compound (2-5 g.) was 
heated with selenium (3 g.) at 310—320° for 20 hours. After crystallisation from xylene, the 
product (1-35 g.) had m. p. 317°, after sintering, and was contaminated with selenium, which 
could not be removed by recrystallisation but was readily separated by fractional vacuum 
sublimation. The first fraction (250°/0-3 mm.) was mainly selenium; the naphthafluorene 
sublimed at 300°/0-3mm. After recrystallisation from pyridine and then xylene, 2’ : 1'-naphtha- 
1 : 2-fluorene formed colourless glistening leaflets, m. p. 327—-328°, in a bath pre-heated to 300° 
(tFound : C, 94-6; H, 5-5. C,,H,, requires C, 94-7; H, 5-3%). 

The brick-red 2 : 7-dinitroanthraquinone complex, prepared in xylene, had m. p. 249—251° 
(tFound : C, 74:7; H, 3-6; N, 5-1. C3;H., O,N, requires C, 74-4; H, 3-6; N, 5-0%). 

(b) The dehydrogenation of (XIV; R = R’ = H) was effected by heating with selenium at 
400—420° for 10 hours, and the product purified as described under (a). The two products 
were indistinguishable in their m. p.’s and mixed m. p.’s, and the identification of this sample of 
naphthafluorene was completed by oxidation to naphthafluorenone. 

Oxidation of 2' : \'-Naphtha-1 : 2-fluorene.—The monoketone (XIV) could be obtained by 
oxidation with the calculated amount of sodium dichromate in acetic acid, but purification was 
troublesome, and it was better to use an excess of dichromate. This gave some triketone 
(XVII), which was readily separated from the monoketone (XVI) by fractional vacuum sublim- 
ation. A suspension of powdered 2’: 1’-naphtha-1 : 2-fluorene (0-1 g.) in purified acetic acid 
(5 c.c.) was boiled for an hour with sodium dichromate (0-3 g.)._ The crystals which separated 
on cooling were sublimed at 0-2mm. The orange sublimate formed at 220—240° was recrystal- 
lised from acetic acid, and formed reddish-orange needles, m. p. 207—208° (Found : C, 90-1; 
H, 4-5. C,,H,,O0 requires C, 90-0; H, 43%). 2’: 1’-Naphtha-1 : 2-fluorenone (XVI) gave an 
intense purple solution in concentrated sulphuric acid, the colour afterwards changing to 
magenta. At 300—320° the dark red trviketone (XVII) sublimed. It crystallised from acetic 
acid (in which it was extremely sparingly soluble) in microscopic dark red needles, m. p. 340— 
350° (decomp.), after darkening from 280° (fFound: C, 80-8; H, 3-3. C,,H,,O, requires 
C, 81:3; H, 3-25%). This keto-quinone, which gave a yellow solution in concentrated sulphuric 
acid, was also formed by further oxidation of the monoketone (XVI). 

2: 7-Dimethyl-4-isopropyl-1-hydrindone (V; R = Me).—Condensation of 3-chloromethy]l- 
p-cymene (35 g.) with ethyl sodiomethylmalonate (4-5 g. sodium, 70 g. ethyl methylmalonate, 
and 80 c.c. benzene) gave an ester (53 g.), b. p. 175°/2 mm., which was hydrolysed, and the 
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malonic acid decarboxylated by heating to 200°. 8-(3-p-Cymy/)-a-methylpropionic acid (31 g.) 
formed a colourless liquid, b. p. 160—162°/0-8 mm. (Found: C, 76:4; H, 9-1. C,,H,.O, requires 
C, 76:3; H, 9-15%). Dehydration of this acid to 2: 7-dimethyl-4-isopropyl-1-hydrindone 
(V; R = Me) was effected by heating at 120° for an hour with an equal weight of stannic 
chloride. By repeating the dehydration twice with the acid which was recovered, 25 g. of 
acid were converted into 15-8 g. of the hydrindone, b. p. 160°/16 mm., which crystallised from 
light petroleum in colourless needles, m. p. 46—46-5° (Found: C, 83-3; H, 8-9. C,,H,,0 
requires C, 83-1; H, 9-0%). 

3-(8-5'-Tetralylethyl)-2 : 4-dimethyl-7-isopropylindene (XIII; R= Me; R’ = Pré).—Con- 
densation between $-5-tetralylethylmagnesium chloride (from 19 g. tetralylethyl chloride) and 
2 : 7-dimethyl-4-isopropyl-1-hydrindone (15 g.) was effected in the usual manner and gave 24 g. 
of the distilled indene, which was purified by conversion into its picrate in alcoholic solution. 
This dipicrate formed ruby-red needles, m. p. 119—119-5° (fFound: C, 57-0; H, 4:8. 
CygHse,2C,H,O,N, requires C, 56-8; H, 48%). The pure hydrocarbon (XIII; R= Me; 
R’ = Pr), regenerated from the picrate and distilled over sodium,.formed a pale yellow gum, 
b. p. 218°/0-3 mm. (Found : C, 90-5; H, 9-4. C,,H;, requires C, 90-6; H, 9-4%). 

5 : 10-Dimethyl-8-isopropyl-3 : 4:10: 11: 5’ : 6’ : 7’ : 8’-octahydro-2’ : 1'-naphtha-1 : 2-fluor- 
ene (XIV; R= Me; R’ = Pr&’).—Cyclisation of the indene with aluminium chloride at 0° was 
complete in 3hours. After distillation over sodium the pentacyclic hydrocarbon (XIV; R = Me; 
R’ = Pr’), b. p. 215—220°/0-3 mm., formed a colourless brittle glass (75% yield) which could 
not be induced to crystallise. It was saturated and gave no picrate (Found : C, 90-55; H, 9-3. 
C,,H3, requires C, 90-6; H, 9-4%). 

5-Methyl-8-isopropyl-2' : 1'-naphtha-1 : 2-fluorene (I1I).—This was obtained in 80% yield 
when the octahydro-compound (XIV; R = Me; R’ = Pr*) (3-5 g.) was heated with selenium 
(4 g.) at 310—325° for 24 hours. The product was extracted with benzene, and the filtered 
solution concentrated and treated with alcohol. The crystals (2-65 g.; m. p. 195—196°) were 
freed from a trace of selenium by fractional sublimation in a vacuum. The hydrocarbon 
sublimed at 230—240°/0-2mm. The sublimate was recrystallised from benzene and then ethyl 
acetate, from which 5-methyl-8-isopropyl-2’ : 1'-naphtha-1 : 2-fluorene (I11) separated as slightly 
yellowish plates, m. p. 198° (*Found: C, 93-0, 93-1; H, 6-9, 6-9; M, Rast method, 291, 304. 
C,;H,,. requires C, 93-1; H, 6-9%; M, 322). The presence of 25 carbon atoms in the molecule 
was confirmed by an accurate determination of the molecular weight, for which we are indebted 
to Dr. Bernal and Miss Crowfoot. 

A mixture of this methylisopropylnaphthafluorene and the Diels hydrocarbon “ C,;H,,”’ 
melted at 170—188°. The faint yellow colour of the hydrocarbon (III), which was due to 
exposure of the solutions to light during recrystallisation, could be removed by boiling an 
acetic acid solution with zinc, or by shaking a benzene solution with concentrated sulphuric acid. 
The 2: 7-dinitroanthraquinone complex of (III) crystallised from xylene in red needles, m. p. 
261—262° (tFound : C, 75-4; H, 4-6. C,,H,,O,N, requires C, 75-5; H, 455%). 

5-Methyl-8-isopropyl-2’ : 1’-naphtha-1 : 2-fluorene was also obtained in good yield when the 
cyclisation of (XIII; R = Me; R’ = Pr) was effected with sulphuric acid in acetic acid at 100°, 
the cyclisation product being subsequently dehydrogenated with selenium. 

5-Methyl-8-isopropyl-2' : 1'-naphtha-1 : 2-fluorenone.—This was obtained by boiling a solution 
of the hydrocarbon (III; 0-3 g.) in purified acetic acid (20c.c.) with sodium dichromate (0-9 g.) 
for 15 minutes. The clear solution was diluted with water, and the precipitate collected and 
recrystallised from acetic acid. The orange plates could be seen to be contaminated with some 
red needles. The monoketone was obtained pure by vacuum sublimation, followed by crystal- 
lisation from benzene-alcohol, and then ethyl acetate. 5-Methyl-8-isopropyl-2’ : 1'-naphtha- 
1 : 2-fluorenone formed golden plates, m. p. 197—198°, which gave the same colours with con- 
centrated sulphuric acid as did the parent ketone (XVI) and the ketone formed by oxidation of 
the Diels hydrocarbon (*Found : C, 89-0; H, 5-95. C,,H,, O requires C, 89-25; H, 6-0%). 


We thank the International Cancer Research Foundation for a grant to one of us (E. R.). 
We are indebted to Mr. F. Goulden for the preparation of supplies of 3-p-cymylcarbinol and 
8-5-tetralylethyl alcohol, and to Dr. R. K. Callow for copies of his absorption curves of picene 
and the Diels hydrocarbon, which were very valuable for our preliminary spectroscopic 
comparisons. 
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378. The Synthesis of Pyridylpyrazoles. 


By GrEorGE R. CLEMO and THoMAs HoLMEs. 


It was expected that application of the pyrrole synthesis of Benary (Ber., 1911, 44, 495) to 
ethyl nicotinoylacetate would lead to ethyl 2-(3’-pyridyl)pyrrole-3-carboxylate (I), and 
thence on reduction of the pyrrole ring to ethyl nornicotine-3-carboxylate. When ethyl 
nicotinoylacetate was treated with «-dichloroethyl ether and ammonia, however, a 
crystalline compound, C,,H,,0,N, was obtained. The same compound resulted when 
methylamine was used in place of ammonia, and, as it reduced ammoniacal silver oxide and 
restored the colour to Schiff’s reagent, it would appear to be ethyl 6-nicotinoylpropaldehyde-8- 
carboxylate (II). The compound is unchanged by heating with either alcoholic ammonia or, 
rather remarkably, alcoholic hydrogen chloride. 


EtO,C EtO,C-CH—CH, NO.—, 
0 Ge m@ ols 
NWO NH YW 4 NH 





(I.) (II.) (III.) 

Ethyl nicotinoylacetate and phenylhydrazine gave 3-(3’-pyridyl)-1-phenyl-5-pyrazolone. 
Gough and King (J., 1931, 2968) isolated, as a by-product in the oxidation of nicotine, a 
compound which they considered to be 4-nitro-5- -(3’-pyridyl)pyrazole (III). Lund, how- 
ever (J., 1933, 686), suggested that the nitro-group was in the 3-position in the pyrazole ring, 
and so it was decided to apply the above pyrazole synthesis to settle the question. 

4-Amino-3(or 5)- (3’-pyridyl) pyrazole has now been synthesised as follows, and shown to 
be different from the amino-compound derived by reduction of the nicotine oxidation pro- 
duct. Ethyl nicotinoylacetate was condensed with hydrazine hydrate by heating in methyl- 
alcoholic solution, giving 3-(3’-pyridyl)-5-pyrazolone (IV), which with phosphorus oxychlor- 
ide gave 5-chloro-3-(3’-pyridyl)pyrazole. The latter was nitrated with fuming nitric acid, 
with formation of 5-chloro-4-nitro-3-(3'-pyridyl)pyrazole, and this on reduction with red 
phosphorus and dilute hydriodic acid gave 4-amino-3(or 5)-(3’-pyridyl)pyrazole. 

The alternative possibility, the 3-amino-5-(3’-pyridyl)pyrazole, has therefore been syn- 
thesised from 5-(3’-pyridyl)pyrazole-3-carboxylic acid (Gough and King, J., 1933, 350). 
The acid was esterified and converted into the hydrazide, which reacted readily with amyl 
nitrite and hydrochloric acid in aqueous ethyl alcohol, giving a good yield of the urethane. 
This was converted by boiling concentrated hydrochloric acid into 3-amino-5-(3'-pyridyl)- 
pyrazole, and the latter corresponded in every way with the amino-compound from nicotine. 
Gough and King’s nitro-compound is therefore mea tons an 


Fi-f0 CH er, 
O\_¢ NH Y = N Oe € ao | xl 
| || YX 7 oe \t/ 
YY ‘s YN \/Z 

(IV.) (v.) (VI.) 


This being so, it would appear that the introduction of the nitro-group during the nitric 
acid oxidation of nicotine takes place before the formation of the final pyrazole ring system, 
and not subsequently, as supposed by Gough and King. Possibly, after the formation of 
their claimed nitrogen-bridged intermediate compound (V), a tautomeric change occurs, and 
gives the compound (VI, R = H), which on subsequent nitration gives (VI, R = NO,). 
Finally the residual pyrrole «-carbon atom is eliminated by oxidation as postulated by 
Gough and King, to give 3-nitro-5-(3’-pyridyl) pyrazole. 

EXPERIMENTAL. 


Ethyl Nicotinoylacetate.—Sodium ethoxide from sodium (1 g.) and absolute alcohol (15 c.c.) 
was made in a round-bottomed flask fitted with a dropping-funnel and stirrer through a mercury 
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seal, and evaporated to dryness. Ethyl nicotinate (6°5 g.) was dropped in with stirring at the 
ordinary temperature, followed by ethyl acetate (4°5 c.c.), and the mixture was stirred and 
heated at 77° for 2} hours. Sufficient water was added to dissolve the product, and the solution 
made just acid with hydrochloric acid (1: 1), treated with excess of sodium bicarbonate, and 
extracted withether. The extract was dried over sodium sulphate and fractionated, giving ethyl 
nicotinate (1°8 g.) up to 121°/1 mm., and ethyl nicotinoylacetate (4°1 g.), b. p. 125—35°/1 mm. 
(Found: C, 62°5; H, 5°5. Calc. for C,gH,,O,N: C, 62°2; H, 5°7%). 

3-Pyridyl Methyl Ketone.—Ethy] nicotinoylacetate (1°7 g.) was refluxed gently for 1 hour 
with 15 c.c. of sulphuric acid (10%), the solution made alkaline with potassium carbonate and 
extracted with ether, and the extract dried over sodium sulphate and fractionated, giving 0°8 g. 
of oil, b. p. 106°/12 mm. (Found : C, 69°0; H,5°8. Calc. forC,H,ON : C, 69°4; H,5°8%). The 
oxime crystallised from ethyl alcohol in stout prisms, m. p. 130°5° (Found: C, 61°6; H, 6:1. 
C,H,ON, requires C, 61°8; H, 5°9%). 

Ethyl 8-Nicotinoylpropaldehyde-B-carboxylate.—Ethy] nicotinoylacetate (2°3 g.) was shaken 
with aqueous ammonia (4 c.c., d 0°88) and water (8 c.c.), and a8-dichloroethy]l ether (2 c.c.) added 
at once. The mixture was well shaken for about 5 minutes, much heat being evolved, and 
then left over-night in the refrigerator. The resulting pasty solid was collected, the oil washed 
out with water, dried on a porous plate, and the solid (0°55 g.) crystallised from benzene-ligroin 
(b. p. 60—80°), giving stout colourless prisms, m. p. 116° (Found: C, 61°5; 61°8; H, 5°65, 5:4; 
N, 5°9. C,,H,,;0,N requires C, 61°3; H, 5°5; N,5°9%). A molecular-weight determination by 
the Rast method could not be done. 

3-(3’-Pyridyl)-1-phenyl-5-pyrazolone.—Ethy] nicotinoylacetate (0°3 g.) and phenylhydrazine 
(0°15 g.) were heated in acetic acid for } hour at 100°, water added, and the resulting solid crystal- 
lised from a little ethyl alcohol, giving faintly yellow prisms, m. p. 188° (Found: C, 71:0; H, 
4°7. C,4H,,ON, requires C, 70°9; H, 4°6%). 

3-(3’-Pyridyl)-5-pyrazolone.—Ethyl nicotinoylacetate (3 g.), methyl alcohol (6 c.c.), and 
hydrazine hydrate (3 c.c., 95%) were refluxed together for 4 hours on the water-bath, filtered from 
a trace of solid, and evaporated to dryness under reduced pressure. The resulting crystalline 
solid was ground with water and a slight excess of acetic acid (to neutralise the residual hydrazine), 
and gave rectangular prisms (2°5 g.), m. p. 268° (Found: C, 59°6; H, 4°2. C,H,ON, requires 
C, 59°6; H, 4°3%). 

5-Chloro-3-(3’-pyridyl)pyrazole-—The above pyrazolone (1 g.) and phosphorus oxychloride 
(8 c.c.) were heated in a sealed tube for 6 hours at 180°. The residue after evaporation of the 
excess of phosphorus oxychloride was treated with ice, and the solution neutralised with sodium 
bicarbonate. The separated solid (0°95 g.) crystallised from ethyl alcohol and water (1: 1) in 
long colourless needles, m. p. 190° (Found: C, 53°4; H, 3°6. C,H,N,;Cl requires C, 53°5; H, 
3°3%). 

5-Chlovo-4-nitro-3-(3’-pyridyl)pyrazole.—The chloro-pyrazole (1 g.) was heated on the water- 
bath for 4 hour with fuming nitric acid (6 c.c.) in a loosely stoppered flask. The product was 
diluted with water, made alkaline with sodium hydroxide solution, and neutralised by carbon 
dioxide. The nitro-compound was filtered off (0°9 g.) and crystallised from alcohol and water 
(1: 1) in long colourless needles, m. p. 220°5° (Found: C, 43:2; H, 2°3. C,H,O,N,Cl requires 
C, 42°8; H, 2°2%). 

4-Amino-5(or 3)-(3’-pyridyl)pyrazole.—The chloronitro-compound (1°5 g.) was heated with 
red phosphorus (1°5 g.) and hydriodic acid (21 c.c., 20%) in a sealed tube at 170° for 8 hours. 
The hydriodic acid was then evaporated off, and the residue treated with ammonia, giving 
4-amino-5(or 3)-(3’-pyridyl)pyrazole, which crystallised from alcohol in long colourless needles 
(1 g.), m. p. 176° (Found : C, 59°8, 60°0; H, 5°1,5°1. C,H,N, requires C, 60°0; H,5-0%). The 
dipicrate crystallised in yellow dendritic clusters from water, m. p. 205° (Found: C, 38°9; H, 
2°1. C,gH,gN,,2C,H,O,N, requires C, 38°8; H, 2°3%). The monoacetyl derivative crystallised 
in white acicular prisms from alcohol, m. p. 183° (Found : C, 58°7; H, 5°4. Cy 9H, ,ON, requires 
C, 59°4; H, 5°0%): The acetyl-dihydrochloride crystallised in white needles from alcohol, m. p. 
254° (Found: N, 20°7. C,9H,,ON,,2HCI requires N, 20°4%). 

5-(3’-Pyridyl)pyrazole-3-carboxylic Acid.—This acid was made by the method of Gough and 
King (/oc. cit.) with the exception that nicotinoylacetone was made by the following much im- 
proved method (yield, 82%). Sodium ethoxide from sodium (4°5 g.) was prepared in a flask as 
for ethyl nicotinoylacetate above, ethyl nicotinate (29°2 g.) added slowly with stirring, and then 
acetone (20c.c.) wasrunin. The mixture was heated with stirring at 56° for 3 hours and worked 
up as for ethyl nicotinoylacetate, 26 g. of nicotinoylacetone being obtained, b. p. 154°/12 mm., 


m. p. 85°. 
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Ethyl 5-(3’-pyridyl) pyrazole-3-carboxylate.—The above acid (2°7 g.) was suspended in absolute 
alcohol (25 c.c.) and saturated with hydrogen chloride at 0°. After standing over-night, the 
mixture was refluxed for 4 hours on the water-bath, the alcohol removed under reduced pressure, 
and the solid residue neutralised with sodium bicarbonate solution. The resulting ethyl ester 
(2°55 g.) crystallised from alcohol in colourless prisms, m. p. 170° (Found: C, 60°6; H, 5:0. 
C,,H1,0,N; requires C, 60°8; H, 5°1%). The hydrazide was formed when the above ester (2 g.) 
was heated with hydrazine hydrate (3 c.c., 95%) and methyl alcohol (10 c.c.) for 48 hours in a 
sealed tube in a water-bath, and crystallised on cooling (1°79 g.). It was recrystallised from 
alcohol, giving long, colourless monoclinic prisms, m. p. 260° (Found : C, 52°9; H, 4°5. C,H,ON, 
requires C, 53°2; H, 4°4%). 

5-(3’-Pyridyl)pyrazole-3-urethane.—Amy] nitrite (3 c.c.) was added with stirring to a suspen- 
sion of the hydrazide (2°1 g.) in alcohol (20 c.c.) and water (10 c.c.), followed by hydrochloric 
acid (3°5c.c.). The pale yellow solution was left over-night and then evaporated to dryness on 
the water-bath under reduced pressure. The residue was refluxed for } hour with alcohol 
(8 c.c.) and then concentrated. The urethane dihydrochloride separated (2°1 g.) and gave white 
needles from alcohol, losing solvent of crystallisation at 126°, and melting finally at 302° (Found : 
C, 44°8; H, 5°7. C,,H,,0,N,,2HC1,C,H,O requires C, 44°5; H, 5°7%). 

3-A mino-5-(3’-pyridyl)pyrazole-—The urethane dihydrochloride (1 g.) was refluxed with 
hydrochloric acid (5 c.c.) for 16 hours and then evaporated to dryness, giving 3-amino-5-(3’- 
pyridyl)pyrazole hydrochloride (0-7 g.), which crystallised from water in fine needles, m. p. 301°. 
A portion treated with a solution of sodium picrate gave a crystalline dipicrate, m. p. 210°, raised 
to 219° by recrystallisation from water, and not depressed by admixture with the dipicrate 
of Gough and King’s amino-compound (m. p. 219—220°) (Found: C, 38°95; H, 2°5. 
C,H,N,,2C,H,O,N, requires C, 38°8; H, 2°3%). The hydrochloride (0°1 g.), warmed with 
acetic anhydride (1 c.c.), acetic acid (1 c.c.), and sodium acetate (0°1 g.), gave on neutralisation 
with sodium bicarbonate solution a monoacetyl derivative, m. p. 300°, raised to 308—309° by 
recrystallisation from alcohol. The mixed m. p. with the acetyl derivative of the amino- 
compound from nicotine (Lund, Joc. cit.) showed no depression (Found: C, 59°5; H, 5°5. 
CypH ON, requires C, 59°4; H, 5°0%). 


One of us (T. H.) is indebted to the Council of Armstrong College and to Durham County 
Council for Scholarships which have enabled him to take part in this work, and our thanks are 
also due to the Imperial Chemical Industries, Ltd., for a grant. 


THE UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, July 31st, 1934.] 





379. The Reactivity of Unsymmetrical Distyryl Ketones. 
By W. P. JENNINGS and A. McGooKIN. 


THE work of Heilbron and his collaborators (J., 1924, 125, 2067; 1925, 127, 2163; 1927, 
921; 1928, 2868) has been extended to the condensation of ethyl acetoacetate with 4’-hydr- 
oxy-3-chloro-, 4'-hydroxy-4-chloro-, 3-chloro-4’-methoxy-, and 4-chloro-4'-methoxy-distyryl 
ketones. The addition occurs in each case at the double bond adjacent to the first sub- 
stituent mentioned. 

. The results of addition in this series are so inconsistent that the use of ethyl aceto- 
acetate had to be abandoned. The anomalies are probably due to the highly active nature 
of the reactants. Moreover the yields of addition products are not quantitative, so that 
the whole course of the reaction cannot be ascertained. It is hoped that the use of some 
more simple addition reagent, e.g., hydrogen, may be more successful. 

Although certain methoxydistyryl ketones were prepared normally by condensation, 
it was not possible to produce 2- and 3-methoxy-, 2: 3’- and 2 : 4’-dimethoxy-distyryl 
ketones by this means. Methylation of the corresponding hydroxy-compounds was not 
employed, since the results of the investigation did not justify further experiments. 

Ethyl 3-p-methoxyphenyl-5-m-chlorostyryl-A5-cyclohexen-1-one-2-carboxylate, formed by 
the methylation of the corresponding hydroxy-compound, was shown to be isomeric with 
ethyl 3-m-chlorophenyl-5-p-methoxystyryl-A®-cyclohexen-1-one-2-carboxylate, formed by con- 
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densing 3-chloro-4’-methoxydistyryl ketone with ethyl acetoacetate, both by a depression 
in the mixed melting point and by the production of m-chloro- and p-methoxy-benzoic 
acids respectively on oxidation. 

EXPERIMENTAL. 


4-Methoxydistyryl Ketone.—The following modification of Baeyer and Villiger’s method 
(Ber., 1902, 35, 3022) was used. A solution of styryl methyl ketone (11 g.) and anisaldehyde 
(10-25 g.) in alcohol (200 c.c. of 50%) was treated with sodium hydroxide (20 c.c. of 8%). The 
yellow oil crystallised in a few hours. Pale yellow needles (15 g.) from acetone, m. p. 96°. 

4'-Hydroxy-2-methoxydistyryl Ketone.—4-Hydroxystyryl methyl ketone (2 g.) was condensed 
with 2-methoxybenzaldehyde in alkaline solution. After standing, the precipitate formed on 
acidification was crystallised from ethyl acetate, giving yellow prisms (1-5 g.), m. p. 137° (Found : 
C, 76-8; H, 5-7. C,,H,,O, requires C, 77-1; H, 5-7%). 

3 : 4’-Dimethoxydistyryl Ketone.—4-Methoxystyryl methyl ketone (16-1 g.) was condensed by 
means of hydrogen chloride with 3-methoxybenzaldehyde. After 3 days the red crystals were 
treated with alkali and the resulting solid was purified from acetone, forming pale yellow needles 
(10-5 g.), m. p. 77—78° (Found : C, 77-6; H, 6-3. C,gH,,O, requires C, 77-6; H, 6-1%). The 
condensation product of this compound and ethyl acetoacetate was an oil. 

3-Chloro-4'-hydroxydistyryl Ketone.—4-Hydroxystyryl methyl ketone (10 g.) and 3-chloro- 
benzaldehyde were condensed by means of alkali. After 1 day the diluted and acidified solution 
gave an oil, which finally solidified and separated from acetic acid in yellow prisms (9-3 g.), 
m. p. 167° (Found: C, 71-55; H, 4-55. C,,H,,;0,Cl requires C, 71-7; H, 4-6%). 

4-Chloro-4'-hydroxydistyryl Ketone-—4-Hydroxystyryl methyl ketone (10 g.) and 4-chloro- 
benzaldehyde were condensed in alkaline solution. After 16 hours the diluted solution was 
acidified ; the precipitate crystallised from acetic acid as yellow prisms (10-5 g.), m. p. 200—201° 
(Found: C, 71-8; H, 45%). During this reaction a small quantity of a yellow solid, m. p. 
235°, was obtained which was identified as 4 : 4’-dihydroxydistyryl ketone formed from the pro- 
ducts of alkali fission of 4-hydroxystyryl methyl ketone (compare McGookin and Heilbron, 
J., 1924, 125, 2101). 

3-Chloro-4'-methoxydistyryl Ketone.—3-Chloro-4’-hydroxydistyryl ketone (5 g.) was methyl- 
ated with methyl sulphate. The product crystallised from acetone in yellow needles (5 g.), m. p. 
115-5° (Found : C, 72-5; H, 5-1. C,,H,,0,Cl requires C, 72-4; H, 5-0%). 

4-Chloro-4'-methoxydistyryl ketone, prepared as above, formed faintly yellow needles from 
acetone, m. p. 157—157-5° (Found : C, 72-5; H, 5-1%). 

Ethyl 3-p-Hydroxyphenyl-5-m-chlorostyryl-A5-cyclohexen-1-one-2-carboxylate.—3-Chloro-4'- 
hydroxydistyryl ketone (5 g.) was condensed with ethyl acetoacetate. After 2 days, water 
(1 1.) was added, the solution acidified with dilute hydrochloric acid, and the precipitate crystal- 
lised from acetic acid, forming yellow prisms (4-1 g.), m. p. 202° (Found: C, 69-3; H, 5-4. 
C,3H,,0,Cl requires C, 69-6; H, 5-3%). Oxidation of this product with permanganate in 
acetone solution yielded m-chlorobenzoic acid, mixed m. p. 154°. 

Ethyl 3-p-Methoxyphenyl-5-m-chlorostyryl-A5-cyclohexen-1-one-2-carboxylate——The above 
cyclohexenone was methylated with methyl sulphate. The methy/ ether crystallised from ether 
in yellow prisms, m. p. 121° (Found : C, 69-9; H, 5-5. C,,H,,0,Cl requires C, 70-2; H, 5-6%). 
Oxidation gave m-chlorobenzoic acid, mixed m. p. 153°. 

Ethyl  3-p-Hydroxyphenyl-5-p-chlorostyryl-A®-cyclohexen-1-one-2-carboxylate.—4-Chloro-4’- 
hydroxydistyryl ketone (5 g.) was condensed with ethyl acetoacetate. The product consisted of 
yellow needles (4-5 g.), m. p. 200° (Found: C, 69-55; H, 5-3. C,,;H,,0O,Cl requires C, 69-6; 
H, 53%). Oxidation yielded p-chlorobenzoic acid, mixed m. p. 236°. ' 

Ethyl 3-m-Chlorophenyl-5-p-methoxystyryl- A5-cyclohexen-1-one-2-carboxylate.—3-Chloro- 
4'-methoxydistyryl ketone (5 g.) was condensed with ethyl acetoacetate. The diluted solution 
was ether-extracted. After drying, the ethereal solution deposited yellow crystals (3-6 g.), 
m. p. 123° (Found: C, 70-3; H, 5-6. C,,H,,;0,Cl requires C, 70-2; H, 5-6%). Oxidation pro- 
duced anisic acid, mixed m. p. 187°. This cyclohexenone and its isomeride, ethyl 3-p-methoxy- 
phenyl-5-m-chlorostyryl-A®*-cyclohexen- l-one-2-carboxylate, gave a mixed m. p. of 108—115°. 

Ethyl 3-p-chlorophenyl-5-p-methoxystyryl-A®-cyclohexen-1-one-2-carboxylate was prepared as 
above. The ethereal extract was washed with dilute sulphuric acid, then with water, dried, and 
evaporated; yellow crystals (3 g.) separated, m. p. 128° (Found : C, 70-0; H, 5-8. C,,H,3;0,Cl 
requires C, 70-2; H, 5-6%). Oxidation yielded anisic acid, mixed m. p. 186-5°. 


THE UNIVERSITY, LIVERPOOL. [Received, August 8th, 1934.] 
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380. Orientation Problems. Part I. The Effect of Nitro-growps 
in Schiff's Bases. 


By A. McGookIN. 


In attempting to study the orienting effects of various amino-substituents in the nitro- 
amines a number of Schiff’s bases were prepared in good yield. These highly crystalline 
compounds, unlike the simple anils, were exceedingly stable towards acids. Hydrolysis 
could only be effected by heating them under pressure to a high temperature with ammonia. 

On nitration a second nitro-group was introduced into benzylidene-4-nitro-o-toluidine, 
and the product proved to be even more stable than the original anil. Hydrolysis yielded 
4-nitro-o-toluidine, hence nitration must have occurred in the benzylidene nucleus and not, 
as was hoped, in the substituted nucleus. By condensing the isomeric nitrobenzaldehydes 
with 4-nitro-o-toluidine the nitration product was identified as m-nitrobenzylidene-4-nitro-o- 
toluidine, so that the group (I) has m-directing influence in this case. 


Me Me 


‘CH: —CHPh 
mn Bin CHPh (1) 


NO, NO, 

An increase in the number of nitro-groups, as well as their positions in the molecule, 
appears to determine the stability of the anils to ammonia, since benzylidene-4-nitro-o- 
toluidine and benzylidene-2-nitro-p-toluidine are hydrolysed at 100°, m-nitrobenzylidene-4- 
nitro-o-toluidine at 150°, whilst benzylidene- and furfurylidene-2 : 5-dinitro-p-toluidine are 
stable at 150°. 

The positions of the nitro-groups with respect to the amino-group affect the capacity of 
the dinitrotoluidines to form Schiff’s bases, for, whilst 2 : 5-dinitro-p-toluidine readily 
condenses, 3 : 5- and 4: 5-dinitrotoluidines will not react with benzaldehyde. 

In order to study the orienting effect of -NICHR it is obviously necessary for R to be 
non-nitratable; consequently a number of suitable aldehydes were used to form anils. 
Owing to the remarkable stability of the products, and to the unsatisfactory yields obtained 
during pressure hydrolysis, the study of these compounds was abandoned for some years. 
Interest in it revived recently when an unusual method of hydrolysis was accidentally 
discovered. Since Schiff’s bases do not appear to have been subjected to oxidation, an 
attempt was made to oxidise benzylidene-4-nitro-o-toluidine with neutral aqueous per- 
manganate. Oxidation seemed to be indicated by an immediate odour of benzaldehyde, 
but the other product of the reaction proved to be 4-nitro-o-toluidine. 

The oxidising agent must play a preliminary part in hydrolysis, probably forming an 
unstable intermediate compound (II), which breaks down in the presence of water into the 
free base, benzaldehyde, and hydrogen peroxide, since free oxygen is not evolved during the 
reaction. 

This view is partially confirmed by repeating the oxidation in dry acetone. A colour- 
less solid is obtained which rapidly turns yellow on treatment with water, the smell of 
benzaldehyde being only then apparent. An investigation of the exact nature of this 
reaction and of its possible applications is being conducted. 


EXPERIMENTAL. 

Benzylidene-4-nitro-o-toluidine.—4-Nitro-o-toluidine (10 g.) and benzaldehyde (7 g.) were 
warmed in an evaporating dish on a water-bath with rapid stirring. The mixture quickly 
became solid. Crystallisation from alcohol—acetone yielded faintly yellow hairs (15°5 g.), 
m. p. 116° (Found: N, 11°4. C,,H,,0O,N, requires N, 11°7%). Heating with ammonia 
(d 0°880) in an autoclave to 100° gave 4-nitro-o-toluidine, m. p. 107°. Yield, 80%. 

Attempted Oxidation of Benzylidene-4-nitro-o-toluidine.—(a) The anil (1 g.) was shaken with 
an aqueous solution of potassium permanganate and kept for 2 days. Benzaldehyde was 
immediately evolved and 4-nitro-o-toluidine (0°4 g.) was isolated from the reaction mixture by 
ether extraction. A small amount of unchanged anil was also present. 
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(b) The anil (1 g.), dissolved in dry acetone (10 c.c.), was shaken in a closed flask with 
powdered potassium permanganate (10 g.). On filtration and removal of the solvent in an 
exsiccator a nearly colourless solid remained which had no odour of benzaldehyde. Immediately 
on addition of water the solution became yellow and benzaldehyde was formed. On standing, 
yellow crystals (0°56 g.) of 4-nitro-o-toluidine separated. 

m-Nitrobenzylidene-4-nitro-o-toluidine.—Benzylidene-4-nitro-o-toluidine (22 g.) was dissolved 
in sulphuric acid (50 c.c., d 1°8) and nitric acid (50 c.c., d 1-5) was gradually dropped in with 
mechanical stirring at 0°. After } hour the solution was poured into ice-water (1 1.). The 
yellow solid was filtered off, washed, and crystallised from alcohol, then from benzene, forming 
buff plates (13 g.), m. p. 184°. Unchanged benzylidene-4-nitro-o-toluidine (10 g.) was recovered 
from the mother-liquor. 

The same anil was obtained from 4-nitro-o-toluidine (1 g.) and m-nitrobenzaldehyde (1 g.) 
as colourless plates (1°7 g.) from acetone, m. p. 185°, mixed m. p. 184° (Found: N, 14°4.* 
C,,H,,0,N, requires N, 14°7%). This compound, on heating with ammonia (d 0°880) in an 
autoclave at 150°, yielded 4-nitro-o-toluidine. 

o-Nitrobenzylidene-4-nitro-o-toluidine, prepared from the aldehyde (1 g.) and the base (1 g.), 
crystallised from alcohol in faintly coloured flakes (1°7 g.), m. p. 155° (Found: N, 14:3. 
C,,4H,,0,N, requires N, 14°7%). p-Nitrobenzylidene-4-nitro-o-ioluidine was obtained similarly 
in yellow crystals (1°8 g.) from acetone, m. p. 227° (Found: N, 14°45%). 

Furfurylidene-4-nitro-o-toluidine.—Furfuraldehyde (6°4 g.) and 4-nitro-o-toluidine (10 g.) 
yield pale felted needles (14°9 g.) from alcohol—acetone, m. p. 153° (Found: N,11°9. C,H .O;N, 
requires N, 12°2%). This compound tends to darken when its solutions are boiled. 

Chloral-4-nitro-o-toluidine.—Chloral hydrate (4°1 g.) and 4-nitro-o-toluidine (3°8 g.) formed 
bright yellow cubes (7 g.) from acetone, m. p. 105° (Found: N, 10°2. C,H,O,N,Cl, requires 
N, 9°94%). 

Benzylidene-2-nitro-p-toluidine.—Benzaldehyde (7 g.) and 2- -nitro-p- -toluidine (10 g.) formed 
pearly plates (15°7 g.) from acetone, m. p. 77—78° (Found: N, 11°45. C,,H,,0O,N, requires 
N, 11'°7%). Aqueous ammonia (d 0°880) at 100° in an autoclave gave 2-nitro-p-toluidine. 

Benzylidene-2 : 5-dinitro-p-toluidine.—The aldehyde (2°65 g.) and 2: 5-dinitro-p-toluidine 
(4°9 g.) gave pale yellow flakes or hairs (7 g.) from aqueous acetone, m. p. 71—72° (Found: 
N, 14°9. C,,H,,0,N, requires N, 14°7%). 

Furfurylidene-2 : 5-dinitro-p-toluidine.—The aldehyde (2°4 g.) and the base (4°9 g.) yielded 
yellow laminze (6°3 g.), m. p. 208° (Found: N, 14°8. C,,H,O,;N; requires N, 153%). 

Nitration of Chloral-4-nitro-o-toluidine.—Powdered chloral-4-nitro-d-toluidine (9 g.) was 
slowly added to mechanically stirred nitric acid (50 c.c., d 1°5) at 0°. After 1 hour the solution 
was poured into ice-water (1 1.), and the yellow precipitate washed and fractionally crystallised 
from aqueous acetone; unchanged anil (3 g.) was then obtained, and buff-coloured pearly 
plates (5°2 g.), m. p. 170°, which have not yet been identified. 


The author thanks Mr. W. Doran, M.Sc., and his assistant, Mr. Boston, for kindly undertaking 
the microanalysis marked with an asterisk. 


THE UNIVERSITY, LIVERPOOL. [Received, August 8th, 1934.) 





381. Heats of Activation of the Acetone—Iodine Reaction. 


By GILBERT F. SMITH. 


For acid- and base-catalysed reactions very little information is available as to the 
dependence of the activation energy on the catalytic environment, measurements of the 
heats of activation relating to a series of different catalysts having been made only for 
the mutarotation of glucose (Kilpatrick and Kilpatrick, J. Amer. Chem. Soc., 1931, 53, 
3698) and the enolisation of ethyl acetoacetate (Pedersen, J. Physical Chem., 1934, 38, 
601). It was obviously desirable that the observations should be extended to include 
other reactions of this type. 

The reaction investigated was that between acetone and iodine, the heat of activation 
for which when catalysed by strong acids had already been obtained by Rice and Kilpatrick 
(J. Amer. Chem. Soc., 1923, 45, 1401) and by Rice and Lemkin (tbid., p. 1896). The 
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latter workers also showed that, on replacing the strong acid by a weak acid as catalyst, 
the heat of activation of the reaction is diminished, but the numerical results quoted are of 
no great value, since the heats of activation here are composite quantities relating to the 
solution of the weak acid as a whole and not to any specific catalyst present. In the present 
experiments two basic and five acid catalysts have been employed, and from measurements 
of reaction velocity at 0° and 25°, the heat of activation relative to each catalyst has been 
deduced. 

(1) Catalyst : Hydrochloric Acid—The acetone was 0-270M, and the acid was varied 
from 0-008 to 0-04M. The mean values of the ratio V/cyq, at 0° and 25° respectively were 
1-82 x 10 and 4-46 x 10+ (1./g.-mol./min.). Since in a dilute solution of a strong acid 
the observed catalytic effect is due almost entirely to hydrion, any effect due to hydroxyl 
ion or undissociated molecules of acid being negligible, the above values represent the 
catalytic coefficients of the hydrion at the two temperatures, and hence for catalysis by 
this ion the ratio 9;hy/p%, = 24-5, which gives E = 20,680 cals. These values agree closely 
with those obtained by Rice and Kilpatrick (loc. cit.), viz., 24-517 and 20,695 respectively. 

In experiments with other and less efficient catalysts it was necessary to increase the 
concentration of acetone from 0-270 to 0-677M, since otherwise the reaction at 0° was 
inconveniently slow; this does not, however, in any way interfere with the strict compar- 
ability of the results for the various catalysts, for it was found that with hydrochloric 
acid as catalyst the ratio V/Cacetone. and hence the ratio 9,k,/ ,, was quite unaltered. 

(2) Catalyst : 0-1M-Acetic Acid + cM-Sodium Acetate ——In aqueous mixtures of a weak 
acid and its sodium salt, the effective catalysts, besides the hydrion, are the undissociated 
acid molecule and the acid anion, and in order to evaluate the heat of activation corre- 
sponding with each of these catalysts, an obvious procedure would be to determine, by the 
methods already developed (Dawson and Carter, J., 1926, 2282; Dawson and Dean, 1bid., 
p. 2872), the catalytic coefficients k,, and k, at the two temperatures, and thus obtain the 
ratios osk,,/gkm and o5k,/9%,. An alternative method of treatment has, however, been 
preferred, which has the advantage of allowing of the evaluation of the required velocity 
ratios directly, without the necessity for the intermediate step of the determination of 
the catalytic coefficients k,, and k, at either temperature. 

(a) Evaluation of »5k,/9k,. The velocities in mixtures corresponding with the above 
series will, in general, be given by the equation 


V obs. = Vi, + Vat Va = Vy t+ Pmlm + Rely 
and, writing Voy, — Vy = Veorr,, we have for the velocity at ¢°: 
tV corr. = tm + tala 


Considering now any given mixture at 0° and 25°, we have 


25KaCa 25M corr, — 25%inom 

of aCe ¥ oY corr, WG: o’mom 
or putting »5k,/9%, = R,, and similarly for Ry, and 95Veorr./oV core. = Revs.» it follows that 
25M corr. — 25%mCm = Rg o5V corr./Rovs. — Ra 25%mCm/Rm Which reduces to 


1 an =e 1 {wpe — wee (1) 
Robs. R, 25 corr. R, Ra ‘ : ; . : : 


The product o;kmC_ may be regarded as having an identical value for each mixture in the 
serles, since ¢,, is sensibly constant throughout, and the value of »;k,, is quite unaffected 
by the presence of considerable salt, in the case of sodium chloride even up to a concentration 
of 2M (Dawson and Key, J., 1928, 1248). It follows that on plotting 1/R,,,, for the various 
mixtures against the corresponding value of 1/;V gor, a straight line will be obtained, 
the intercept of which on the 1/R axis gives the value of 1/R,. In Table I, equation (1) 
~ riirg to the data for mixtures in which the salt concentration is varied from 0-0085 
0 0-3M. 
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TABLE I. 
0-1M-Acetic acid +- cM-sodium acetate ; acetone, 0-677M. 

D.. .saneeanipadeenadeastienssaeninen 0°300 0°200 0-100 0°0150 0:0100 0-00850 
silths MM cossuaniutabawsete 33-7 23°5 13-45 6°17 6-25 6-40 
SERIE TIDY  icide, aissiiovsacides 0-1 0-15 0-28 1-44 2-08 2-41 
et OS ar eee 33°6 23°35 13°17 4-73 4°17 3°99 
eS ener 1-043 0°742 0°446 0-249 0°260 0°265 
eis Th Ee. staesaresensamieasnna 0°005 0:005 0-011 0-059 0-085 0-098 
di, SE  thnewenenciascnns 1-038 0°737 0°435 0-190 0-175 0°167 
Dials. canustknubdanesssnniiieiate 0:0309 0°0315 0:0330 0°0402 0°0410 0-0418 
a} ere 0°0309 0°0315 0°0331 0°0397 0°0411 0°0416 
eee re ene ee oe On RE 0°300 0°200 0-100 0°0151 0°0102 0°00873 
Bee MGR. scvianuntiencnanes 0°0309 0°0315 0°0331 0°0401 0°0413 0°0418 


In the first row is given the salt concentration, and in rows 2 and 5 respectively the 
observed velocities at 25° and 0°. The values of V;, (rows 3 and 6) are derived from the 
values of k,, and K, appropriate to the salt concentration (Dawson and Key, J., 1928, 1239; 
Dawson and Lowson, J., 1929, 1217). In salt-free solutions, K, has been taken as 1-85 x 
10° and &, at 25° and 0° respectively as 11-15 x 10“ and 0-455 x 10. In the absence 
of any reliable data to the contrary in each case the same value has been assigned to K, 
at 0° and at 25°. Recent work (Harned and Ehlers, J. Amer. Chem. Soc., 1934, 55, 665) 
would indicate that K, is probably slightly smaller at the lower temperature, but the differ- 
ence, if real, would be too small appreciably to affect the present results. The resulting 
values for V...,, (rows 4 and 7) give the values of 1/R,,, recorded in row 8. These, when 
plotted against 1/);V oor, give the straight line 1/R.4.. = 0-02945 + 4:85 x 10°°/,5V cor. 
The numbers calculated by means of this equation are given in row 9. It is clear that 
the equation reproduces closely the variation of 1/R,,4,, with increasing salt concentration. 
The resulting value of R, is 1/0-02945 = 34-0, which gives E = 22,800 cals. for catalysis 
by the acetate ion. 

(b) Evaluation of Ry. On substituting 95V cor, — o5%aCa for o5%mCm in (1) and rearrang- 


ing, one obtains 
a ae {> “a asf 
Rovs. Ru 25V corr. R, Rr 


For salt concentrations up to 0-3M it is justifiable to regard ,;k, as a constant (Dawson and 
Key, Joc. cit.), and hence the plot of 1/R... against ¢,/o5V corr, Will give a straight line, the 
intercept of which on the zero ordinate gives 1/R,,. The relevant data are given in the last 
two lines of Table I. The values of c, allow for the ionisation of the acetic acid in the 
solutions of smaller salt concentrations; and the values in the last row are calculated by 
means of the equation 1/R,,,. = 0-0453 — 1-617 x 10° ¢,/2sV cor. Hence R,, for acetic 
acid is 1/0-0453 = 22-1, which gives E = 20,010 cals. 

(3) Catalyst: 0-1M-Propionic Acid + cM-Sodium Propionate.—The treatment was 
exactly similar to that adopted in the previous case. 

(a) R, for the propionate ion. The data are recorded in Table II, in which the arrange- 
ment is similar to that in Table I. 





(2) 


TABLE II. 
0-1M-Propionic acid + cM-sodium propionate ; acetone, 0-677M. 

O  peccvncccccocoseceseccccsesesoecs 0°300 0°200 0-100 0°0200 0-0150 0:00850 
io es _ ne 44:8 30°8 16-9 6-30 5-90 5°74 
asVn X IO? ....000. Senosseseabes 0-09 0°12 0°23 0°83 1-08 1°81 
pe eet, MP enccmsnstracerevns 44:7 30°7 16°7 5°47 4°82 3-93 
po 1-352 0-946 0°549 0-248 0-240 0-245 
Bs Fe TT. goesverenennaanainges 0-004 0-005 0-009 0-034 0-044 0-074 
eh erm, % BOY ccctsicvecessecscs 1-348 0°941 0°540 0°214 0-196 0°171 
Blahdy. ¥etccsdvevsscasseestensuess 0-0301 0°0307 0°0323 0-0391 0°0407 0°0435 
ey eS eae: 0-0302 0-0307 0-0323 0-0392 0-0405 0-0432 

Ssecccscnsoceosvccesnscessosssess 0°300 0-200 0-100 0-0201 0-0151 0°00866 


Ca 
B pihges, COREG.) ccscesccsseseccins 0-0301 0°0307 0°0323 0°0391 0°0407 0°0435 








ae a a a ees 
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In the calculation of V;, (rows 3 and 6), K, has been taken as 1-38 x 107 in salt-free solution. 
The values of 1/R,,. given in line 9 are calculated by means of the equation 1/Ros. = 
0-0289 + 5-60 x 10°/.;V oor, from which R, for the propionate ion is 1/0-0289 = 34-6, 
which gives E = 22,910 cals. 

(b) R,, for propionic acid. The effect of increasing the salt concentration on the value 
of 1/R op. can be represented by the equation 1/R,,.. = 0-0500 — 2-963 x 107 c,/o5V corr.» 
which gives R,, = 1/0-0500 = 20-0, or E = 19,370 cals. The additional data are at the 
foot of Table II. The numbers given in the last line are calculated by means of the 
equation given above. 

(4) Catalyst : Chloroacetic Acid—Measurements were made in solutions of chloroacetic 
acid of concentrations between 0-01 and0-5M. The only effective catalysts in such solutions 
will be the hydrion and the undissociated acid molecule, any effect due to the acid anion 
being negligible owing to its feeble catalysing power and its small concentration in these 
solutions. Hence the observed velocity is given by Vo. = Vy + Vm = Vn + Cmem 
and comparing the velocities at the two temperatures for solutions of the same concentration 
and writing 95V obs./)V ops. = Rovs. We have, by similar reasoning to that on p. 1745, 


; -z-3*{z-x} grag 44 gull duran age 
Robs. Rm 25 obs. Rn Ry, 
The plot of 1/R,s, against »;V),/2;V ops, Will thus give a straight line, the intercept of which 


on the 1/R axis gives 1/R,,, and which, for 9,Vy/sV ns. = 1(c = 0), gives 1/Rops, = 1/Rh- 
The data are recorded in Table III. 





TABLE III. 
Chloroacetic acid ; acetone, 0-677M. 
2 sieistaaindatasabeenien 0 0°0100 0:0200 0°0500 0°100 0°200 0°500 
a Me Keewsinicnne 3°99 6°30 11°50 18°05 28°9 56°2 
A rn 0°169 0°272 0-502 0°802 1318 2-58 
eg Ree 3-204 4°792 7-970 11°55 16°64 26°73 
esVn X 10° 3°57 5°34 8°89 12°88 18°85 29-80 
25Vn/es Vobe. 0-895 0°848 0°773 0°713 0-642 0-530 






0°0424 0°0432 0°0437 0°0445 0:0456 0:0459 
0°0425 0:0429 0:0437 0°0442 0:0450 0°0460 


ODE, seeerceccccccccsscccs 


1/Robe. (CalC.) .....ee000s 


In the first row is given the concentration of the chloroacetic acid; in rows 2 and 3 respect- 
ively the observed velocities at 25° and 0°, and in row 7 the corresponding values of 1/Rgy,.. 
In the calculation of ¢, (row 4), K, has been taken as 1-51 x 10°, the value given by Dawson, 
Hall, and Key (J., 1928, 2844) for concentrations between 0-005 and 0-5M. The numbers 
given in the last line are those calculated by means of the equation 1/Ry., = 0-0510 — 
0-:009525Vin/25Vcps., Which is seen to reproduce quite closely the change in 1/R,,,, on 
passing through a series of solutions in which the catalytic activity of the hydrion falls 
from 100% to only 53%, of the total catalytic effect. From the equation, R,, = 1/0-0510 = 
19-6, and E = 19,230 cals. 

(5) Catalyst : Dichloroacetic Acid.—A similar procedure to the foregoing was adopted. 
Velocity measurements were made in solutions of concentrations ranging from 0-002 to 
01M. The data are given in Table IV. On the provisional assumption that K, is inde- 
pendent of dilution and has the value 5-0 x 10° (Drucker, Z. physikal. Chem., 1904, 49, 
563), the values of c, given in the fourth row are obtained. The corresponding values of 


TABLE IV. 
Dichloroacetic acid ; acetone, 0-677M. 
© castcsidaseiaaeveetibice 0 0:00200 0:00500 0:0100 0:0200 0:0500 0-100 
a i ME cccenseitcns 2°20 5°55 10°61 20°38 46°7 87°2 
eFa  ceccvddihie 0-091 0-233 0°451 0°879 2-033 3-850 
Oy MMI kena sceindgtiaese 1-925 4°575 8°54 15°30 30°9 50:0 
GaP WR ccc cabbtdicsiss 2°13 5:08 9°48 17°03 34°6 56°25 
on ¥ eld die. «evtceecsduveas 1-00 0-968 0-915 0-889 0°836 0°741 0°645 
WENA Me ducssveuccccuceces 0°0408 0°0414 0-0420 0°0425 0°0431 0°0435 0°0442 
1/Robvs. BOMBED: Saccensasins 0°0410 0°0414 0°0419 0°0421 0°0426 0°0436 0°0445 
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25/b and a re are given in lines 5 and 6. The values of 1/R,,, in the last line 
are derived from the equation 1/R,,, = 0-0508 — 0-00976.5V 4 /o5V obs.- 

_ Although this equation reproduces the experimental data as closely as can be expected, 
this cannot necessarily be taken as evidence for the exactness of this particular value of 
K,, or as a justification for the assumption of a constant K, for these solutions, since the 
calculated value of 1/R,., is relatively insensitive to a moderate alteration in the values 
of ¢, and V,,; but conversely, an appreciable alteration in the values to be assigned to ¢, 
would have little effect on the resulting value of 1/R,,. This is shown to be the case by the 
following data, where alternative values are taken for K, based on the data of Dawson 
and Lowson (/oc. cit.) for the ionisation of dichloroacetic acid in sodium chloride solutions. 

0:00200 0:00500 00100 0:0200 0:0500 0:100 

0-004 0-0075 0°0115 0-018 

5-0 51 5:2 53 

1-925 4°585 8-585 15°48 

2°13 5-09 9°53 17°22 

0-968 0-922 0°898 0°845 

0°0414 0°0420 0°0425 0°0431 "0435 

0:0413 00418 0-0421 0:0426 0435 0:0444 
In the second line is given the ionic strength of the solutions derived from the approximate 
¢, Of the solutions and the concentration of potassium iodide. The values of K, (row 3) 
have been deduced on the assumption that K, will be identical in the solution of ionic 
strength » and in a sodium chloride solution of the same ionic strength. The values of 
1/Rops. given in the last line are obtained by means of the equation 1/R,p., = 0-0515 — 
0-0105.5V,/25Vons.. Both equations reproduce the experimental results almost equally 
well, although the former, perhaps, leads to rather smaller deviations. Both lead to very 
similar values for 1/R,,, to which, therefore, the value 0-051 may be assigned with some 
confidence. Hence R,, = 19-6, and E = 19,230 cals. 


Discussion of Results. 


As has recently been pointed out (Williams and Hinshelwood, this vol., p. 1079), the 
velocity of a bimolecular reaction in solution can be expressed by an equation of the form 


hu Pig’. . Se ee 


where Z is the collision frequency and P a probability factor. In a series of very similar 
bimolecular reactions, as in the present case, Z cannot differ appreciably for the various 
catalysed reactions, and hence any difference in the value of k must be associated with a 
difference either in E or in P, or in both simultaneously. Which of these three possibilities 
actually obtains can be seen from a comparison of the values of k and E. The relevant 
data are given in Table V. The catalytic coefficients given in col. 3 are, with one exception, 
obtained from the values recorded by Dawson, but have been converted from mins." 
and 0-270M-acetone into secs. and 1M-acetone. No value for the propionate ion was 
available, and hence the catalytic coefficient was evaluated from the data given in Table II, 
by the usual method (Dawson and Carter, Joc. cit.). The resulting value for k, is 3-5 x 10°, 
which is roughly comparable with the values for the other catalysts. On the assumption 
that the numbers given in col. 2 represent the true heats of activation, the values of P 
given in col. 4 have been calculated by means of equation (4), Z being taken as 2-8 x 10" 
(Moelwyn-Hughes, ‘“‘ The Kinetics of Reactions in Solution,” 1933, p. 247); its exact 
value is not of great importance in the present instance, since it is the relative values 
of P, rather than the absolute values, which are of interest. 


TABLE V. 


Catalyst. E. gt. 10. 8 8=6P. 104. K, . 10+. PIV Ks. 

1500 555,000 0°021 

Dichloroacetic acid 4 500 0°025 

Chloroacetic acid ° 15°1 0°016 

Acetic acid y . ° 0°185 0°033 

Propionic acid i . 0-138 0-011 

Propionate ion 

Acetate ion 
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Discussion in the first instance may be limited to acid catalysis. Here the most note- 
worthy feature is that while the heats of activation do not differ very markedly there 
are very pronounced variations in the values of P; e.g., when hydrion is the catalyst, 1 in 
6 or 7 collisions between activated molecules is effective, but with chloroacetic acid only 1 
in about 1600, and with propionic acid only 1 in about 27,000 is effective. For the series 
of acids the values of P run parallel with the values of &, and the variations in the latter 
are Clearly determined chiefly by the alteration in P, and to a much less extent by the changes 
in E. 

It is apparent that there is a remarkably close relation between the value of P and the 
acidic strength of the catalyst. In col. 5 are given the acid dissociation constants, which 
range from 55-5 for hydrion (Bronsted, J. Physical Chem., 1926, 30, 776) to 1-38 x 10° for 
propionic acid. Further, it is found that P is closely proportional to /K,, as shown in 
col. 6, the extreme values of the ratio P/+/ K, differing by a factor of only 3 as compared 
with one of 10% in the ratio P/K, and one of 4 x 10° in the values of K,. It thus follows 
that the order of magnitude of P can be defined by the relation P = const. x K,", 
where the constant is approximately 0-02 and = 0-5. Taking this relation in conjunction 
with (4), one obtains k = const. K,".Z.e~*'"", The significant feature of this relation is 
that it implies that in a collision involving molecules of catalyst and reactant in which the 
necessary energy conditions are satisfied, the probability that chemical action will occur 
is limited almost exclusively by a factor which is expressible as a simple function of the 
dissociation constant of the acid catalyst. 

In an attempt to interpret the physical significance of this factor, it may be suggested 
that the acid catalyst facilitates the reaction, which consists essentially in a prototropic 
change, by itself undergoing ionisation (compare Lowry, J., 1927, 2554). On this view, 
the probability that a collision between the activated molecules will be effective is limited 
by the probability of the simultaneous ionisation of the catalyst molecule. The latter 
probability will presumably increase with increasing acidic strength of the catalyst, and 
it is not unreasonable to suppose that it will be measured by an expression of the above 
type. 
In the results for basic catalysts, the predominant feature is the much higher heat of 
activation than that for acid catalysis, the difference being 2000—3500 cals. It is unlikely 
that, in itself, the mere substitution of a basic for an acid catalyst would account for this 
difference, since in the mutarotation of glucose (Kilpatrick and Kilpatrick, Joc. cit.) the 
heat of activation for acetate ion catalysis (19,100 cals.) is almost identical with that for 
hydrion catalysis (19,300 cals.); it is more probable that the difference represents the 
difference in energy associated with the acetone molecule in the two types of catalysis. 

For both the basic catalysts, P is larger than for any of the acid catalysts with the 
exception of the hydrion. This is not unintelligible if, as is likely, basic is analogous 
to acid catalysis in that the value of P is largely determined by the basic strength of the 
catalyst ; for the propionate ion and the acetate ion are both strong bases, and hence 
values of P of the order of magnitude observed might reasonably be anticipated. 


EXPERIMENTAL. 


Kinetic Measurements.—The procedure followed that previously developed in this laboratory 
for the determination of the initial velocity of reaction. 

Purification of Materials —The acetic and propionic acids were distilled from chromic 
anhydride and were then stable to iodine during the period of the experiments. Chloroacetic 
acid was distilled under reduced pressure, m. p. ca. 61°; and was then repeatedly fractionally 
frozen until the f. p. was constant at 62°4°. Mixtures of the acid and its sodium salt were 
quite stable to iodine. 

Dichloroacetic acid as purchased had m. p. ca. 10°5° (Kendall, J. Amer. Chem. Soc., 1914, 36, 
1230, gives — 4°1° and 9°7°) but was obviously not pure. It was subjected to 15 fractional 
freezings and then had m. p. 13°50°, unaltered by additional freezings. As no special pre- 
cautions were taken to exclude atmospheric moisture during the operations, the true value may 
be higher. 

5Y 














1750 Russell, Kennedy, and Lawrence : 


SUMMARY. 


1. The heats of activation of the acetone-iodine reaction with five acid and two basic 
catalysts have been evaluated from velocity measurements at 25° and 0°. 

2. It is shown that for acid catalysis the factor P in the equation k = P.Z.e~*/®7 is 
functionally related to the acid strength of the catalyst by an expression of the form 
P = const. K,". 

3. It is suggested that this result is intelligible on the assumption that an essential 
condition for a fruitful collision between catalyst and reactant molecule is the simultaneous 
ionisation of the catalyst molecule. 


The author thanks Professor H. M. Dawson, F.R.S., for his interest in this work and his 
valuable criticisms and suggestions. 


THE UNIVERsITY, LEEDs. (Received, September 21st, 1934.] 








382. Intermetallic Compounds formed in Mercury. Part V. Com- 
pounds in the Zn—Mn, Zn—Co, Zn—Ni, Al-Fe, Sn—Mn, and Sn-Co 
Systems. 

By ALEXANDER S. RussELL, T. R. KENNEDY, and R. P. LAWRENCE. 


THE compounds of tin cr zinc with copper or iron, prepared by the usual processes in 
metallurgy, and investigated by X-ray or thermal methods, are, on the whole, richer in 
tin or zinc than those formed in mercury at the ordinary temperature; e.g., Sn,Fe, SnFe, 
and SnFe, have been found by X-ray or thermal methods (Edwards and Preece, J. Iron 
Steel Inst., 1931, 124, 41; Ehret and Westgren, J. Amer. Chem. Soc., 1933, 55, 1339; 
Wever and Reinecken, Z. anorg. Chem., 1926, 151, 349); but SnFe,, SnFe,, and SnFe; are 
formed in mercury (Russell, Kennedy, Howitt, and Lyons, J., 1932, 2340); the other 
three types of compound (Sn—Cu, Zn—Cu, and Zn-Fe) show similar differences. In three 
of these four systems, there are four compounds common to both methods of investigation 
(viz., SnFe,, Sn;Cu,g, SnCu, ZnCu). 

It is important to get as much evidence as possible as to whether or not the compounds 
which are formed so readily in mercury at the ordinary temperature, and are capable of 
being analysed so simply im situ, have the same empirical formule as those prepared at high 
temperatures and investigated by X-ray and thermal methods. To this end were sought 
systems in which tin-rich, aluminium-rich, and zinc-rich compounds in mercury were 
stable and, further, in which mercury itself would not complicate comparisons by com- 
bining to form ternary compounds. In the Sn—Cu, Zn-Cu, and Cd-—Cu systems, which 
have been extensively investigated in mercury, ternaries including mercury form more 
readily than do binaries, and, on the whole, are stabler. These systems, therefore, are 
not suitable for the purpose in hand although they are interesting because of the large 
number of ternary compounds they contain. 

The systems mentioned in the title have been found suitable at the ordinary temper- 
ature, the following being unsuitable: Cd-Fe, Cd-Mn, Cd-Co, Cd-Ni, Pb-Cu, Pb-Fe, 
Bi-Cu, Bi-Fe, Tl-Cu, and Tl-Fe, because no binary appeared to be formed; and Al-Cu, 
because only ternary compounds were formed with mercury. 

The methods of preparation and analysis were in principle those already described 
(Russell e¢ alit,. J., 1932, 841, 852, 857). A compound of zinc, aluminium, or tin with 
manganese, cobalt, nickel, or iron was first made as rich as possible in the former metal. 
This was then decumposed with the formation of uncombined zinc, aluminium, or tin and 
a new compound richer in the second class of metal. After analysis, this was further 
decomposed until another compound was formed and it was analysed; the process was 
repeated until no further change in the composition of the binary compound could be 
brought about. Only in the Al-Fe system did mercury combine with the binary com- 
pound at any stage. 
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In Table I are given for comparison the approximate, empirical formule of the zinc 
compounds found in mercury and of those found by X-ray or thermal methods. 


TABLE I. 
Hg. X-Ray. Hg. X-Ray. Hg. 
Zn,Mn 
Zn,Mn Zn,,Co; Zn,.,Co Znq, Nis Zng.,Ni 
Zn,Mn Zn,Co Zn;Ni ZnsNi 
ZnNi ZnNi 


The formule of compounds obtained by the mercury method are, as has been stated, 
approximate only; the suffix 4:2 does not differentiate between a ratio of 21 : 5 and say 
25:6 or 17:4. The X-ray work on the Zn—Mn system was done by Parravano and 
Montoro (Mem. R. Accad. Italia Sci. Fis. Mat. Nat., 1930, 1, Chim., No. 4), on the Zn—Co 
system by Ekman (Z. physikal. Chem., 1931, B, 12, 57), and on the Zn-Ni system by 
Ekman (loc. cit.), Tamaru (Bull. Inst. Phys. Chem. Res. Tokyo, 1932, 11, 90), Tafel (Metal- 
lurgie, 1907, 4, 781; 1908, 5, 413), and Vigouroux and Bourbon (Bull. Soc. chim., 1911, 
9, 873). 

In Table II the formule of the three compounds found by the mercury method in the 
Al-Fe system are compared with all those known from X-ray and thermal work (Bradley 
and Jay, J. Iron Steel Inst., 1932, 125, 339; Proc. Roy. Soc., 1932, A, 186, 210; Osawa, 
Sci. Rep. Tohoku, 1933, 22, 803) and with those of three compounds of the Al-Cu system 
(see Trans. Faraday Soc., 1929, 25, 367). 


TABLE II. 
X-Ray. Hg. X-Ray. 
Al,Fe, Al,;Fe,, Al,Fe 
AlFe AlFe, Al,Fe, AlCu, Al,Cu, 
AlFe, AlFe, AlCus 


Table III similarly gives the approximate empirical formule of compounds of the 
Sn-Mn and the Sn-Co system, found by the various methods, and also those of the Sn—Fe 
system to which reference has been made above. 


TABLE III. 


General formula. Thermal. Hg. Thermal. Hg. X-Ray. Hg. 
Sn,;Mn 
Sn,Mn Sn,Co Sn,Fe 
SnMn SnCo SnFe 
SnMn, SnCo, SnCo, SnFe, SnFe, 
SnFe, 


SnFe, 


No X-ray work has yet been done on the first two systems. The thermal work on 
the Sn—Mn system was done by Williams (Z. anorg. Chem., 1907, 55, 24), that on the 
Sn-Co system by Schemtschuschny and Belynsky (bid., 1908, 59, 364) and by Lewkonja 
(ibid., p. 293). 

EXPERIMENTAL, 


Compounds of Tin and Manganese.—0°5 G. of manganese was obtained electrolytically in 
250 g. of mercury, in which 8 g. of tin had earlier been completely dissolved, by the method of 
Russell, Evans, and Rowell (J., 1926, 1872). After 24 hours, oxidation with permanganate in 
acid solution of the amalgam revealed tin only, showing that there was no free manganese 
(which is more reactive than free tin) and that any compounds formed between tin and 
manganese were less reactive than tin itself. The oxidation of the amalgam was continued 
with ferric sulphate in acid solution until manganese ions were detected in the ferrous sulphate. 
At this stage the atomic proportion of tin to manganese was calculated to be approximately 3. 
The amalgam was then treated with successive quantities of 30 c.c. of N/10-permanganate in 
sulphuric acid and the total manganese determined volumetrically by the sodium bismuthate 
method, until this content was found constant (Found : 40°7—41:0 c.c. N/10-KMnO,. Sn,Mn 
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oxidised to Sn'¥ and Mn™ requires 40°7 c.c.). The tin was now determined by oxidising the 
amalgam with 50 c.c. of N/10-permanganate and weighing the purified stannic oxide thereby 
obtained (Found: 0°163 g. Sn,;Mn requires SnO,, 0°1615 g.). The absence of mercury from 
the compound was proved both by qualitative tests and by the agreement of the manganese 
and tin determinations in fixing the empirical formula of the compound as Sn,Mn. After 
these determinations had been confirmed the amalgam was heated at 100° for an hour and 
re-examined. It was found to have decomposed into free tin and a compound richer in man- 
ganese. The free tin was removed and the compound was examined as before (Found: 44:8, 
45°1 c.c. N/10-KMnO,. Sn,Mn requires 45°0 c.c. Found: 0°153 g. SnO,. Sn,Mn requires 
0°1507 g.). 

The amalgam containing Sn,Mn, after having been heated for 2 hours and then kept for 
24 hours, was found to have decomposed into free tin and a compound of empirical formula 
SnMn. By the addition of tin to different concentrations of manganese in mercury, and by 
electrolysing different amounts of manganese into tin amalgams of fixed concentration it was 
possible to get a fourth compound SnMn, and to confirm the formule of the other three com- 
pounds. In amalgams containing approximately 3% or more of tin and manganese, free tin 
was obtained when a compound was decomposed by heat. In much weaker amalgams, con- 
taining approximately 0°5% or less of tin and manganese, free manganese was obtained when 
decomposition occurred. The series of decompositions which have led to the finding of these tin- 
manganese compounds is similar to those occurring in the Zn—Cu and Sn—Cu systems. The 
four Sn—Mn compounds found are insoluble in mercury. They are definitely less reactive 
towards oxidising agents than tin, and, a fortiori, than manganese. Each reduces U™ to U", 
VY to V™, and, slowly, Cu™ to metal in sulphuric acid solution. 

Compounds of Zinc and Manganese.—This system behaves very similarly to that just 
described and was investigated by similar methods. In analytical work manganese only was 
determined by the volumetric method; zinc was not determined. Mercury was not a con- 
stituent of the three compounds (see Table I). 

Compounds of Zinc and Cobalt.—2 G. of cobalt were obtained electrolytically in 250 g. of a 
2°5% zinc amalgam from cobalt sulphate in sulphuric acid solution. After it had stood for 
several days, zinc free from cobalt was found to be oxidised by acidified permanganate. This 
excess of uncombined zinc was then removed by reacting with acid in presence of tungsten as 
catalyst (Russell and Rowell, J., 1926, 1881). Oxidation was then continued with perman- 
ganate until cobalt ions were detectable in the liquid. At this stage the amalgam was oxidised 
by successive quantities of 30 c.c. of N/10-permanganate in sulphuric acid solution. No 
mercury was oxidised. The cobalt in the liquid was determined without separation of zinc or 
manganese ions as Co,O, after precipitation by a-nitroso-8-naphthol; the zinc was separated 
from cobalt and manganese and determined in neutral solution as phosphate. The results 
gave an atomic ratio Zn/Co = 4:1—4°3, so this compound is probably the Zn,,Co, found by 
Ekman (loc. cit.). It was insoluble in mercury and reduced VY to V™, U¥! to UY quickly, and 
Cu! to copper without difficulty. On being heated for 4 hour on the water-bath with 8N- 
sulphuric acid, zinc was liberated, as shown by the marked evolution of hydrogen. When the 
evolution had ceased, the amalgam was again quantitatively oxidised by successive quantities 
of 30 c.c. of N/10-permanganate. Again mercury was absent. Cobalt and zinc were deter- 
mined as before. The results agreed in fixing the empirical formula of the compound as 
Zn,Co. This compound was remarkably stable and did not further decompose when heated 
at 100°. It was quite insoluble in mercury; it reduced UY! to U’, but VY only to V™, and 
Cu™ to copper very slowly, in sulphuric acid solution. 

Repetition of the process which had given Zn,.,Co with different quantities of zinc and 
cobalt gave Zn,Co oftener than Zn,.,Co. With the former compound, decomposition at 100° 
afforded the latter. When the order of adding zinc and cobalt to mercury was reversed, the 
only compound obtained with certainty had the empirical formula ZnCo,. To 400 g. of a 
0°5% amalgam of cobalt were added 10 g. of zinc, and the whole left for 7 hours. Tungsten 
was then deposited on the amalgam, and the whole heated at 100° for an hour with 4N-sulphuric 
acid to remove the excess of zinc. Oxidation of the amalgam by 25 c.c. of N/10-permanganate 
then gave 0°0795 g. of Co,O, (Calc. for ZnCo,: 0°0803 g.). 

Compounds of Zinc and Nickel_—The procedure here was very similar to that with cobalt. 
Nickel was determined with dimethylglyoxime. The compound obtained after the removal 
of excess of zinc gave an atomic ratio Zn/Ni = 4°1—4°3. It had very similar reducing 


properties to the corresponding compound of zinc and cobalt, and decomposed to a compound 
of approximate empirical formula Zn,Ni. This, however, further decomposed on prolonged 
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treatment with 4N-sulphuric acid at 100° to uncombined zinc and ZnNi which was stable. 
No further compounds were obtained by altering the proportions of zinc and nickel, or the 
order in which they were brought together in mercury. In none of them was mercury present 
as a constituent. 

Compounds of Aluminium and Iron.—Attempts to form Al-Fe compounds in mercury by 
the addition of aluminium to iron amalgams at ordinary temperature were unsuccessful. The 
surface of the amalgam always became oxidised and hot; sometimes there was a pyrophoric 
effect. When the action subsided, the whole of the iron had been removed from the mercury. 
As iron amalgams of the concentrations employed (0°5—3%) do not show these oxidation 
effects characteristic of aluminium amalgams, it would seem that when aluminium was added 
to the iron amalgam combination with iron ensued and the resulting complex was sufficiently 
reactive to be oxidised immediately in the air. If this is the explanation of the effect it is 
unlikely that the aluminium-rich (and, therefore, probably highly reactive) compounds which 
have been reported (Table II) will be obtained by the mercury method. A simple method of 
obtaining iron-rich compounds consisted in adding aluminium foil to amalgams containing 
either Zn—Fe or Sn—Fe compounds. In the first case aluminium was found completely to 
displace the zinc, and in the second case the tin. To a 3% amalgam of iron in 250 g. of 
mercury were added 8 g. of zinc. After 24 hours, the excess of zinc was removed by the 
tungsten method. To the Zn—Fe compound was then added aluminium foil and a little 
2N-sulphuric acid, and the whole was heated at 50°. Qualitative tests showed that zinc was 
being rapidly removed from the amalgam. After an hour the excess of aluminium was 
removed by acid, and the compound in the amalgam examined by the usual method. It 
contained aluminium and iron but no zinc or mercury. Excess of aluminium was added to 
this, and the amalgam set aside for a day. Then the free aluminium was removed with acid, 
and the compound examined. Aluminium was determined gravimetrically as oxide, and iron 
volumetrically by reduction to ferrous iron with zinc amalgam and titration with N/10-per- 
manganate. The results agreed in settling the empirical formula of the compound as AlFe. 
This lost aluminium when heated with sulphuric acid at 100° for a short time. The new 
compound was analysed for aluminium and iron as before, and found to have the approximate 
formula Al,Fe,. On standing for several days this compound became AlFe;, which did not 
further decompose. On the addition of aluminium to this last compound Al,Fe, was more 
often obtained than AlFe. With AlFe,, though not with the other compounds, there was a 
tendency in dilute amalgams to combine with mercury: in one experiment a compound of 
approximate empirical formula Al,Fe,Hg, was obtained. Aluminium and iron were deter- 
mined as described above, and mercury by the volumetric thiocyanate method with ferric iron 
as indicator. 


DISCUSSION OF RESULTS. 


It is seen that the transition elements iron, cobalt, and nickel and the pre-transition 
element manganese differ sharply from copper in that they form compounds with zinc, 
aluminium, and tin in mercury without the last being present as constituent. Binary 
compounds of iron, cobalt, nickel, or manganese with zinc, aluminium, or tin are therefore 
suitable for the purpose of comparing the empirical formule obtained by the usual 
processes of metallurgy and by the mercury method. ' 

It is clear from Tables I, II, and III that in these different systems there is good 
agreement over the range of formule and in some cases exact agreement of empirical 
formule. Where, as in the Al-Fe system, compounds obtained by X-ray or thermal 
methods have not been found by the mercury method, there are good reasons for their 
non-occurrence, indicated partly in the present work and partly, by analogy, in work on 
previous systems. Where compounds obtained by the mercury system are new, they 
have formule which seem reasonable on other grounds. For instance, iron was shown by 
Russell and Lyons (J., 1932, 857) to be equivalent to copper in zinc and tin compounds 
when atoms of iron or copper are in excess in the molecule. It is reasonable, therefore, 
to expect that Al,Fe, corresponds with Al,Cuy, with 21 valency electrons to 13 atoms, 
identified by Bradley and Thewlis (Phil. Mag., 1928, 6, 878; Proc. Roy. Soc., 1926, A, 
112, 678). The tables show also that manganese, iron, and cobalt are equivalent when 
united in excess with tin, and that manganese, cobalt, and nickel are equivalent when 
united in excess with zinc. Now Ekman (loc. cit.) has shown that the nine transition 
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metals are equivalent when united with excess of zinc atoms in compounds of the type 
Zng;Fe;. It would appear from Table I that manganese also belongs to this class. It 
seems then that in binary compounds between tin, aluminium, or zinc and manganese, 
iron, cobalt, or nickel, the last four are equivalent whether or not they are in excess in 
the molecule of the intermetallic compound. The reason for distinguishing between excess 
of atoms of a transition metal in a molecule and excess of atoms of zinc, aluminium, or 
tin, is that when the former are not in excess they do not appear to contribute any valency 
electrons to the system of electrons in the molecule. In the other case, however, as the 
results now show, not only are the transition metals and manganese equivalent, but each 
contributes one electron per atom to the system. This is a new generalisation. It is 
part of an extension of the criterion of an intermetallic compound first laid down by 
Hume-Rothery (J. Inst. Metals, 1926, 35, 295), involving fixed ratios between valency 
electrons and number of atoms in the molecule and the assignment of different valency 
electrons in different circumstances to transition and pre-transition metals. This subject 
has been discussed by Russell (Nature, 1934, 133, 217). 

Despite the fact that compounds formed in mercury cannot at present be investigated 
by the X-ray method, there is satisfactory evidence of a chemical nature that they are 
the same kind of compound as those investigated and substantiated by workers with the 
X-ray and other physical methods. As there is no reason to believe that the ternary and 
quaternary compounds (Russell, Joc. cit.) formed in mercury differ in kind from the binary 
compounds, the mercury method promises to be useful in investigations in fields where 
physical methods are at present inapplicable. 


SUMMARY. 


Intermetallic compounds Zn,Mn, Zn,Mn, Zn,Mn, Zn,y..Co, Zn,Co, ZnCo,y, Zn,.,Ni, 
Zn,Ni, ZnNi, AlFe, Al,Fe,, AlFes, SngMn, Sn,Mn, SnMn, SnMng, Sn,Co, and SnCo, have 
been found by the mercury method and analysed without their removal from the mercury. 
The formule in italics represent new compounds. The agreement of these empirical 
formule with those obtained by thermal and X-ray methods in the six systems is satis- 
factory. It is concluded that the compounds investigated by the mercury method are 
the same as those investigated and characterised by workers with physical methods. 


CHRIST CHURCH, OXFORD. [Received, September 26th, 1934.] 





383. Catalysis of an Interface Reaction by Adsorbed Molecules. 
By Bryan TopLey and MERvyN L. SMITH. 


THE rate of the reaction CuSO,,5H,O = CuSO,,H,O + 4H,0 is increased by the presence 
in the reaction interface of adsorbed hydrogen chloride molecules. This is established by 
comparing the rates at which a given crystal of the pentahydrate loses water molecules 
into a stream of hydrogen, (a) alone, and (b) carrying a small partial pressure of hydrogen 
chloride : hydrogen alone has no catalytic effect upon the dissociation (Smith and Topley, 
Proc. Roy. Soc., 1931, A, 184, 224). 

The results recorded below were obtained by means of the apparatus previously 
described (loc. cit.). Pressures are in mm. Hg, reaction rates in mg. H,O/sq. cm./min., 
at 22°25°. 

Pus: Pu.o- Puc. Rate. Pus: Pu,o- Pua. Rate. 


Crystal {ri 000313 0 o-o22 Crystal J3.99 9.00307 0 0-021 
149 00131 00562 0-15 - (292 00211 00554 O11 


The partial pressures of water vapour are those set up in the stationary state by the 
dissociating crystal itself, except that in the second part of the B experiment extra water 
vapour amounting to 00099 mm. was added to the gas stream along with the hydrogen 
chloride, making the total of 0°0211. 
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Analysis of the partly decomposed crystals after the rate measurements in hydrogen 
chloride showed that this gas is adsorbed, but after $ hour’s heating at 100° no chloride 
remained in the solid. The sulphate is therefore not converted into chloride under the 
experimental conditions. 

The absolute rates in the first part of each experiment (7.¢e., without hydrogen chloride) 
agree well with those previously determined. The increase under the catalytic action of 
the gas is 7-fold in the first experiment and 5-fold in the second, where more water vapour 
was also present. Thus in the presence of the same partial pressure of hydrogen chloride, 
the increase from 0-0131 to 0°0211 in partial pressure of water vapour decreased the rate 
by a factor of nearly 1°5; this is close to the analogous factor found in the absence of the 
catalyst (see Phil. Mag., 1932, 14, 1080). 

The strong catalytic influence of the hydrogen chloride was qualitatively confirmed 
by further experiments in which it was also found that larger pressures have a somewhat 
greater influence. When the hydrogen chloride is introduced into the hydrogen stream, 
the reaction rate does not immediately adjust itself to the new value, but rises slowly over 
an interval of about an hour up to a maximum. It may be that this effect is caused by 
slow adsorption of hydrogen chloride on the amorphous solid product; no correction has 
been applied for the weight thus adsorbed, so the recorded rates of the catalysed reaction 
are minimum values. 

If, as seems most likely, the ‘‘ autocatalytic ’”’ phenomenon in salt hydrate dissociations 
is to be attributed to the lowering of the activation energy of the rate-controlling stage 
(see Proc. Roy. Soc., 1932, A, 136, 413) by the action of the attraction across the reaction 
zone of water molecules by the ions of the lower hydrate phase, then the possibility suggests 
itself that very polar molecules present in the reaction zone as the result of adsorption from 
the gas phase might act in a similar way. We already know a case in which a salt hydrate 
decomposition (MnC,0,,2H,O = MnC,0, + 2H,O) is strongly catalysed by adsorbed 
water molecules (Topley and Smith, Nature, 1931, 128, 302). We have therefore examined 
the effect of small partial pressures of sulphur dioxide, ammonia, and methyl alcohol. The 
first made no observable difference to the reaction rate when added at a pressure of 0°4 mm. ; 
the second at 0°36 mm. reduced the rate by 40%, and the last at 0°1 mm. reduced it by 20%. 
On the basis of dipole moment only, the molecules of these three substances and of hydrogen 
chloride and water are similar. It is evident that the catalysis is a phenomenon showing 
specificity with respect both to the particular salt hydrate and to the adsorbed substance. 


Str WILLIAM RAMSAY LABORATORY OF INORGANIC AND PHYSICAL CHEMISTRY, 
UNIVERSITY COLLEGE, Lonpon, W.C. 1. [Received, October 2nd, 1934.] 





384. Even and Odd Co-ordination Numbers. 
By R. C. MENZIEs. 


It is a commonplace that an important condition for the stability of any molecule is the 
attainment by the constituent atoms of effective atomic numbers (E.A.N.) (calculated by 
Sidgwick’s rules, ‘‘ Electronic Theory of Valency,” pp. 163—164) equal to those of the 
inert gases. In particular, the stability of the grouping of 86 electrons (radon) appeared to 
explain the two-fold molecular weight in benzene of trimethylplatinum acetylacetone 
re 1928, 565) and of the ethyl acetoacetate and the dipropionylmethane derivative (J., 
933, 21). 

This idea was strengthened by the stability of the lead tetra-alkyls (E.A.N. again 86) 
and of the dialkylthallium chelate derivatives of 8-diketones (J., 1928, 1288). Again, the 
four-fold and two-fold molecular weight of thallous ethoxide and of thallous ethyl aceto- 
acetate respectively in benzene are both explained by Sidgwick and Sutton (J., 1930, 1471) 
as due to the completion of octets by the gain of 5 electrons, one from each covalency and 
two from each co-ordinate link, making the atomic number of the metal, 81, up to 86. 

The determination of the molecular weights of a number of dialkylthallium chelate 
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compounds (Wiltshire and Menzies, J., 1932, 2734) was therefore undertaken in the expecta- 
tion that all these compounds would prove unimolecular in benzene, in conformity with the 
above conclusions; that they were actually found to be associated (loc. cit., p. 2737) was 
surprising. The possibility that the E.A.N. of the thallium had exceeded 86 led to the 
observation that many related compounds exist in which the metallic atom does not have 
an E.A.N. of 86 but of 82, 84, and 88, and the generalisation that these other groups can 
also result in stable compounds when the central atom possesses an even covalency was 
suggested by the easy preparation of the acetylacetonates of trimethylplatinum (loc. cit.), 
diethylgold (Gibson and Simonsen, J., 1930, 2531), and dialkylthallium, in all of which the 
stable co-ordination number is probably even, and by the failure to obtain acetylacetone 
derivatives of methylmercury and triethyl-lead, the formulz of which require co-ordination 
numbers of 3 and 5 respectively (Menzies and Overton, J., 1933, 1290). In this paper 
additional evidence for the above generalisation is summarised (cf. Berry and Lowry, J., 
1928, 1764). 

Substances possessing an E.A.N. of 82 are comparatively stable when the co-ordination 
number is 2; ¢.g., the mercury dialkyls and diaryls, and the univalent dialkylthallium 
ions, the hydroxides of which are much stronger bases than those of methylmercury or 
triethyl-lead. The last two ions both require an odd covalency for the metallic atom, and 
the hydroxides appear to ionise with difficulty (Hein and Meininger, Z. anorg. Chem., 1925, 
145, 95). 

Undissociated diethylgold and auric bromides both require in the unassociated formula 
an E.A.N. of 82 for the metal, with an odd covalency. Gibson and Simonsen (loc. cit.) 
have shown that the former is bimolecular in benzene, and the prediction (Gibson and 
Colles, J., 1931, 2409) that the latter would also be bimolecular in this solvent has now been 
verified (Burawoy and Gibson, this vol., p. 862, footnote). 

The bimolecular formula in both cases requires an E.A.N. of 84 for the metal and a 
covalency of 4, both the same as required for gold in chloroauric acid and its salts. 
Although these compounds are comparatively stable, the much greater solubility of the 
aurichlorides than of the platinichlorides (E.A.N. 86, co-ordination number 6) is an 
indication that the gold is co-ordinately unsaturated. 

The hypothetical monoethylthallium would also have in its co-ordinated form an E.A.N. 
of 82, with a co-ordination number of unity. It has been shown by Menzies and Cope 
(J., 1932, 2864) that, under conditions where its formation might be expected, triethyl- 
thallium and metallic thallium are obtained instead. Both the stable diethylthallium ion 
and the above ethylthallium have the same E.A.N.; hence the difference in stability is 
apparently connected with the even and odd co-ordination numbers of 2 and 1. 

Compounds with the E.A.N. of 84 are very unstable, with odd covalencies. They include 
the violently reactive triethylthallium (Groll, J. Amer. Chem. Soc., 1930, 52, 2999) and the 
monomeric undissociated dialkylthallium halides, which have been shown to be polymerised 
in the few cases in which their solubility in benzene permits of their molecular- weight 
determination (Krause and Dittmar, Ber., 1930, 63, 1956). 

The simple formula for trimethylplatinum acetylacetone also requires an effective atomic 
number of 84 with a covalency of 5. Polymerisation into double molecules raises this to 
86 and 6 respectively. Osmium tetroxide, however, which on the formula Os(= 0), 
requires an E.A.N. of 84 for the metal, shows no tendency to polymerise either as vapour 
(Deville and Debray, Ann. Chim. Phys., 1859, 56, 403) or, as shown below, in benzene 
solution. 

The stable lead tetra-alkyls have also E.A.N. of 86 and co-ordination numbers of 4, as 
have the dialkylthallium derivatives of 8-diketones in the non-polymerised state, but the 
latter, as already pointed out, have a tendency to polymerise, suggesting that the E.A.N. 
may increase above 86, although this increase is unstable. Stability thus appears to depend 
both on the E.A.N. and on the co-ordination number, being greatest when the former is 86 
and the latter is even. 

Triethyl-lead acetylacetone (I) requires a co-ordination number of 5 and an E.A.N. of 
88, and thus fulfils neither of the above conditions, and an attempt to prepare it failed. 
On the other hand, the diacetylacetone of bivalent lead (II) requires 4 and 88 respectively, 
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so the latter condition is fulfilled but not theformer ; its preparation (see below) is therefore of 
interest as new evidence that the stability of co-ordinate compounds depends on both these 


factors. 
CMe—O CMe—O. | O0=CMe CMe—O 
Hc? DPbEt, HCC DPE cH He \Pb-OH 
CMe=0 CMe=07 ‘O—CMe CMe=0 
(I.) (II.) (III.) 


Combes (Compt. rend., 1887, 105, 871) mentions a water-soluble lead acetylacetone, but 
gives no analyses, whilst Gach'(Monatsh., 1900, 21, 114) refers to a basic lead acetylacetonate, 
insoluble in water, described by Fette (‘‘ Beitrage zur Kenntnis der 1-3 Diketonen,” 
Diss., Miinchen, 1894) : the thesis gives good analyses for the composition Pb(OH)(C,H,0,), 
but no other details. If the chelate form for the acetylacetone radical be assumed (III), 
the formula requires an E.A.N. of 86 for the lead and a covalency of 3, so in this case the 
former condition of stability is fulfilled but not the latter: in this compound the great 
stability of the 86 grouping apparently counteracts the instability of the odd covalency. 
No description of lead diacetylacetone could be found in the literature, but the above con- 
siderations suggested that its preparation should be possible. 


EXPERIMENTAL. 


Preparation of Lead Diacetylacetone.—22 G. of lead oxide were added to 20 g. of acetyl- 
acetone; the mixture became warm and much of the oxide caked. The whole was then boiled 
with toluene, which was partly distilled off until the distillate was no longer cloudy, to remove 
water formed by the reaction, the mixture was filtered, and on cooling, a solid separated (12 g.) 
[Found : C, 28-4, 28-5; H, 3-4, 3-3. Pb(C,;H,O,), requires C, 29-6; H, 3-5%]. A quantity of 
white lumps remained; to this were added 10 c.c. of acetylacetone and some toluene, the 
mixture being boiled, and again filtered ; the solid separating on cooling (8 g.) was recrystallised 
from toluene containing a little acetylacetone (yield 6 g.) (Found : C, 28-4, 28-5; H, 3-3, 3-4%). 
The solids were, in both cases, washed on the filter with toluene followed by hexane. The data 
indicate hydrolysis : a mixture of 92-5 parts of lead acetylacetone with 7-5 parts of lead acetate 
requires C, 28-49; H, 3-36%. 

In order to minimise hydrolysis, granulated lead was heated under reflux with acetylacetone 
in dry toluene for about an hour, the solution filtered, and cooled. Well-defined crystals were 
obtained, resembling tetrathallium tartrate (Found: C, 29-1, 29-1; H, 3-4, 3-4%). A second 
crop was obtained by reheating the mother-liquor from the first crop under reflux with the lead 
[Found: C, 28-9, 28-7; H, 3-4, 3-4; Pb, 50-7, 51-0 (detmtns. by A. R. P. Walker). 
Pb(C;H,O,), requires Pb, 51-1%]. 

The substance on heating shows signs of volatilising. An outstanding property is its ease of 
hydrolysis. It is soluble in commercial absolute alcohol, but the solutions soon become cloudy. 

Molecular Weight of Osmium Tetroxide in Benzene (with H. OVERTON).—0-0830 G. of the 
tetroxide was dissolved in 6-24 g. of benzene: the f. p. took a long time to become constant. 


35 50 65 90 105 
0°258° 0°259° 0°276° 0°280° 0°279° 0°274° 


The mean of last four readings, 0-277°, gives M, 245-9 (Calc. : 255-6). 
More osmium tetroxide was then added, to a total of 0-1068 g. : 


45 55 
0°352° 0°349° 


The mean, 0-351°, gives M, 249-7. The solution was not stable, for after 110 minutes At 
had fallen to 0-336°, and after 22 hours to 0-324°. After the final determination, a black sedi- 
ment was found, whilst some osmium tetroxide had volatilised up the tube. It thus seems 
probable that the inconstancy of the f. p. shown in the previous day’s determinations was due 
to volatilisation and decomposition of the osmium tetroxide in solution. 


SUMMARY. 


It has been shown that the stability of a number of newer compounds of the heavier 
metals depends, not only on the tendency for the central atom to attain a rare-gas structure, 
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but also on the preference for even rather than for odd covalencies. The fulfilment of the 
latter condition alone indicated that lead diacetylacetone should be capable of existence, 
and this has been confirmed by its preparation. 

Sidgwick’s statement that the relation of an odd value to the next higher even value is 
that of unsaturation (0p. cit., p. 161) and Bassett’s explanation of the structure of a number 
of complex lithium compounds as determined by the need for the lithium atom to become 
either 2- or 4-co-ordinated (Ann. Reports, 1932, 29,78; Sci. J. Roy. Coll. Sci., 1934, 27) are 
both indications that this tendency towards even covalencies is displayed all through the 
periodic classification. 


Acknowledgment is made to Mr. E. R. Wiltshire for helpful criticism and to the Colston 
Society for a grant. 


THE UNIVERSITY, BRISTOL. (Received, July 18th, 1934.] 





385. Physical Properties and Chemical Constitution. Part II. Esters 
of BB-Substituted Glutaric Acids. 


By ArTuHuR I. VOGEL. 


THE present work was undertaken with the objects (1) of providing certain physicochemical 
data (surface tension, density, refractive index) for a comprehensive series of glutaric 
esters, and (2) of discovering new evidence for the valency-deflexion hypothesis based on 
relationships involving these quantities. It is clear that the difference between any of the 
properties of the @-substituted glutaric and those of the corresponding malonic esters 
will yield values for 2 x CH, and these may be compared with the value for CH, determined 


TABLE I. 


Malonic Glutaric Malonic Glutaric 
series. series. Diff. for series. series. Diff. for 
Substituent. Parachor. 2CH,. [Rz]p- 2CH,. 
H, H 283-0 361-4 78°4 28°62 37°58 8°96 
321°9 399°9 78:0 33°36 42°36 9-00 
355°8 431°8 76°0 37°73 46°88 9°15 
391°3 466°8 75°5 42°13 51°18 9°05 
428°3 500°7 72°4 46°51t 55°74 9°23 
431-2 505°9 74:7 46°88 56°14 9°26 
468°8 539°8 71-0 51°44 60°48 9°04 
505°1 575°9 70°8 56°07 65°03 8°96 


408-0 482°3 74:3 44-82 53°86 9-04 
CH, CH; . 517- . . . , 
CH Cy CHOON 444-2 517-4 75-2 49°16 58°26 9°10 


Malonic Glutaric Malonic series. Glutaric series. 
series. series. Diff. for 
Substituent. . 2CH,. ([Rz]v-c. [Rila-c. [Rilr-c. [Rz]e-c. 

H, H 228-01 41°30 0°43 0°70 0°56 0°89 
248-20 41°59 0°49 0°80 0°64 0°97 

268°83 42°28 0°47 0°90 0-71 1:08 

290°13 42°59 0°61 1-00 0°77 1:17 

311-80 43°21 0°68t 1-10t 0°84 1:26 

310-71 42°73 0°71 1-1l 0°85 1°31 

332-05 42-98 0°77 1-16 0°91 1°38 

352°40 43°32 0°84 1°35 0°97 1-50 


311-78 42°41 0°66 1-05 0°73 
291°23 333-97 42°74 0°73 1-14 0°86 1°31 
* Original value 311-94 (this vol., p. 334) was miscalculated. 


t The line for this ester was omitted from Table V of Part I (this vol., p. 335); it included these 
data and also [Rz]c 46°30, R[z]r 46°98, and R[z]q’ 47°40. 
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for the normal dibasic esters. Any divergence between these values may be attributed 
directly to valency deflexion, since all other variables are the same in the two series. This 
method has the great advantage that a knowledge of the individual atomic and structural 
constants is unnecessary. The results of such a comparison for the methyl esters are in 
Table I, the data in Part I (this vol., p. 333) for the malonic series being employed. 

It will be seen that only the parachor and the molecular refraction coefficients * exhibit 
real divergencies from the normal CH, differences of 40-3 and 20-63 respectively (Part I, 
loc. cit.) : irregular differences are obtained for the refractivities and dispersions. The 
valency angles would thus appear to be in the order Pr*,Pr¢<Et,Pr*<Et,Et<Me,Pre< 
Me,Et<Me,Me<Me,H<H,H, and the difference between Et,Et, Et,Pre, and Pre,Pre 


would also appear to be small. 
Table II records data for a number of sets of isomeric esters investigated by the author. 


TABLE II. 


¥. Mn. [Rz]p. [Rz]r-c. [PrJe-c. 
Et malonate 361°5 226°37 37°89 0°58 
Me glutarate 361°4 228-01 37°58 0°56 
Me dimethylmalonate 355°8 226°55 37°73 0°57 
Me ethylmalonate 360°2 227:09 37°97 0°58 
Et succinate 400-0 247°19 42°35 0°64 
Me adipate 401°8 248°69 42°23 0°62 
Me methylethylmalonate 391°3 247°54 42°13 0°61 
Me methylglutarate 399°9 248-20 42°36 0°64 
Et glutarate 439°6 267°89 46°93 0°70 
Me pimelate 443°3 269°19 46°89 0-71 
Me diethylmalonate 428°3 268-58 46°51 0°68 
Me methyl-n-propylmalonate 431-2 267-98 46°88 0-71 
Me dimethylglutarate 431-8 268°83 46°88 0°71 
Et adipate 480°2 288-58 51°51 0°77 
Me suberate 484-4 289°81 51°55 0°78 
Me ethyl-n-propylmalonate 468°8 289-07 51°44 0°77 
Me methylethylglutarate 466°8 290°13 51°18 0°77 
Et pimelate 520°5 309°08 56°23 i 
Me azelate 524°6 310°43 56°14 
Me di-n-propylmalonate 5051 311-94 56°07 
Me diethylglutarate 500°7 311-80 55°74 
Me methyl-n-propylglutarate 505°9 310°71 56°14 
Et dimethylglutarate 510°6 308-71 55°98 
Me cyclohexane-1 : 1-diacetate 517-2 330°97 58°26 
Me 3-methylcyclopentane-1 : l-diacetate ... 519°4 331-42 58°62 
Et cyclohexane-1 : 1-diacetate 595°5 373°67 67°65 
Et teen nae armen : l-diacetate ... 599°0 371-16 67°99 
Me 3-methyleyclohexane-1: l-diacetate ... 555°2 353°86 63°27 
Me 4-methylcyclohexane-1 : l-diacetate ... 553°9 353°86 63°04 
Et 3-methylcyclohexane-1: l-diacetate ... 633°3 393°53 72°48 
Et 4-methylcyclohexane-1: 1-diacetate ... 630°9 393°55 72°31 


The most remarkable and unexpected feature of these results is the large variation in 
the parachor in several series; this must be attributed largely to valency deflexion. It 
is of interest that Sugden (see “‘ The Parachor and Valency,” 1930, p. 33) originally based 
the additivity of the parachor on its values for isomeric substances, those which differed 
only in the position of groups or linkages in the molecule being deemed to give identical 
parachors. Other examples of the variation of the parachor for isomeric compounds 
are known (Rep. Brit. Assoc., 1932, 264; compare Mumford and Phillips, J., 1929, 2112), 
so Sugden’s generalisation is no longer acceptable. 

Smaller but not parallel variations are present in the molecular refraction coefficients 
but these are not large enough to justify any useful conclusions. The dispersions [Rz]p_o 
and [Rz]q—o would seem to be approximately the same for isomeric compounds. 
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EXPERIMENTAL. 


Preparation of ®G-Substituted Glutaric Acids by the Guareschi Reaction.—This reaction has 
been widely employed for work in connexion with the valency-deflexion hypothesis but no 


* The difference in Mn%* for the diethyl series appears anomalous. 
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complete details have been published (compare Guareschi, Atti Accad. Sci. Torino, 1900—1901, 
36, 443; Kon and Thorpe, J., 1919, 115, 693). In view of the expensive nature of the materials 
involved, full details are given of the preparation of the dicyano-imides from fourteen 
ketones, and also an improved method of hydrolysis of these to the corresponding substituted 
glutaric acids. 

Preparation of dicyano-imides. 400 C.c. of absolute ethyl alcohol absorb ca. 52 g. (3 g.-mols.) 
of anhydrous ammonia at 0°, the solution expanding to approximately 600 c.c. A mixture of 
1 g.-mol. of the dry ketone and 2 g.-mols. of pure ethyl cyanoacetate, contained in a large 
(1500 c.c.) wide-mouthed glass-stoppered bottle and cooled to — 5°, is treated with 400 c.c. of 
absolute alcohol, previously saturated at — 5° (5—6 hours) in an all-glass wash bottle with 
ammonia, derived from a cylinder and dried by passage through lime. The whole is kept at 
0° for 1—7 days (the time depends upon the ketone employed) with the stopper held down by 
means of a heavy weight, and then the separated ammonium salt of the dicyano-imide is filtered 
off and washed with alcohol, followed by ether (cyclopentanone, 3-methylcyclopentanone, 
cyclohexanone, 3- and 4-methylcyclohexanone, trans-8-decalone, trans-hexahydro-$-hydrindone, 
acetone, methyl ethyl ketone, and methyl-u-propyl ketone). The solid ammonium salt is 
dissolved in the minimum quantity of boiling water (ca. 1—1°51.), a large excess of concen- 
trated hydrochloric acid (300—500 c.c.) added, and the precipitated dicyano-imide collected 
after 12 hours and dried at 100°. The products from the dicyclic ketones must be boiled with 
dilute hydrochloric acid, since the ammonium salts are sparingly soluble in water. For diethyl, 
ethyl n-propyl, and di-n-propyl ketones some cyanoacetamide but very little ammonium salt 
separates, and the filtered solution is therefore diluted with 1-5 times its volume of water, ex- 
tracted four times with ether (ca. 11.), the aqueous solution strongly acidified with concentrated 
hydrochloric acid, and the separated solid collected after 24 hours and dried at 100°. 

Ketones. These were usually dried over anhydrous sodium sulphate before use, and were 
obtained from the following sources : 

Acetone. B.D.H. “‘ A.R.,’’ dried over calcium chloride; b. p. 56—56°6°. 

Methyl ethyl ketone. A purified commercial specimen was fractionated and the portion, 
b. p. 79—80°, collected. 

The higher aliphatic ketones were prepared from the purified acids (fractionation only) 
by passage over manganous oxide at 300—350°, and had the following b. p.’s : Diethyl ketone, 
100—103°; methyl -propyl ketone, 101°5—103°5°; ethyl n-propyl ketone, 121—125°; di-n- 
propyl ketone, 143—145°. 

cycloPentanone. Prepared from adipic acid (compare Vogel, J., 1928, 1021; 1929, 727); 
b. p. 131°. 

cycloHexanone. Commercially ‘“‘ pure’’ specimens vary considerably in purity and give 
widely different yields of the dicyano-imide. cycloHexanol may be removed by standing over 
calcium chloride (compare Hiickel, Neunhoeffer, Gercke, and Frank, Annalen, 1929, 477, 99). 
The best method is to purify it through the bisulphite compound prepared with aqueous- 
alcoholic sodium bisulphite solution (Ruzicka and Brugger, Helv. Chim. Acta, 1926, 9, 339), and 
after the solid has been washed with ether to remove any cyclohexanol present, it is decomposed 
in a separating-funnel with 10% sodium hydroxide solution, and the liberated ketone extracted 
with ether; b. p. 156—157°. 

3-Methylcyclopentanone. From pure $-methyladipic acid, derived from the oxidation of 
4-methylceyc/ohexanol with nitric acid (Vogel, J., 1931, 912; Desai, ibid., p. 1219); b. p. 143— 
145°. 

3- and 4-Methylcyclohexanones. Pure products from Deutsche Hydrierwerke. 

trans-8-Decalone. From pure trans-8-decalol, m. p. 74—75° (see Tudor and Vogel, this vol., 
p. 1251, for references); b. p. 117°/16 mm. 

tvans-Hexahydro-8-hydrindone. From ¢trans-cyclohexane-1 : 2-diacetic acid, m. p. 167° 
(Tudor and Vogel, Joc. cit.); b. p. 91—92°/13 mm. 

The yields. of: dicyano-imides from the various ketones (1 g.-mol.) and ethyl cyanoacetate 
(2 g.-mols.) were as follows (the time of standing in the ice-chest is shown in parentheses) : 
Acetone, 129 g., 68% (3 days); methyl ethyl ketone, 130 g., 63% (42 hours); diethyl ketone, 
97 g., 44% (7 days); methyl -propyl ketone, 140 g., 64% (5 days) ; ethyl 2-propyl ketone, 39 g., 
17% (7°5 days); di-n-propyl ketone, 500 c.c. of alcohol employed, 47 g., 19% (8 days); cyclo- 
pentanone, 120 g., 55% (24 hours) ; cyclohexanone, ex bisulphite compound, 165 g., 73% (4 days) ; 
cyclohexanone, best sample of commercially ‘‘ pure,’ 126 g., 55% (4 days); 3-methylceyc/o- 
pentanone, 116 g., 50% (4 days); 3-methylcyclohexanone, 142 g., 58% (4 days); 4-methylceyclo- 
hexanone, 168 g., 69% (2°5 days) ; trans-8-decalone, 188°5 g., 66% (7 days) ; trans-hexahydro-f- 
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hydrindone, 195 g., 72% (7 days). The most expensive cyclic ketones may be largely recovered 
from the alcoholic filtrate from the ammonium salts by adding a large excess of water, filtering 
if necessary, saturating with ammonium sulphate, and extracting several times with ether. 

Hydrolysis of the dicyano-imides to the corresponding 1: 1-diacetic acids. The following 
method gives nearly theoretical yields of the crude acid. 1 G.-mol. of the finely divided imide 
is dissolved in 480 c.c. of concentrated sulphuric acid in a spacious, Pyrex, round-bottomed 
flask (gentle warming is usually necessary and a clear reddish-brown solution is obtained), 
the solution is kept over-night, and then 450 c.c. of water are slowly added with frequent shaking. 
The whole is heated under reflux for 12—24 hours, very cautiously at first owing to the attendant 
frothing which subsides after 2—3 hours. It is essential to shake the flask well at intervals of 
about 3 hours. The acid separates on cooling and is collected upon a large sintered Jena-glass 
funnel. For the dicyano-imides from tvans-$-decalone and trans-hexahydro-f-hydrindone, the 
best proportions are respectively 750 c.c. sulphuric acid, 700 c.c. water, and 1350 c.c. acid, 
1200 c.c. water. Very little acid is contained in the sulphuric acid mother-liquors in the prepar- 
ation of the cyclic acids, and the proportion is less than 5% for the aliphatic acids. The crude 
acids are usually dried at 100° (the dimethyl] acid at 90°, and the other higher aliphatic acids at 
50°), and are purified by extraction with sodium bicarbonate solution, any imide present being 
thus removed (potassium bicarbonate must be employed for trvans-decahydronaphthalene- 
2: 2-diacetic acid owing to the sparing solubility of the sodium salt), and strong acidification 
with concentrated hydrochloric acid. Thecyclic acids are all almost quantitatively precipitated, 
but for the alkyl-substituted acids considerable quantities remain in solution and it is therefore 
best to saturate with ammonium sulphate and to isolate the acid by three or four extractions 
with ether. 

The details of the subsequent purification of the various acids are given below. 

88-Dimethylglutaric acid. The crude acid was converted into the anhydride by refluxing 
with excess of acetic anhydride for 7 hours and subsequent distillation; b. p. 156—157°/20 mm., 
m. p. 125°, ex light petroleum (b. p. 100—120°) (Perkin, J., 1896, 69, 1475, gives m. p. 124—125°; 
Perkin and Thorpe, J., 1899, 75, 54, give b. p. 181°/25 mm.). The anhydride (29°5 g.) was 
refluxed for 2°5 hours with aqueous potassium hydroxide (35 g., 3 mols., in 55 g. of water), 
acidified with concentrated hydrochloric acid, extracted thrice with ether after saturation with 
ammonium sulphate, dried with anhydrous sodium sulphate, the ether removed, and the residue 
recrystallised from concentrated hydrochloric acid and dried at 70°; m. p. 101° (Guareschi, 
loc. cit., gives m. p. 103—104°; Thole and Thorpe, J., 1911, 99, 435, give m. p. 101°). 

8-Methyl-B-ethylglutaric acid. Recrystallised twice from dry benzene; m. p. 85° (Guareschi, 
87°; Thole and Thorpe, 86°). 

88-Diethylglutaric acid. Recrystallised successively from dry benzene and from chloroform— 
light petroleum (b. p. 40—60°); m. p. 106° (Guareschi, 108°). 

8-Methyl-B-n-propylglutaric acid. Recrystallised twice from dry benzene; m. p. 92—93° 
(Guareschi, 92°). 

8-Ethyl-B-n-propylglutaric acid. Recrystallised from benzene-light petroleum (b. p. 40—60°), 
m. p. 62°5—63-5°, then from hot water (the solution was poured off from a small quantity of 
oil), m. p. 67—68°, and another recrystallisation from hot water gave m. p. 69°, unaffected by 
further crystallisation (Guareschi, 71—72°). 

Di-n-propyiglutaric acid. Recrystallised from benzene; m. p. 117° (Guareschi, Gazzetta, 
1919, 49, 124, gives m. p. 112—113°; Bains and Thorpe, J., 1923, 123, 1209, m. p. 114°5—115°). 

cycloPentane-1 : 1-diacetic acid. The crude acid was converted into the anhydride, m. p. 
68°, with acetic anhydride (Kon and Thorpe, J., 1919, 115, 701, give m. p. 68°) and then into 
the acid as described above for the dimethyl acid. Recrystallised from hot water; m. p. 
176—177° (Kon and Thorpe, /oc. cit., give m. p. 176—177°). 

cycloHexane-1 : 1-diacetic acid. The crude acid was purified through the anhydride and 
had m. p. 181° after recrystallisation from dilute alcohol (Thole and Thorpe, J., 1911, 99, 445, 
give m. p. 181°). 

3-Methylcyclopentane-1 : 1-diacetic acid. Purified through the anhydride; m. p. 135° 
(compare Vogel, J., 1931, 913; Desai, J., 1931, 1220). 

3-Methylcyclohexane-1 : 1-diacetic acid. Recrystallised successively from hot water and 20% 
alcohol; m. p. 142° (Thorpe and Wood, J., 1913, 108, 1597, give m. p. 143°). 

4-Methylcyclohexane-1 : 1-diacetic acid. Purified as for the 3-methyl acid; m. p. 158—159° 
(Thorpe and Wood, Joc. cit., give m. p. 158°). 

trans-Decahydronaphthalene-2 : 2-diacetic acid. Recrystallised from rectified spirit or from 
acetone; m. p. 175° (Rao, J., 1929, 1962, gives m. p. 175°). 





1762 Vogel : 


trans-Hexahydrohydrindene-2 : 2-diacetic acid. Recrystallised from rectified spirit; m. p. 
224° (Kandiah, J., 1931, 943, gives m. p. 224°). 

8-Methylglutaric acid. This was prepared by Day and Thorpe’s method (J., 1920, 117, 
1465) and recrystallised from chloroform; m. p. 88° (Day and Thorpe give m. p. 87°). 

Preparation of Esters.—These were obtained by refluxing the pure acid with a mixture of 
the pure dry alcohol, pure sodium-dried benzene, and concentrated sulphuric acid for several 
hours (compare Vogel, J., 1928, 2021; 1933, 338). 

Measurement of Refractive Indices and Dispersions.—These determinations were carried out 
at 20° + 0-05° on a new Pulfrich refractometer. A Zeiss electric sodium lamp and an H-type 
of Geissler hydrogen tube were used as the sources of illumination. The latter must be checked 
periodically with a standard liquid, such as ethyl succinate, since the G’ line becomes relatively 
indistinct after some use, due possibly to the gases evolved from the aluminium electrodes, and 
other lines appear. This difficulty is largely overcome by the use of Guild’s form of hydrogen 
vacuum tube (Proc. Physical Soc., 1916, 28, 69; compare Hilger’s Catalogue, 1929, F11). 

All the measurements described in Part I have been checked with the new refractometer, 
and revised figures for a few liquids are given at the end of this paper. 

Measurement of Surface Tension and of Density over a Range of Temperatures.—The technique 
has already been described (Part I, this vol., p. 336). Three surface-tension apparatus, A, B, 
and C, were employed, the constants of which were 1-8545, 2-5142, and 1-8725 respectively. 

In the tabulated results below, ¢ is the temperature, 4 the observed difference in height 
(in mm.) in the two arms of the U-tube, H the corrected value, df the density (calculated from 
the observed densities by assuming a linear variation with temperature), y the surface tension 
(dynes/cm.) computed from the equation y = KHd, P the parachor (density of the vapour was 
neglected in the calculation), M the molecular weight, and Mnj” the molecular refraction 
coefficient. The number in parentheses following the value of +59. is the temperature coefficient 
of surface tension. The following abbreviations are employed: d}" for d2”; Ro, Rp, Reg, and 
Re, for [RzJc, [Rzlp, [Rzle, and [RzJe, respectively. Data for [Rz]p, Mn’, [Rz]p_c, and 
[Ryl@—o, already given in Tables I and II, are not repeated in the constants for each compound. 

Assistance in the preparations and measurements marked with an asterisk was given by 
R. J. Tudor, M.Sc. 

Methyl B-methylglutarate (Found: C, 55-1; H, 8-0. C,H,,O, requires C, 55-1; H, 8-1%); 
M = 174-11; b. p. 110°/19 mm.; mg 1-42334, mp 1-42556, ny 1-43073, nq 1-43452; Rep 42-16, 
Ry 42-80, Rg 43:13. Densities determined : d%” 1-0523, d2®* 1-0147, d=” 0-9929. 


yor = 33°77 (0°106). App. B. 

t. h H. at. y- P. t. h. H. ae, y- P. 
24-0° 12°89 12°65 1-:0487 33°25 399-0 86°9° 10°91 10°67 0-9912 2659 398-9 
63°38 11°67 11°43 10147 29°16 398-7 Mean 399°9 


Methyl ®8-dimethylglutaraie, M = 188-13; b. p. 111°/20 mm.; mg 1-42679, mp 1-42897, 
My 1-43424, ng 1-43809; Ro 46-67, Rp 47-38, Rg 47°75. Densities determined: d2” 1-0345; 
d®* 0-9944, d™ 0-9742. 

yoo = 31°44 (0-098). App. A. 

23-9 16°49 16:25 1:0306 31:06 430°9 85°4 1412 13°88 0°9745 25°08 432-0 

61°38 15°06 14°82 0°9944 27°33 432°6 Mean 431°8 


*Methyl B-methyl-B-ethylglutarate, M = 202-14; b. p. 124°/21 mm. (Dickens, Kon, and 
Thorpe, J., 1922, 121, 1503, give b. p. 128°/19 mm.); mg 1-43312, mp 1-43530, ny 1-44062, ng 
1-44446; Ro 50-95, Ry 51-72, Rg 52-12. Densities determined: d%” 1-0313, d@®* 0-9981, 
d* 0-9693. 


yar = 31°97 (0097). App. A. 
23-9 16°81 16°57 1°0281 31°59 466-1 845 1444 14:20 09703 25°55 468-4 
622 15°38 15-14 0°9984 2803 4659 Mean 466°8 


* Methyl B8-diethylglutarate, M = 216-16; b. p. 135°/20 mm. (Dickens, Kon, and Thorpe, 
loc. cit., give b. p. 1381°/16 mm.); mg 1-44023, mp 1-44245, ny 1-44780, ng 1-45173; Ro 55-49, 
Ry, 56-33, Rg 56-75. Densities determined: d%” 1-0270, d™ 0-9924, d* 0-9732. 


yooe = 31°74 (0°089). App. B. 
23°0 12°47 12°23 1°0236 31°47 500°2 85°3 10°83 10°59 0°9736 25°92 501°0 
62°0 11°46 11°22 0°9924 2800 501°0 Mean 500°7 
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*Methyl 8-methyl-B-n-propylglutarate (Found: C, 60-9; H, 9-3. C,,H»O, requires C, 61-1; 
H, 9:3%), M = 216-16; b. p. 130°/17 mm.; mg 1-43522, mp 1-43741, np 1-44281, vq 1-44677; 
R, 55°89, Ry 56-74, Rg 57-20. Densities determined : d2” 1-0095, d$?“ 0-9776, d=” 0-9567. 


yo = 31°17 (0-092). App. B. 
t. h. H. dy, P. t. h. H. df. y- P 


273. 12°34 «12°10 1:0037 30°53 5063 85-4 10°71 10°47 0°9573 25:20 505-9 
62-4 11°35 111] 0O°9776 27°31 505°5 Mean 505°9 


*Methyl B-ethyl-B-n-propylglutarate (Found: C, 62-6; H, 9-6. C,,H,.O, requires C, 62-6; 
H, 9-6%), M = 230-17; b. p. 142°/20 mm.; mg 1-44041, up 1-44265, np 1-44806, ng, 1-45207; 
Ry 60-21, Ry 61-12, Rg 61-59. Densities determined : d 1-0083, d=” 0-9765, df 0-9569. 


yar = 31°37 (0-090). App. B. 
190 12°64 12°40 1:0091 31°46 540-2 86:0 10°79 10°55 0°9580 25°41 539°4 
62°7 11°47 11:23 0°9767 27°58 540°0 Mean 539°8 
* Methyl di-n-propylglutarate (Found : C, 63-7; H, 9-9. C,3H,.,O, requires C, 63-9; H, 9-9%), 
M = 244-19; b. p. 151°/20 mm.; mg 1-44092, mp 1-44315, np 1-44856, ng 1-45256; Re 64-74, 
Ry 65-71, Rg 66-24. Densities determined : d%° 0-9958, d* 0-9626, d%* 0-9443. 


yao = 30°53 (0°090). App. A. 

195 16°79 16:55 0°9962 30°58 576°4 854 1436 14:12 0°9454 24°76 576-1 

63°6 15°06 14°82 0°9626 26°46 5753 Mean 575°9 

Methyl cyclopentane-1 : 1-diacetate, M = 214-14; b. p. 141°/17 mm. (Dickens, Kon, and 
Thorpe, J., 1922, 121, 1503, give b. p. 162°/15 mm.: this is definitely high); , 1-45366, np 
1-45597, np 1-46163, mq 1-46580; Ro 53-61, Ry 54:34, Rg 54-84. Densities determined : 
@& 1-0810, d® 1-0476, d$t* 1-0269. 

yor = 35°40 (0°107). App. A. 


23-4 17°77 17°53 1:0779 35°04 483°3 85°38 15:18 14:94 1:0269 28°45  481°6 
618 16:15 15°91 1:0476 30°91 482-0 Mean 482°3 


*Methyl 3-methylcyclopentane-1 : 1-diacetate (Found: C, 63-1; H, 8-8. C,,H, O, requires 
C, 63-2; H, 8-8%), b. p. 148°/19 mm.; M = 228-16; mg 1-45031, mp 1-45257, ny 1-45814, 


Mg 146225; Ro 58-36, Ry 59-23, Rg 59-70. Densities determined: d%° 1-0513, d&* 1-0171, 
d* 1.0003. 


yar = 32°56 (0-087). App. B. 
20-4 12°55 12:31 1:0510 32°53 518-5 853 10-97 10:73 09993 26:96 5203 
646 11:44 11:20 10161 2861 5193 Mean 519°4 


Methyl cyclohexane-1 : 1-diacetate, M = 228-16; b. p. 159°/21 mm. (Dickens, Kon, and 
Thorpe, J., 1922, 121, 1503, give b. p. 164°/26 mm.) ; mq 1-46136, mp 1-46374, np 1-46946, nq 
1-47364; Rg 58-01, Ry 58°87, Rg 59-32. Densities determined: d%° 1-0801, d%* 1-0460, 
d:* 1-0283. This specimen (in App. B) gave yo. = 36-10 (0-102); P = 517-4. A redistilled 
specimen, b. p. 155°/18 mm., gave d%° 1-0801, d* 1-0468, d$?* 1-0283. 


yor = 35°83 (0-098). App. A. 


23°0 1802 17°78 1:°0777 35:54 516-9 859 15°69 15°45 1:0278 29°45 517°1 
62-5 16°51 16:27 1:0466 31°58 516°8 Mean 5169 


*Methyl 3-methylcyclohexane-1 : 1-diacetate (Found: C, 64-5; H, 9-2. C,,;H,,O, requires 
C, 64-4; H, 92%), M = 242-18; b. p. 155°/15 mm.; mg 1-45881, mp 1-46115, my 1-46687, 
ty 147115; Re 62-99, Ry 63-95, Rg 64-46. Densities determined: d?” 1-0506, d%* 1-0187, 
de” 1-0009. 
yoo = 33°28 (0°080). App. C. 
206 17:14 16°90 1:0501 33:23 553-7 85°8 15°01 14°77 1:0003 27°67 5553 
62°99 15°98 15°74 1:°0187 30°02 556°5 Mean 555-2 


* Methyl 4-methylcyclohexane-1 : 1-diacetate (Found: C, 64-4; H, 9-2%), M = 242-18; b. p. 
164°/20 mm.; mo 1-45879, np 1-46115, np 1-46685, ng 1-47102; Ry 62-77, Rp 63-71, Rg 64-19. 
Densities determined : d%” 1-0547, d8* 1-0204, d* 1-0038. 


yur = 33:27 (0-079). App. B. 


169 1285 1261 10572 33°52 . 551-2 85°6 11°36 11:12 1:0038 28°06 555°3 
63-9 11°88 11°64 1°0198 29°84 551°1 Mean 553-9 
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*Methyl trans-decahydronaphthalene-2 : 2-diacetate, M = 282-21; b. p. 193°/14 mm. (Rao, 
J., 1929, 1962, gives b. p. 190°/12 mm.); mg 1-47946, zp 1-48195, mp 1-48799, ng, 1-49253; R, 
74-49, Rp 74-81, Rp 75-61, Rg 76°21; Rg _o 1:72, Rp_o 1:12; Mn? 418-22. Densities deter- 
mined: d%° 1-0753, d$!* 1-0418, d=* 1-0247. 


yoo = 36°44 (0097). App. A. 
t. h. H. dt, y: P. t. h. H. dt. y: P 


172 1861 1837 1:0777 36°71 6446 84:0 16:23 15°99 1:0241 30°37 646-9 
61°38 16°93 16°69 1:0437 32°30 644-6 Mean 645°4 


* Methyl trans-hexahydrohydrindene-2 : 2-diacetate, M = 268-19; b. p. 179°/12 mm. (Kandiah, 
J., 1931, 943, gives b. p. 172°/15 mm., di?” 1-074, nif" 1-4769); mg 1-47297, np 1-47538, np 
1-48137, mg 1-48580; Ry 70-09, Rp 70-39, Rp 71-16, Rg 71-71; Reo 1-62, Rp_¢ 1-07; Mni 
395-68. Densities determined : d%° 1-0734, dS“ 1-0404, d&* 1-0221. 
yor = 35°67 (0°093). App. C. 


21-9 17°96 17°72 1:0698 35°50 611°9 87:1 15°64 15°40 1:0217 29°46 611°5 
62°55 1649 1625 1:0408 31°67 611°3 Mean 611°6 


Ethyl ®8-dimethylglutarate, M = 216-16; b. p. 126°/17 mm.; mq 1-42600, mp 1-42817, n, 
1-43346, mg 1-43718; Ro 55-98, Ry 56-84, Rg 57-26. Densities determined: d? 0-9893, 
a 0-9519, d=" 0-9319. 


yar = 29°68 (0-095). App. B. 
18:5 1221 11-97 0°9907 29°82  509°9 851 10°37 10°13 09322 23-74 511-7 
62:7 10°89 10°65 0°9522 25°50 510°1 Mean 510-6 


Ethyl cyclopentane-1 : 1-diacetate, M = 242-18; b. p. 153°/14 mm. (Kon, J., 1922, 121, 
525, gives b. p. 157—158°/16mm.); mg 1-44916, mp 1-45147, np 1-45698, ng 1-46115; Re 62-92, 
Rp 63-20, Ry 63-87, Rg 64:38; Rg _o 1-46, Rp_c 0:95; Mn} 351-52. Densities determined: 
ad 1-0326, d@* 0-9982, de" 0-9789. 

yar = 32°84 (0-098). App. B. 

15°7 13°01 12°77 1:0360 33°26 561°4 85°6 11°01 10°77 0O°9789 26°51 561°3 

62°4 11°66 11°42 0O°9982 28°66 561°4 Mean 561°4 


*Ethyl 3-methylcyclopentane-1 : 1-diacetate, M = 256-19; b. p. 164°/21 mm. (Vogel, J., 1931, 
914, gives b. p. 155-5°/15 mm., nj” 1-4485, di 1-0602, the last figure is definitely high and 
requires correction; Desai, J., 1931, 1220, gives b. p. 156°/15 mm., nj” 1-44933, d?” 1-009); 
Mq 1-44648, mp 1-44876, ny 1-45427, mg 1-45850; Re 67-69, Ry 68-71, Rg 69-27. Densities 
determined : d%° 1-0102, d2* 0-9780, d* 0-9608. 

yar = 31-12 (0-088). App. B. 


182 12°54 12°30 1:0116 31°28 598°9 85°6 10°76 10°52 0°9608 25°41 598:7 
62°3 11°39 11:15 0°9780 27°41 599°4 Mean 599-0 


Ethyl cyclohexane-1 : 1-diacetate, M = 256-19; b. p. 165°/14 mm. (Thole and Thorpe, J., 
1911, 99, 446, give b. p. 288°/733 mm.); mg 1-45626, mp 1-45856, np 1-46423, ng 1-46836; 
Ro 67-36, Ry 68-38, Rg 68-90. Densities determined : d%° 1-0344, d$* 1-0007, a" 0-9833. 


yar = 33°48 (0-095). App. B. 
186 13°15 1291 1-:0355 33°61 595-7 864 11°26 11°02 0°9830 27-24 595-4 
63°6 11°88 11°64 1:0012 29°30  595°3 Mean 595°5 


*Ethyl 3-methylcyclohexane-1 : 1-diacetate (Found: C, 66-6; H, 9-7. C,;H,,O, requires 
C, 66-6; H, 9-7%), M = 270-21; b. p. 177°/21 mm.; mg 1-45405, np 1-45637, ny 1-46205, 
Mg 1-46617; Ro 72-17, Ry 73-26, Rg 73-81. Densities determined : d™%° 1-0142, d8* 0-9815, 
ad” 0-9568. 
yooe = 31°70 (0°092). App. B. 
194 12°69 . 12°45 1:0147 31°76 632°1 85°7 10°89 10°65 0°9556 25°59 635°8 
62°56 11°51 11:27 0°9821 27°83 631-9 Mean 633°3 


*Ethyl 4-methylcyclohexane-1 : 1-diacetate (Found: C, 66-5; H, 9-7%), M = 270-21; b. p. 
178°/21 mm.; mo 1-45402, np 1-45647, np 1-46212, nq 1-46633; Ro 71-98, Ry 73-08, Rg 73°66. 
Densities determined : d2° 1-0166, d8* 0-9845, d$!” 0-9674. 

yor = 31-72 (0-089). App. C. 


180 16°97 16°73 1:0182 31°90 630-7 86:2 14:55 1431 0°9662 25°89 630°8 
63-2 15°42 15°18 0°9845 27°98 631°3 Mean 630°9 
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*Ethyl trans-hexahydrohydrindene-2 : 2-diacetate, M = 296-22; b. p. 196°/14 mm. (Kandiah, 
J., 1931, 943, gives b. p. 182°/16 mm., nj}° 1-4687, dj* 1-043); ue 1-46700, np 1-46938, ny 1-47528, 
nq 1-47963; R, 79-31, Rp 79-65, Ry 80-53, Rg 81:15; Rg _o¢ 1°84, Rp_c¢ 1:22; Mnjie’ 435-26. 
Densities determined : d2° 1-0362, d%}* 1-0022, d&* 0-9846. 


yoo = 33°95 (0°094). App. B. 
t. h. i. y. P. t. h. Mi Mg y. P. 
223 13-21 12°97 1-0343 33°73 690-2 856 11°50 11-26 0-9859 27:91 690-6 
63-2 12°06 11-82 1-:0022 29-78  690°5 Mean 690°4 


*Ethyl trans-decahydronaphthalene-2 : 2-diacetate, M = 310-24; b. p. 208°/17 mm. (Rao, J., 
1929, 1958, gives b. p. 209°/16 mm., u}$* 1-47702, dif* 1-04115); me 1-47313, mp 1-47558, np 
1-48154, mg 1-48598; Ry 83-66, Rp 84-04, Ry 84-93, Rg 85°61; Rg —o 1:95, Rp-¢ 1:27; Mn 
457-78. Densities determined : d%” 1-0405, d%!” 1-0054, d$#?’ 0-9894. 


ya = 34°43 (0-096). App. B. 
189 13-43 13:19 10414 34:54 722-2 84:1 11:69 11°45 09894 2848 724-4 
635 12:15 11°19 1-0058 30-12 722°6 Mean 723-1 


Revised Data.—Methyl giutarate. M = 160-10; b. p. 109°/21mm.; mg 1-42208, mp 1-42415, 
Np 1-42925, ng 1-43362; Ro 37-42, Ry 37-98, Rq 38-31. 

Methyl adipate. M = 174-11; b. p. 119°/17 mm.; mg 1-42616, mp 1-42835, ny 1-43340, 
Ng 143772; Ro 42-04, Ry 42-66, Rg 43-03. 

Methyl pimelate. M = 188-13; b. p. 128°/16 mm.; mg 1-42872, mp 1-43088, np 1-43614, 
Ng 1-43989; Ro 46-68, Rp 47-39, Rg 47-74. 

Methyl suberate. M = 202-14; b. p. 148°/20 mm.; mg 1-43145, mp 1-43370, np 1-43892, 
My 144274; Ro 51-36, Rp 52-13, Rg 52-51. 

The figures in Tables I and II (Part I, this vol., p. 335) must accordingly be amended; the 
mean value of Mn" for the methy] esters is 20-62. 
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386. Synthetical Experiments in the Chromone Group. Part XIII. 
Hydroxy-2-styrylchromones. 
By KuussHaL C. GULATI, SANT R. SETH, and KRISHNASAMI VENKATARAMAN. 


In order to utilise the reaction of Heilbron, Barnes, and Morton (J., 1923, 123, 2535; 
Cheema, Gulati, and Venkataraman, J., 1932, 925) for the synthesis of polyhydroxy-2- 
styrylchromones (I) (Robinson and Shinoda, J., 1925, 127, 1973), the need for avoiding 
demethylation was clear at the outset. The action of benzyl chloride on resacetophenone 
led exclusively to the 4-benzyl ether; we have found this observation of value for the pre- 
paration of chalkones and isoflavones involving the use of a ketone in which the o-hydroxyl 
alone is unprotected, the 4-benzyl ether being more accessible than the methyl. From 
resacetophenone 4-benzyl ether, through the usual stages of the Kostanecki reaction and 
final debenzylation with hydrobromic acid, 7-hydroxy-2-styrylchromone (I; R= OH, 
R’ = H) and 7 : 4’-dihydroxy-2-styrylchromone (I; R, R’ = OH) were prepared. 
Benzylation of phloracetophenone yielded a dibenzyl derivative, formulated as (II), 
since it did not undergo a smooth chalkone or #-diketone condensation. The action of 


\CCHICH RY CH,Ph-0” NOH cu,pro/\/\ cae 
CH 


CH,Ph\ OMe CH 
O OH Moo XO 
(I.) (II.) (III.) 


benzyl chloride on 5: 7-dihydroxy-2-methylchromone under all conditions gave the 
7-benzyl ether, which did not react with benzaldehyde; neither would its 5-O-acetyl 
5Z 
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derivative nor 5 : 7-diacetoxy-2-methylchromone undergo the styrylchromone condens- 
ation. Methylation gave (III), from which the corresponding styrylchromone could not be 
prepared. The project was to demethylate the latter by means of aluminium chloride 
(compare Bharadwaj and Venkataraman, Current Science, 1933, 2, 50). 

Contrary to Sen and Ghosh (J., 1920, 117, 61), no phloracetophenone was isolated from 
the products of the action of acetic acid and zinc chloride on phloroglucinol; the addition 
of acetic anhydride to the Nencki mixture (Badhwar and Venkataraman, “ Organic 
Syntheses,” 14, 40) did not alter the result. 


EXPERIMENTAL. 

7-Methoxy-2-styrylchromone (I; R=OMe, R’ = H).—7-Methoxy-2-methylchromone 
(Kostanecki and Rozycki, Ber., 1901, 34, 102) is more conveniently obtained by heating 2- 
hydroxy-4-methoxyacetophenone (Adams, J. Amer. Chem. Soc., 1919, 41, 260) with sodium and 
ethyl acetate as in the preparation of 7 : 8-dimethoxy-2-methylchromone (Cheema, Gulati, and 
Venkataraman, /oc. cit.). The styrylchromone crystallised from alcohol in colourless prisms, 
m. p. 189—190° (Found : C, 77-7; H, 5-2. C,gH,,0; requires C, 77-7; H, 5-0%). 

7 : 4'-Dimethoxy-2-styrylchromone (I; R, R’ = OMe) formed pale yellow needles, m. p. 144° 
(Found : C, 73-9; H, 5-5. C,,H,,O, requires C, 74-0; H, 5-2%). 

2-Hydroxy-4-benzyloxyacetophenone.—In the preparation of resacetophenone by the Nencki 
method it is an advantage to use acetic anhydride. A mixture of resacetophenone (30 g.), 
anhydrous potassium carbonate (54 g.), benzyl chloride (98 g.), and acetone (200 c.c.) was refluxed 
for 8 hours, the acetone recovered, and the residue steam-distilled to remove benzyl] chloride. 
Two crystallisations of the product from alcohol gave colourless leaflets (25 g.), m. p. 111° 
(Found: C, 74-3; H, 5-6. C,,;H,,O, requires C, 74-4; H, 5-7%). The alcoholic solution is 
coloured deep brown by ferric chloride. 

7-Benzyloxy-2-methylchromone was prepared from the above ketone (9 g.) in the manner 
described for 7 : 8-dimethoxy-2-methylchromone (Cheema, Gulati, and Venkataraman, loc. cit.). 
Two crystallisations from alcohol gave stout colourless needles (3-5 g.), m. p. 137° (Found : 
C, 76-3; H, 5-3. C,,H,,O, requires C, 76-6; H, 5-2%). 

7-Benzyloxy-2-styrylchromone (I; R = CH,Ph-O, R’ = H) formed pale yellow, flat prisms 
from alcohol and glacial acetic acid, m. p. 161° (Found: C, 80-9; H, 5-1. C,gH,,O, requires 
C, 81:3; H, 5-1%). 

7-Hydroxy-2-styrylchromone (I; R = OH, R’ = H).—The ether was not debenzylated by 
prolonged boiling of the acetic acid solution with concentrated hydrochloric acid, but it was when 
it was boiled (1-4 g.) in glacial acetic acid (100 c.c.) with hydrobromic acid saturated at 0° 
(25 c.c.) for 1 hour. The product, collected on cooling, crystallised from alcohol in pale yellow 
needles (0-6 g.), m. p. 239° (Found: C, 77-3; H, 4-8. C,,H,,O, requires C, 77-4; H, 4:7%). 

7 : 4'-Dibenzyloxy-2-styrylchromone (I; R, R’ = CH,Ph-O).—Prepared from 7-benzyloxy-2- 
methylchromone and p-benzyloxybenzaldehyde (Rosenmund, Ber., 1913, 46, 1039), this formed 
pale yellow prisms, m. p. 176°, from alcohol—acetic acid (Found: C, 80-7; H, 5-2. C3,H,O, 
requires C, 80-9; H, 5-2%). When debenzylated as in the previous case, it gave 7 : 4’-dihydroxy- 
2-styrylchromone (I; R, R’ = OH), which crystallised from alcohol-acetic acid in long, yellow, 
silky needles, m. p. 332° (Found: C, 73-0; H, 4-1. C,,;H,,0, requires C, 72-8; H, 4:2%). 
This substance is coloured orange by concentrated sulphuric acid and the yellow solution 
has a bright green fluorescence. The alcoholic solution gives no colour with ferric chloride. The 
diacetyl derivative crystallised from alcohol in colourless needles, m. p. 183° (Found : C, 69-2; 
H, 4-4. C,,H,,O, requires C, 69-2; H, 4-4%). 

Phlovacetophenone.—Prepared by the Hoesch method, this crystallised from hot water in 
very pale cream-coloured needles, m. p. 219° (Found : loss on heating at 120° for 3 hours, 9-5. 
C,H,0,,H,O requires H,O, 9-6%. Found in the dried material: C, 57-3; H, 4-6. Calc. for 
C,H,O,: C, 57-1; H, 4-7%). Them. p. after dehydration was 219° (compare Sen and Ghosh, 
loc. cit.). The 2: 4sdinitrophenylhydrazone crystallised from alcohol in bright red needles, m. p. 
280° (decomp.) (Found: N, 15-8. C,,H,,0,N, requires N, 16-1%). The triacetyl derivative, 
prepared by the Chattaway method, crystallised from alcohol in colourless elongated prisms, 
m. p. 103° (compare Sonn and Biilow, Ber., 1925, 58, 1691) (Found: C, 57-0; H, 4-6. Calc.: 
C, 57-1; H, 48%). 

The product obtained by the action of acetic acid and zinc chloride on phloroglucinol under 
various conditions, including those described by Sen and Ghosh (loc. cit.), crystallised from very 
dilute alcohol in yellow needles, melting and decomposing above 290° (Found : C, 63-8; H, 4-2. 
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C,6H,,0, requires C, 64-0; H, 4-0%). According to Sen and Ghosh, 5: 7: 2’: 4’ : 6’-penta- 
hydroxy-2-phenyl-4-methylenebenzpyran separates from hydrochloric acid as yellow needles 
with 1H,O; we were unable to prepare a crystalline acetyl derivative. The product obtained by 
alkaline hydrolysis had the physical properties described by Sen and Ghosh, but it did not yield 
a dinitrophenylhydrazone. 

C-Benzylphloracetophenone 4-Benzyl Ether (11).—Phloracetophenone (2 g.), benzyl chloride 
(9-5 g.), potassium carbonate (5 g.), and acetone (20 c.c.) were heated on the water-bath for 
8 hours; the mixture was then poured into water. The oily product was dissolved in ether, 
washed with 1% aqueous caustic soda and with water, recovered, and crystallised from alcohol, 
forming colourless rectangular plates (0-2 g.), m. p. 121° (Found: C, 75-4; H, 5-9. CoH 0,4 
requires C, 75-8; H, 5-7%), which gave a deep red colour with alcoholic ferric chloride. 

5 : 7-Dihydroxy-3-acetyl-2-methylchromone and 5 : 7-Dihydroxy-2-methylchromone.—The sub- 
stance obtained by heating phloracetophenone (10 g.), sodium acetate (10 g.), and acetic anhy- 
dride (60 g.) and pouring the product into water (2 1.) was washed and crystallised from alcohol. 
After two crystallisations, a substance (A) was obtained in colourless needles (5-1 g.), m. p. 131° 
(Found : C, 60-4; H, 4-7. C,,H,,0, requires C, 60-3; H, 44%). The mother-liquors, cooled 
after the separation of (A), deposited a substance (1-1 g.), melting indefinitely above 110°; 
dilution with a limited amount of water gave a second impure product (3-5 g.), melting above 120° 
overalongrange. After its removal much water was added and, after 12 hours, the precipitate 
was collected and crystallised from aqueous alcohol; the colourless needles (B) (0-5 g.), m. p. 
252°, were identified as 5 : 7-dihydvroxy-3-acetyl-2-methylchromone (Found: C, 61-4; H, 4:3. 
C,2H yO; requires C, 61-5; H, 43%). The diacetyl derivative of (B) had m. p. and mixed m. p. 
(with A) 131°. 

When (A) (3 g.) was boiled with concentrated hydrochloric acid and water (1 : 1) (40 c.c.) for 
45 minutes, and the product poured into water, a precipitate was obtained which, after two 
crystallisations from aqueous alcohol, formed colourless needles (1-1 g.), m. p. and mixed m. p. 
(with B) 252°. 

Treatment of (B) (3-5 g.) with boiling 10% sodium carbonate solution during 2 hours gave a 
clear solution. The product obtained on acidification crystallised from alcohol in colourless 
needles (1-3 g.), m. p. 279° (Jochum and Kostanecki, Ber., 1904, 37, 2099, give 290°), and were 
identified as 5: 7-dihydroxy-2-methylchromone (Found: C, 62-2; H, 3-9. Calc.: C, 62-5; 
H, 41%). The acetyl derivative melted at 148° (Jochum and Kostanecki, 149°) (Found : 
C, 60-9; H, 4-4. Calc.: C, 60-8; H,4-3%). The preceding results differ from those recorded 
by Canter, Curd, and Robertson (J., 1931, 1258; see also Shinoda, J. Pharm. Soc. Japan, 1928, 
48, 35). 

5-H ydroxy-71-benzyloxy-2-methylchromone.—Benzylation of 5: 7-dihydroxy-2-methylchro- 
mone (5-0 g.) and crystallisation of the product from alcohol gave cream-coloured needles 
(3-1 g.), m. p. 148° (Found: C, 71-9; H, 5-3. C,,H,,O, requires C, 72-3; H, 49%), which 
gave a dirty brown colour with alcoholic ferric chloride. 

5-Methoxy-71-benzyloxy-2-methylchromone (II1).—Methy] sulphate (60 c.c.) and 20% aqueous 
caustic soda (60 c.c.) were added alternately in small portions to a stirred solution of 5-hydroxy- 
7-benzyloxy-2-methylchromone (4 g.) in acetone (100 c.c.). Dilution of the pale orange liquid 
and crystallisation of the precipitate from alcohol gave colourless needles (2-7 g.), m. p. 156° 
(Found: C, 72-6; H, 5-5. C,,H,,O, requires C, 72-9; H, 5-4%). The alcoholic solution 
developed no colour with ferric chloride. 

Interaction of (III) and p-benzyloxybenzaldehyde gave a substance which crystallised in 
stout, bright yellow prisms from alcohol-acetic acid, m. p. 181° (Found: C, 82-9; H, 6-2. 
C;,H,,O, requires C, 78-4; H, 5-3%). 


FoRMAN CHRISTIAN COLLEGE, LAHORE. (Received, May 22nd, 1934.] 





387. Synthetical Experiments in the Chromone Group. Part XIV. The 
Action of Sodamide on 1-Acyloxy-2-acetonaphthones. 
By HARBHAJAN S. MAHAL and KRISHNASAMI VENKATARAMAN. 


CONTINUING the attempts made by Chadha and one of us (J., 1932, 1073) to effect de- 
hydration of 1-acyloxy-2-acetonaphthones (I) to 1 : 4-«-naphthapyrones, we found that 
the action of sodamide on an ethereal solution of 2-acetyl-1-naphthyl benzoate (I; R = Ph) 
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at room temperature, followed by decomposition of the precipitate with acid, gave the 
diketone (Il; R= Ph) (compare Baker, J., 1933, 1381; Mahal and Venkataraman, 
Current Science, 1933, 2, 214). The last substance and its 3 : 4: 5-trimethoxy-derivative 


O-COR OH 


Coe aaa 


(I.) (II.) (III.) 


were convertible into the corresponding «-naphthaflavones in the usual manner by means 
of sulphuric acid, which led, however, to a sulphonic acid, probably (III), in the case of the 
o-methoxy-analogue. 

Treatment of the dibromide of the O-acetyl derivative of 2-o-methoxycinnamoy]-1- 
naphthol did not take either of the known courses leading to a flavone or a coumaranone. 


EXPERIMENTAL. 


2-0-Methoxycinnamoyl-1-naphthol.—Prepared by the addition of 50% caustic potash to a 
boiling alcoholic solution of 2-acetyl-l-naphthol and o-methoxybenzaldehyde, the chalkone 
separated as an orange oil which soon solidified. Repeated crystallisation from glacial acetic 
acid gave orange-yellow woolly needles, m. p. 155° (Found: C, 78-8; H, 5-4. C, 9H,,0, 
requires C, 78-9; H, 5-3%). The acetyl derivative crystallised from alcohol in pale yellow plates, 
m. p. 93° (Found: C, 76-1; H, 5-4. C,,H,,O, requires C, 76-3; H, 5-2%). The dibromide, 
prepared in carbon disulphide solution, crystallised from alcohol—benzene in colourless prisms, 
m. p. 157° (Found: Br, 31-9. C,,H,,0,Br, requires Br, 31-6%). The orange-red mixture 
produced by adding caustic potash (2-2 g. in 6 c.c. of water) to a suspension of the dibromide 
(6-4 g.) in alcohol (30 c.c.) deposited after some hours a yellow solid (2-2 g.), which was not a 
single substance. Many crysiallisations from alcohol gave stout brownish-yellow needles 
(0-2 g.), m. p. 252° (decomp.) (Found: C, 79-4; H, 4-5. C,. 9H,,O,; requires C, 79-5; H, 4-6%). 
The substance was not identical with 2’-methoxynaphthaflavone (see later). 

@-1-Hydroxy-2-naphthoylacetophenone (II; R= Ph).—A mixture of 2-acetyl-l-naphthyl 
benzoate (5 g.), powdered sodamide (5 g.), and dry ether (66 c.c.) was shaken mechanically for 
5 hours and left over-night at room temperature (maximum temperature 22°). The yellowish- 
green precipitate, which darkened rapidly in air, was collected, washed with ether, and stirred 
immediately into dilute acetic acid; crystallisation of the product from acetone gave bright 
orange-yellow needles (1-5 g.), m. p. 147° (Found : C, 78-6; H, 5-0. C,.H,,O, requires C, 78-6; 
H, 4-8%). The yellow solution in sulphuric acid exhibits a bright green fluorescence, and an 
alcoholic solution gives a dark olive-green colour with ferric chloride. 

a-Naphthaflavone.—A solution of the above diketone (0-5 g.) in concentrated sulphuric acid 
(10 c.c.) was left for 10 minutes and then poured onice. The precipitate crystallised from alcohol 
in long, pale cream-coloured needles (0-4 g.), m. p. 157°, not depressed by admixture with the 
substance, pale yellow plates, m. p. 155°, prepared by the Robinson reaction (Bhullar and 
Venkataraman, J., 1931, 1165). 

2-Acetyl-1-naphthyl o-Methoxybenzoate.—o-Methoxybenzoic acid is obtained in 80% yield 
by methylating salicylic acid under the conditions described for 2: 4-dimethoxybenzoic acid 
(Robinson and Venkataraman, J., 1929, 62). The chloride (5 g.), obtained by means of thionyl 
chloride, was heated with 2-acetyl-1-naphthol (5 g.) and pyridine (10 c.c.) for 20 minutes on the 
water-bath, and the product shaken vigorously with dilute hydrochloric acid. The semi-solid 
mass was crystallised from alcohol, giving stout colourless needles, m. p. 115° (Found : C, 75:1; 
H, 5-0. Cy9H,,O, requires C, 75-0; H, 5-0%). 

«-1-Hydroxy-2-naphthoyl-o-methoxyacetophenone (II; R = 0o-CgH,OMe).—Contact of the 
ester (6 g.) with sodamide (12 g.) and ether (50 c.c.) during 12 hours (maximum temperature 23°), 
followed by 6 hours’ mechanical shaking, resulted in a dark green gel, which was collected, 
washed with ether, and decomposed with ice and acetic acid. The product crystallised from 
acetone in golden-yellow needles (1-5 g.), m. p. 113° (Found: C, 75-0; H, 4:9. CygH 46% 
requires C, 75-0; H, 5-0%). The colour reactions were similar to those of the previous diketone. 

2'-Methoxy-a-naphthaflavone.—When the diketone (0-9 g.) was boiled with absolute alcohol 
(100 c.c.) and sulphuric acid (d 1-84; 10 c.c.) for 90 minutes, the colour changed from deep 
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brown to pale yellow. Dilution with water gave a colourless precipitate, which crystallised from 
alcohol in long silky needles (0-7 g.), m. p. 164° (Found: C, 79-4; H, 4-8. C,,H,,O, requires 
C, 79-5; H, 46%). Demethylation with hydriodic acid and acetic anhydride or phenol did 
not lead to a homogeneous alkali-soluble substance (compare Robinson and Venkataraman,, 
loc. cit.). 

Dissolution of the diketone in concentrated sulphuric acid and addition to ice gave a yellow 
substance, which was insoluble in the common organic solvents. A clear solution was obtained 
when the substance was suspended in boiling glacial acetic acid and treated with an equal volume 
of water. On cooling, bright yellow needles separated, m. p. 326° (decomp.) (Found: S, 8-1; 
SO;H, by titration with standard caustic soda solution, 21-0. C..H,,O,S requires S, 8-2; 
SO3H, 21-2%). 

2-Acetyl-\-naphthyl 2 : 4-Dimethoxybenzoate.—Prepared, as in the case of the o-methoxy- 
benzoate, from 2-acetyl-1-naphthol (2-5 g.), 2 : 4-dimethoxybenzoy] chloride (2-7 g.), and pyridine 
(6 g.), and twice crystallised from alcohol, the substance formed colourless rectangular plates 
(2-0 g.), m. p. 126° (Found: C, 72-2; H, 4-8. C,,H,,0; requires C, 72-0; H, 5-1%). 

w-l'-Hydroxy-2'-naphthoyl-2 : 4-dimethoxyacetophenone [II; R = C,H,(OMe),].—A mixture 
of the above ester (1-4 g.), sodamide (2-8 g.), and ether (15 c.c.), kept at room temperature 
(maximum 39°), became yellow in 20 minutes and greenish-yellow after 8 days. The diketone 
separated from alcohol in long orange-yellow needles (0-4 g.), m. p. 133° (Found: C, 72-2; H, 4-7. 
C,,H,,0; requires C, 72-0; H, 5-1%). The substance fluoresced (brilliant green) in sulphuric 
acid. 

2’ : 4'-Dimethoxy-a-naphthaflavone.—The diketone (0-19 g.) was boiled with alcohol (12 c.c.) 
and concentrated sulphuric acid (1-5 c.c.) for 1 hour, and the solution poured into water. The 
product crystallised from alcohol in long, colourless, silky needles (0-13 g.), m. p. 214° (Found : 
C, 76-2; H, 4-5. C,,H,,O, requires C, 75-9; H, 4:8%). The colourless solution in sulphuric 
acid exhibited a bright green fluorescence. 

2-Acetyl-1-naphthyl O-Trimethyilgallate [I[; R = CgH,(OMe),].—The product obtained by 
heating 2-acetyl-1-naphthol (5 g.), trimethylgalloyl chloride (6-5 g.), and pyridine (13 g.) on the 
water-bath for } hour and pouring the mixture into water was washed with dilute hydrochloric 
acid, ice-cold aqueous caustic soda, and water, and crystallised from alcohol until it gave no 
ferric chloride coloration; the colourless needles (8 g.) melted at 143° (Found : C, 69-3; H, 5-4. 
C,,H,.0, requires C, 69-4; H, 5-2%). 

w-1'-Hydroxy-2'-naphthoyl-3 : 4 : 5-trimethoxyacetophenone [II; R = CgH,(OMe),].—A clear 
solution of the ester (3 g.) in toluene (50 c.c.) was mechanically shaken with sodamide (7 g.) for 
30 hours and kept at room temperature (maximum 19°) fora week. The viscous yellow gel was 
collected, washed with toluene, and triturated with ice-cold aqueous acetic acid. The product 
crystallised from alcohol in deep yellow needles (1-2 g.), m. p. 142° (Found: C, 69-2; H, 5-3. 
C..H yO, requires C, 69-4; H, 5-2%). The crystals were coloured orange by sulphuric acid ; 
unlike the previous diketones, the solution exhibited only a faint green fluorescence. The color- 
ation with ferric chloride was dark green as in the other cases. 

3’: 4’ : 5'-Trimethoxy-a-naphthaflavone.—Dissolved in sulphuric acid (10 c.c.) and, after 90 
minutes, added to ice, the diketone (0-7 g.) gave the naphthaflavone (0-6 g.), which crystallised 
from alcohol-acetic acid in pale yellow needles, m. p. 224° (Found : C, 72-8; H, 4-9. C,.H,,0; 
requires C, 72-9; H, 5-0%). 


We thank the Trustees of the Panjab Research Fund for the award of the Sir George Anderson 
Scholarship to one of us. 
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388. Synthetical Experiments in the Chromone Group. Part XV. A 
Synthesis of Formononetin, Daidzein, and 4-Baptigenin. 
By HARBHAJAN S. MAHAL, HARCHARAN S. Ral, and KRISHNASAMI VENKATARAMAN. 


By the method already described (this vol., pp. 513, 1120), namely, the action of sodium 
on a solution of an o-hydroxyphenyl benzyl ketone (I) in ethyl formate at a low temper- 
ature, the naturally occurring isoflavones formononetin, daidzein, and %-baptigenin have 
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now been synthesised in excellent yields (for previous syntheses, see Wessely, Kornfeld, and 
Lechner, Ber., 1933, 66, 685; Baker, Robinson, and a J., 1933, 274; Spath and 


OB =O FOr” 


Lederer, Ber., 1930, 63, 745). The formation of an a oxymethylene ketone, 
ring closure of which to the isoflavone is effected by mineral acid, has been postulated by 
Spath and Lederer, but it is now clear that the reaction proceeds directly to the tsoflavone. 


EXPERIMENTAL. 


2-Hydroxy-4-benzyloxyphenyl 4-Methoxybenzyl Ketone——A mixture of 2: 4-dihydroxy- 
phenyl 4-methoxybenzyl ketone (Baker and Eastwood, J., 1929, 1902) (1 g.), benzyl chloride 
(1 g.), anhydrous potassium carbonate (1-2 g.), and acetone (10 c.c.) was refluxed on the water- 
bath for 8 hours and poured into water. After 12 hours, the precipitate was collected and cryst- 
allised from alcohol, forming colourless needles (0-5 g.), m. p. 103°, which gave a deep red colour 
with alcoholic ferric chloride (Found : C, 75-7; H, 5-8. C,.H,., O, requires C, 75-9; H, 5-8%). 

O-Benzylformononetin (II; R = O-CH,Ph, R’ = OMe, R” = H).—The above ketone (6-3 g.) 
in ethyl formate (150 c.c.) was gradually added to sodium dust (4 g.) cooled by ice-salt. After 
12 hours, the pasty mass was added to ice, ethyl formate distilled, and the aqueous residue 
extracted repeatedly with ether. The extract was washed with ice-cold caustic soda solution, 
then with water, dried (magnesium sulphate), and evaporated. The residual oil solidified in 
contact with alcohol and three successive crystallisations from alcohol, glacial acetic acid, and 
ethyl acetate gave colourless, thin, elongated, hexagonal plates (3-0 g.), m. p. 182° (Found : 
C, 76-9; H, 5-1. C,,;H,,0, requires C, 77-0; H, 5-0%). The pale yellow solution in sulphuric 
acid exhibited no fluorescence. 

Formononetin (II; R = OH, R’ = OMe, R” = H).—Debenzylation of O-benzylformononetin 
gave colourless triangular plates, m. p. 257° (Found: C, 71-5; H, 4-5. Calc. for C,,H,,0,: 
C, 71-6; H, 45%). Wessely, Kornfeld, and Lechner (/oc. cit.) record the same m. p. The 
substance gave a yellow solution but no fluorescence in sulphuric acid, and no coloration with 
alcoholic ferric chloride. The acetyl derivative crystallised from alcohol in prismatic needles 
and colourless elongated rectangular plates, m. p. 170° (Found : C, 69-7; H, 4-8. Calc. for 
C,,H,,0;: C, 69-7; H, 4-5%). Hemmelmayr (Monaish., 1902, 23, 133) gives m. p. 164—-165° 
for the acetyl derivative prepared from natural ononin. 

Daidzein (Il; R, R’ = OH, R” = H).—A mixture of acetylformononetin (0-8 g.), acetic 
anhydride (16 c.c.), and hydriodic acid (d 1-7; 8 c.c.) was heated at 140° for 2 hours, cooled, 
and poured into saturated sodium bisulphite solution (100 c.c.). The product crystallised from 
alcohol in long, colourless, prismatic needles (0-5 g.), m. p. 322° after darkening above 310° 
(Found: C, 70-7; H, 3-6. Calc. for C,;H,,O,: C, 70-9; H, 39%). Daidzein from natural 
daidzin of Soja hispida (Walz, Annalen, 1931, 489, 118) melts at 315—320°, the m. p. also 
obtained by Baker, Robinson, and Simpson (loc. cit.) for their synthetic daidzein. Wessely, 
Kornfeld, and Lechner record m. p. 323°. The colour reactions with sulphuric acid and with 
ferric chloride were similar to those of formononetin. The alcoholic solution turned pale orange 
on treatment with magnesium and hydrochloric acid. The diacetyl derivative crystallised from 
alcohol in colourless needles and rhombohedral plates, m. p. 187° after sintering at 184° (Found : 
C, 67-3; H, 41. Calc. for C,H,,O,: C, 67-4; H, 41%). The diacetyldaidzein of Walz 
melted at 182°. The m. p.’s of synthetic flavones and flavonols are frequently higher than 
those of the natural substances (Robinson and Venkataraman, J., 1926, 2346). 

2-Hydroxy-4-benzyloxyphenyl 3 : 4-Methylenedioxybenzyl Ketone.—y-Baptigenetin (Spath and 
Schmidt, Monatsh., 1929, 58, 454) (12 g.), benzyl chloride (40 g.), fused potassium carbonate 
(22 g.), and acetone (120 c.c.) were heated on the water-bath for 8 hours, the acetone recovered, 
and the residue steam-distilled to remove benzyl chloride. One crystallisation of the product 
from alcohol gave colourless leaflets (7 g.), m. p. 94° after sintering at 86° (Found: C, 72-5; 
H, 4-9. C,,H,,0, requires C, 72-9; H, 49%), which developed a deep red colour with alcoholic 
ferric chloride. 

O-Benzyl-4-baptigenin (II; R = O-CH,Ph, R’R” = O,CH,).—The above ketone (3 g.) in 
ethyl formate (50 c.c.) was treated with sodium dust (1-5 g.) (see O-benzylformononetin). 
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The yellow amorphous solid (2-9 g.) obtained after ice treatment was washed with water and 
crystallised from alcohol-acetic acid and from alcohol, giving colourless prismatic needles, 
m. p. 168° (Found: C, 74-0; H, 3-9. C,3H,,O,; requires C, 74-1; H, 43%). The crystals 
were coloured deep brown by sulphuric acid and the pale brown solution exhibited a weak violet 
fluorescence. 

¢-Baptigenin.—Debenzylation of the benzyl ether (1-6 g.) and two crystallisations of the 
product from alcohol gave colourless microscopic needles (0-8 g.), m. p. 292—293° (Spath and 
Lederer; 298—299° in a vacuum) (Found: C, 68-0; H, 3-4. Calc. for C,,H,,O;: C, 68-1; 
H, 35%). Further crystallisation did not raise the m. p. The substance darkened rapidly 
above 288° and melted to a dark red liquid. Gorter (Arch. Pharm., 1897, 235, 494) cites 
303—304° as the m. p. of ¥-baptigenin from y-baptisin of Baptisia tinctoria. The crystals were 
coloured green by sulphuric acid and the pale yellow solution did not fluoresce. Ferric chloride 
imparted no colour to the alcoholic solution, The acetyl derivative crystallised from alcohol in 
small curved needles, m. p. 176° (Gorter, Joc. cit., gives 173°) (Found: C, 66-7; H, 3-9. Calc. 
for C,,H,,0,: C, 66-6; H, 3-7%). 


FORMAN CHRISTIAN COLLEGE, LAHORE, [Received, July 23rd, 1934.] 





389. Periodic Acid and Periodates. Part IV. The Reactions of Di- 
sodium Paraperiodate with Soluble Salts of Zinc and Metals of 
the Alkaline Earths. 


By JAMEs R. PARTINGTON and RAMA K. BaAuL. 


RAMMELSBERG (Ann. Physik, 1868, 134, 368; 1869, 137, 305) and Langlois (Ann. Chim. 
Phys., 1852, 34, 257) investigated a series of periodates prepared by the reaction of 
soluble metallic salts with sodium periodate. Rammelsberg’s zinc salt had the composition 
5ZnO,21,0,,14H,O, and he also prepared a barium salt, Ba,I,O,, and a calcium salt, 
Ca(IO,),; Langlois isolated Ca,I,0, with 7 or 9H,O, by a different method, and also a 
strontium salt, Sr,I,0,. We have been unable to obtain any of these salts. 

In all cases it was necessary to boil an excess of a concentrated solution of the metal 
salt with solid disodium paraperiodate, since the solubility of the latter is very small and 
a precipitate of the salt produced by interaction could not be obtained in the cold. The 
precipitates were dried at 85°, the metal was determined gravimetrically (zinc as oxide, and 
calcium and barium as sulphates), and iodine by the modified Kimmins method (see Part 
I; this vol., p. 1086). The oxygen values were determined as described in Part I. 

In this way we prepared the salts 4ZnO,I,0,,5H,O and 2CaO,I,0,,4H,O, which are of 
reproducible and constant composition and show a crystalline structure under the micro- 
scope. No definite strontium compound was produced, the composition of the product 
being different in different samples (see analyses). The composition of the barium salt, 
although reproducible, did not correspond with a simple formula, but with 
2:3Ba0,I,0,,3H,0. 


Zinc salt (4ZnO,1,0,,5H,O requires I, 32°49; Zn, 33°47; available O,* 14°32%). 


Sample. A. B. C. D. Mean. 
Bed TEE; bs cde dqugiaveednis ieetwanes 33°52 33°55 33°54 33°79 33°60 
NE Diisinsconnsehseexerndiaswessas 34°45 34°42 34°04 34°77 34:42 
WELT sentiscnneeincsstatasbenves 14-01 14-05 13°80 — 13°95 


Calcium salt (2CaO,I,0,,4H,O requires I, 46°18; Ca, 14°54; available O, 20-03%). 


Sample. A, B. C. Mean. 
B, % aveciacocespeccoseccosocevevecees 46°60 46°01 46°32 46°31 
Ca, Th conccennenpoenssensoncepenses 15°23 15°13 15°44 15°26 
Oe Wisersvacesconmevactonncedg revert 19°88 20°01 20-03 19°97 


* For each salt, 1,0, is assumed to give 3}O, on decomposition. 
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Barium salt (2°3Ba0,1,0,,3H,O requires I, 32°86; Ba, 40°89; available O, 14-46%). 


Sample. A. B. C. Mean. 
By Sh sicseessahonapsoucteieswensesiens 33°13 32°86 33°54 33°17 
es, ey Heiestcndsianeadncsemsenencad 41°50 41-00 40°23 40-90 
GU, Fi inenavscsnasssdsresiewnoenesacses 13°72 14:05 13°74 13°83 


Strontium salt. 


Sample. A. B. C. D. E. 
BE dincescesekesiscsencsias 33°58 37°19; 36°56 32-29 31°90; 31°94 32°60 
Hey eseusinviccsvevsecesises 32°35 29°35; 29°38 30°52 33°62; 32-92 33°83 
O, % cccccscecccccccccececese 10°65 14°40 1401 _ _— 
East LONDON COLLEGE, UNIVERSITY OF LONDON. [Received, June 21st, 1934.] 





390. Studies in Electrolytic Oxidation. Part V. The Formation of 
Hydrogen Peroxide by Electrolysis with a Glow-discharge Anode. 


By S. GLASSTONE and A. HICKLING. 


In the previous parts of this series (J., 1932, 2345, 2800; 1933, 829; this vol., p. 10) it 
has been suggested that certain electrolytic oxidation reactions in aqueous solution involve 
the primary formation of hydrogen peroxide by the irreversible union in pairs of discharged 
hydroxyl ions. Detection of the hydrogen peroxide by analytical methods is not usually 
possible, and in the few cases in which it has been found it may have arisen by secondary 
chemical reactions; the only unequivocal result seems to be that of Riesenfeld and 
Reinhold (Ber., 1909, 42, 2977), who obtained the peroxide by the electrolysis of potassium 
hydroxide solution at low temperature. In Part I the difficulty of detecting the peroxide 
was attributed to its formation at high concentration in contact with a large surface of 
metal, probably locally heated, which is a good catalyst for its decomposition. If this is 
so, it should be possible to identify the peroxide, provided an electrolysis could be carried 
out without any electrode material being in contact with the electrolyte. In this con- 
nexion it is of interest that Rodebush and Wahl (J. Chem. Physics, 1933, 1, 696) obtained 
large quantities of hydrogen peroxide by passing an electrodeless discharge through 
water vapour at reduced pressure; it was not obtained, however, if metals were introduced 
into the vapour. By elimination of various mechanisms, these authors concluded that the 
peroxide was formed directly by the union of discharged hydroxyl ions, a view identical 
with that put forward previously by us for aqueous solutions. 

It appeared probable that a glow-discharge anode would provide the necessary conditions 
for our purpose, and, in fact, the observations of Makowetsky (Z. Elektrochem., 1911, 17, 
217) and of Haber and Klemenc (ibid., 1914, 20, 485) indicate that, with such an anode 
placed above the surface of an electrolyte, the peroxide is formed in certain circumstances. 
We have now made a series of experiments with such an anode, using a number of very 
dilute electrolytes, and in all cases the formation of hydrogen peroxide, in amounts approx- 
imating to those required by Faraday’s laws, has been observed. 


EXPERIMENTAL. 


The electrolytic vessel consisted of a small filter flask, forming the anode compartment, 
into which was inserted through a rubber stopper the cathode vessel consisting of a wide tube, 
closed at the bottom with a tight plug of filter paper, and fitted with a side arm. The anode 
and cathode were made of nickel wire (S.W.G. 18), the position of the anode being such that its 
lower end was about 3 mm. above the surface of the liquid. 100 C.c. of anolyte were used in 
each experiment, and sufficient electrolyte was introduced into the cathode vessel to make good 
contact with the electrode. The side tubes of anode and cathode compartments were con- 
nected through a Y-tube to a manometer and water-pump; a pressure of about 15 mm. of 
mercury was maintained in the apparatus during the electrolyses. The electrolytes used were 
boiled out before electrolysis in order to remove dissolved air, Direct current at a pressure of 
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about 700 volts was supplied from a rectifier working on the A.C. mains, and led to the apparatus 
through a calibrated milliammeter and a variable resistance. The discharge was started by 
tilting the apparatus so that the anode came momentarily into contact with the surface of the 
electrolyte; a steady current could then be maintained with only occasional adjustment of 
the rheostat. During the electrolyses the cell was cooled in ice. ° 

Results.—In a preliminary experiment, 0°05N-sulphuric acid was electrolysed for 30 minutes 
with a current of 0°075 amp. The resulting solution liberated iodine slowly from potassium 
iodide, gave a strong yellow coloration with titanium sulphate, produced a blue colour with 
chromic acid and ether, and decolorised permanganate immediately. On rendering it alkaline 
with caustic soda and boiling for one minute, effervescence was observed and the solution lost 
its oxidising power completely. Powdered manganese dioxide, cobalt sesquioxide, and pre- 
cipitated silver also decomposed the solution with effervescence, so it is evident that it con- 
tained hydrogen peroxide. 

For the quantitative experiments, various electrolytes were used, the solutions being as 
dilute as it was possible to employ for the necessary current to flow; in each case a current of 
0°05 amp. was passed for 965 secs., giving 0°0005 faraday. After electrolysis, the presence of 
hydrogen peroxide was established by the reaction with titanium sulphate solution, and then 
measured portions of the electrolyte were titrated with 0°01N-permanganate. The following 
results for the current efficiencies (%) of hydrogen peroxide formation were in general reproduc- 
ible to within 1—2%: 0°05N-H,SO,, 75; 0°05N-HCIO,, 52; 0°10N-H,PO,, 69; 0°10N-NaF, 
79; 0-05N-K,SO,, 98; 0°10N-KH,PO,, 93; 0°10N-Na,S,O0,, 100. The salt solutions, which 
were initially neutral, were acid after the electrolysis, showing that hydroxyl ions had been 
discharged. 


Discussion.—The results show that in all the electrolyses hydrogen peroxide is formed in 
quantity, and it is probable that it arises by the union of hydroxyl radicals formed at the 
electrolyte surface by the discharge of hydroxylions. Since the peroxide is not formed in 
direct contact with a metal, it is not decomposed but persists in the electrolyte. It might 
be considered that the peroxide is formed by the action of the electrical discharge on the 
water vapour, although it does not appear probable that any peroxide formed in this way 
could exist for more than a very short period in the vicinity of the hot electrode (see 
Rodebush and Wahl, Joc. cit.), nor would it be likely to enter the solution under the con- 
ditions of constant evacuation. Nevertheless, the possibility was tested and excluded by 
electrolysing 0-05N-sulphuric acid with the gas-discharge electrode as cathode, for under 
these conditions no trace of hydrogen peroxide was detected. The possibility that hydrogen 
peroxide arises by secondary reactions in all the solutions used appears too remote to merit 
further consideration. 


The authors thank the Department of Scientific and Industrial Research for a grant. 


THE UNIVERSITY, SHEFFIELD. (Received, October 10th, 1934.] 





391. New Methods in Stereochemistry. Part I. A New Method 
for preparing Pure d- and |-Borneol. 


By JoHN CLARK and JOHN READ. 


THE purification of crude d- or /-borneol, obtained directly from natural sources or by 
reducing d- or /-camphor, usually falls into two stages: (a) the separation of borneol 
from isoborneol, and (b) the stereochemical purification of the resulting borneol. This 
problem has been examined in detail by Haller (Ann. chim., 1892, 27, 392), Tschugaev 
(J. Russ. Phys. Chem. Soc., 1904, 36, 1096), McKenzie (J., 1907, 91, 1225; Biochem. Z., 
1929, 208, 474), Pickard and Littlebury (J., 1907, 91, 1974), Ikeda and Fujita (Bull. Inst. 
Phys. Chem. Research, Tokyo, 1928, 7, 48), and others. 

We now show that crude d- and /-borneol may be effectively purified by a species of 
auto-catalytic process, fundamentally similar to the optical resolution of d/-menthol by 
means of an initial quantity of /-menthol (Read and Grubb, J. Soc. Chem. Ind., 1932, 51, 
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329T). Thus, a specimen of commercial d-borneol, m. p. 200—201°, [a]p + 21-5° (alcohol), 
was converted into impure d-bornoxyacetic acid; the impure d-bornyl d-bornoxyacetate 
obtained by esterifying this acid with some of the original d-borneol yielded stereochemically 
pure d-bornyl d-bornoxyacetate when fractionally recrystallised; and upon differential 
hydrolysis this ether-ester yielded pure d-borneol, m. p. 204-5—205°, [a]p + 37-6° (toluene), 
and pure d-bornoxyacetic acid, m. p. 76°, [«]p + 59-1° (alcohol). In the following summary 
of the processes, R represents the bornyl radical : 
Na (pyridine) CH,CI-CO 
R’ “OH (impure) ————->~ am —> Rt-0-CH,° oe ag R*-O-CH,°CO,H 
H (impure 


—> R*-O- ‘CH, ‘COC ——_ R*-O-CH,°CO,R* (impure) =, Rt-O-CH,°CO,R* 
hydrolys 
(pure) =—, R*-OH (pure) + R*t-O-CH,°CO,H (pure). 


The pure d-bornoxyacetic acid may be recovered and used repeatedly in an improved 
rocess. 

; In a similar way, pure /-borneol, m. p. 205°, [«]» — 37-9° (toluene), and pure /-bornoxy- 

acetic acid were prepared from a specimen of commercial /-borneol having m. p. 190—197°, 

[«]» — 33-6° (alcohol). 

In both instances, the only fundamental stereochemical agent required is some of the 
impure alcohol which it is desired to purify in bulk. The results indicate that the complete 
optical resolution of indefinite quantities of dl-borneol could probably be effected by the 
successive application of limited amounts of d- and /-bornoxyacetic acid, prepared in turn 
from commercial specimens of d- and /-borneol (compare Read and Grubb, loc. cit., p. 3307). 
The method permits also of the preparation of stereochemically pure /-camphor from com- 


mercial /-borneol. 
EXPERIMENTAL. 


Preparation of Pure d-Borneol.—(1) Owing to the high melting point of borneol it was 
necessary to use a solvent in preparing sodium bornoxide (compare sodium menthoxide; /. 
Soc. Chem. Ind., 1932, 51, 330T). Sodium (5 g.) was added to a solution of commercial d-borneol 
(35 g.; m. p. 200—201°, [a]p + 21-5°, c 2-5, absolute alcohol) in dry pyridine (85 c.c.) boiling 
under reflux; solution was complete in 20 minutes. Chloroacetic acid (10 g.) was added gradu- 
ally, frequent shaking causing the sodium salt to separate as a smooth paste. After 14 hours’ 
heating (wire gauze), the mixture was poured into an excess of dilute sulphuric acid. The acid 
liquor was extracted with ether. The ether was washed with water, alkali, and water, dried 
over sodium sulphate, and distilled, the unused borneol being thereby recovered. The alkaline 
washing was mixed with the succeeding water washing and acidified : crude d-bornoxyacetic 
acid separated as an oil, which was extracted with ether. Three such preparations yielded 
32 g. of impure d-bornoxyacetic acid, m. p. 70—72°, [a]p + 34-0° (c 2-0, alcohol); unused 
borneol was recovered almost quantitatively (79 g.). 

A solution of the above impure d-bornoxyacetic acid (28 g.) in thionyl chloride (35 c.c.) was 
warmed for an hour on the water-bath; the excess of thionyl chloride was then distilled away. 
The crude d-bornoxyacetyl chloride (29-6 g.) distilled at 130—135°/13 mm. 

The acid chloride (29-5 g.) was added to a solution of the above commercial d-borneol 
(18-5 g.) in dry pyridine (50 c.c.). On the following day the mixture was poured into an excess 
of dilute sulphuric acid. The ethereal extract of the precipitated ester was washed twice each 
with acid, alkali, and water. The recovered ester was steam-distilled for 30 minutes to remove 
unchanged borneol; it was then redissolved in ether, dried, and isolated (35 g.): it had [«]p 
+ 47-0° (c 2-0, chloroform), and melted indefinitely at about 70°. 

The crude ester was very soluble in most of the ysual organic solvents. It was recrystallised 
twice from a mixture of methyl alcohol (2 parts) and water (1 part), and then three times from 
methyl alcohol, until the specific rotatory power of the crystalline separation was the same as 
that of the residue in the mother-liquor; the yield was 27% of the original crude ester. Pure 
d-bornyl d-bornoxyacetate forms small transparent prisms, m. p. 72°, [«]p + 63-3° (c 2-0, chloro- 
form) (Found: C, 75-6; H, 10-5. C,,H3;,O, requires C, 75-8; H, 10-4%). 

The ester (7-8 g.) was completely hydrolysed when heated for 2 hours with 1% alcoholic 
potassium hydroxide (200 c.c.). The resulting d-borneol, after isolation by steam distillation 
and extraction with ether, had m. p. 204-5—205°, [a]p + 37-6° (c 5-9, toluene) : it was therefore 
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stereochemically pure (Biochem. Z., 1929, 208, 474). Pure d-bornoxyacetic acid was obtained by 
extracting the acidified non-volatile residue with ether; after distillation at 0-65 mm. from a 
bath at 150°, it formed transparent prisms, m. p. 76°, [«]p + 59-1° (c 2-0, alcohol) (Found : 
C, 68:3; H, 9-1. C,,H,.O,; requires C, 67-9; H,9-4%). Itis too soluble in the ordinary organic 
solvents to permit of recrystallisation; it dissolves only slightly in water. 

(2) In a similar way, a specimen of commercial d-borneol having m. p. 203—204°, [a]p 
+ 28-4° (c 2-6, alcohol), yielded an impure d-bornoxyacetic acid with m. p. 71—72°, [a]p + 45-8° 
(c 2-0, alcohol). The derived impure d-bornoxyacetyl chloride reacted in dry pyridine with 
pure /-menthol to yield a stereochemically impure l-menthyl d-bornoxyacetate, [a]p — 17-9° 
(c 2-0, chloroform), as a mobile oil (Found: C, 75-0; H, 10-6. C,,H;,0, requires C, 75-4; 
H, 10-8%). 

Preparation of Pure 1-Borneol_—The commercial /-borneol used in this work had m. p. 
190—197°, [«]p — 33-6° (c 4-7, alcohol). 

(1) When treated in pyridine with impure d-bornoxyacety] chloride made from commercial 
d-borneol having [«]p + 28-4° (c 2-6, alcohol), the above impure /-borneol yielded an impure 
l-bornyl d-bornoxyacetate: this was a solid with an indefinite melting point, [a]) — 15-0° 
(c 2-0, chloroform), and was too soluble to admit of purification by fractional crystallisation. 
This result indicates that commercial d-borneol cannot be used, according to the method now 
adumbrated, for purifying commercial/-borneol. Accordingly, commercial /-borneol was applied 
as below. 

(2) Commercial /-borneol, [a]) — 33-6° (c 4-7, alcohol), was converted into impure /-bornoxy- 
acetic acid, according to the method described above for the impure d-acid : the acid had m. p. 
72—73°, [a]p — 53-1° (c 2-0, alcohol), and was too soluble to permit of recrystallisation. The 
corresponding crude |-bornoxyacetyl chloride distilled at 140—143°/17 mm. (Found: C, 62-6; 
H, 8-5. C,.H4,0,Cl requires C, 62-5; H, 8-3%). 

When esterified in dry pyridine with some of the original commercial /-borneol, this acid 
chloride yielded impure /-borny]l /-bornoxyacetate, m. p. 55—60°, [a]p — 57-6° (c 2-0, chloro- 
form). Four recrystallisations from methyl alcohol gave a 37% yield of pure /-borny] /-bornoxy- 
acetate, m. p. 72°, [a]p — 63-3° (c 2-0, chloroform). Hydrolysis with 1% alcoholic potassium 
hydroxide, in the way described above, furnished pure /-borneol, m. p. 205°, [a]p — 37-9° (c 4-2, 
toluene), and pure /-bornoxyacetic acid, m. p. 76°, [«]p — 59-0° (c 2-0, alcohol). 

The purification of commercial specimens of d- and /-borneol by the above method may be 
greatly facilitated by the direct application of pure d- and /-bornoxyacety] chloride, respectively, 
in preparing the requisite crystalline esters. 

Attempted Use of \-Menthoxyacetic Acid in preparing Pure d- and 1-Borneol.—l-Menthoxy- 
acetyl chloride (J. Soc. Chem. Ind., 1932, 51, 330T) reacted in pyridine with commercial d- 
borneol, [«]p + 28-4° (c 2-0, alcohol), to yield the corresponding stereochemically impure d-bornyl 
l-menthoxyacetate : this distilled from a bath at 206—208° under 0-5 mm. as a mobile oil with 
[%]p — 37-7° (c 2-2, chloroform), nj>" 1-4803. 

Similarly, commercial /-borneol, [a]p — 33-6° (c 4-7, alcohol), yielded stereochemically 
impure 1-bornyl. 1-menthoxyacetate as a viscid liquid, with [a]) — 76-1° (c 2-7, chloroform), n}}" 
1-4805 (Found: C, 75-8; H, 10-7. C,,H,,0, requires C, 75-4; H, 10-9%). 

Thus, the /-menthoxyacetic esters cannot be applied effectively in purifying such specimens 
of d- or /-borneol. 


We thank the Carnegie Trust for the Universities of Scotland for the award of a Fellowship 
to one of us (J. C.). 


THE UNIVERSITY, ST. ANDREWS. [Received, August 29th, 1934.] 





392. New Methods in Stereochemistry. Part II. New Ways of 
resolving dl-Menthol. 


By JouNn CLarK and JOHN READ. 


THE successful use of /- and d-menthoxyacetic acid as resolving agents for externally 
compensated menthols (Read and Grubb, J. Soc. Chem. Ind., 1932, 51, 3297; J., 1933, 
167) suggested an examination on similar lines of the related 1-menthylglycine. As 
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shown below, esters of this acid are readily prepared by the following general series of 


reactions, 
R-OH (heat) CypHyy"NH, (140°) 
CH,Cl-COC1 ————> CH, Cl-CO,R * Cy 9H y9*NH-CH,°CO,R 


hydrogen chloride being produced at each stage. If R-OH is d/-menthol, the final product 
may be represented as R~-NH’CH,°CO,R* + R~NH-CH,°CO,R~. The first of these 
substances, d-menthyl 1-menthylglycine, m. p. 82°, [«]» — 2-0° (chloroform), may be easily 
separated by fractional crystallisation from the accompanying 1l-menthyl |-menthylglycine, 
m. p. 63°, [«]» — 105-3°. Hydrolysis with alcoholic alkali then yields pure d-menthol 
and /-menthylglycine. 

Furthermore, these esters form crystalline salts with acids, and fractional crystallisation 
of the mixed sulphates leads rapidly to the isolation of pure l-menthyl 1-menthylglycine 
sulphate (m. p. 191°), which yields pure /-menthol when hydrolysed. These simple 
operations furnish a rapid and complete optical resolution of d/-menthol. The actual 
yields obtained in a particular experiment were 55-9% and 65-2% of the calculated amounts 
of d- and /-menthol, respectively. 

The melting points and specific rotatory powers of the d- and /-menthyl esters of /- 
menthylglycine, R-NH-CH,°CO,R, approximate closely to the values for the corre- 
sponding esters of /-menthoxyacetic acid, R-O*CH,°CO,R (J. Soc. Chem. Ind., 1932, 
51, 330r), thus illustrating the structural similarity of the groups ‘NH: and -O-. 

Unlike the esters of /-menthoxyacetic acid, however, the above esters of /-menthyl- 
glycine may be acylated. The acyl derivatives resemble the parent esters and their salts 
in their marked capacity for crystallising. Thus, di-menthyl N-acetyl-/-menthylglycine, 
C49Hy9*N(COMe)-CH,°CO-O-C,,Hj9, furnishes the pure d-menthyl ester, m. p. 95°, when 
fractionally crystallised from methyl alcohol, and this ester when hydrolysed yields pure 
d-menthol; the accompanying N-acetyl-l-menthylglycine, m. p. 154°, may be recovered 
quantitatively and used again. 

The following summary shows that the general effect of acylating these esters is to raise 
the melting point and displace the specific rotatory power in the positive direction : 

/-Menthy] /-menthylglycine. d-Menthy] /-menthylglycine. 
Acyl group. . p. [a]p. M. p. falp. 

—105°3° 82° — 2-0° 

— 50°9 95 +241 

— 60°8 106—107 + 86 
p-Nitrobenzoyl — 51:0 146 +13°0 
3 : 5-Dinitrobenzoyl — 23°7 131 +38°0 
A noteworthy point of practical interest in connexion with derivatives of menthoxyacetic 
acid and menthylglycine is that the stability towards alcoholic alkali increases on passing 
from the group -O-CH,° through -NH-CH,° to -"N(COR)-CH,.. 

It is evident that /-menthylglycine is a valuable substance for use in the optical resolution 
and general characterisation of alcohols. Its esters, even with simple alcohols of low 
molecular weight, yield crystalline acyl derivatives and salts; for example, the dl-sec.- 
butyl ester forms a crystalline p-nitrobenzoyl derivative and sulphate. Moreover, /- 
menthylglycine esters constitute a new series of optically active bases; while /-menthylgly- 
cine and its acyl derivatives are stable, optically active acids. All these substances have a 
pronounced capacity for crystallising and giving rise to crystalline derivatives. Together 
with certain analogous series now under investigation, derived from bases other than 
l-menthylamine, they offer great promise as useful stereochemical agents. 

In a related research, phthalo-l-menthylamic acid, HO,C-CgHyCO-NH°-C,,Hj, was 
prepared, with the object of applying it as an optically active acid in the resolution of 
externally compensated alcohols and bases. It is a readily accessible and well-defined 
substance; but its use is handicapped by the ease with which it is dehydrated in esterific- 


ation processes, to form phthalo-l-menthylimide. 


EXPERIMENTAL. 


1-Menthylglycine and Derivatives.—(1) Ethyl \-menthylglycine. Ethyl] chloroacetate (1-8 g.) 
was added to a dry solution of /-menthylamine (from 5-5 g. of the hydrochloride) in benzene and 
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heated for 7 hours; the benzene was then distilled away. The residual mixture of /-menthyl- 
amine hydrochloride and ethyl /-menthylglycine was separated by treatment with water and 
ether, the ethereal extract being washed with dilute acid before distillation. The purified ester 
(2-2 g.) was a colourless liquid, b. p. 139°/10 mm.; it had [a]p — 56-1° (c 2-0, chloroform), 
nie 1-4642. 

(2) 1-Menthyl 1-menthylglycine. A solution of /-menthol (34 g.) and chloroacetyl chloride 
(25 g.; 1:02 mols.) in dry benzene was boiled under reflux, in an apparatus closed with calcium 
chloride tubes, until hydrogen chloride ceased to be evolved (5—6 hours). The benzene solution 
was washed successively with water, sodium hydroxide solution, and again with water; it was 
then dried over sodium sulphate and fractionally distilled. The resulting /-menthyl chloro- 
acetate (47°5 g.; 98% yield) crystallised in the receiver, and had b. p. 136°/13 mm., m. p. 
39—40°, [a]p — 77-5° (c 2-0, chloroform) (compare Einhorn and Jahn, Arch. Pharm., 1902, 
240, 644; Tschugaev, J]. Russ. Phys. Chem. Soc., 1902, 34, 606; Frankland and Barrow, J., 
1914, 105, 990). 

l-Menthy] chloroacetate (47-5 g.) was added to dry benzene containing an excess of /-menthyl- 
amine (from 140 g. of the hydrochloride), the benzene was distilled off, and the residue was 
heated for 6 hours at 140° in an apparatus closed by soda-lime tubes. The cold mixture of base, 
hydrochloride, and ester was then poured into an excess of dilute sulphuric acid and extracted 
twice with chloroform. Unchanged /-menthylamine was recovered from the acid liquor. The 
chloroform solution was washed six times with water to remove all retained /-menthylamine 
sulphate, once with sodium carbonate solution to ensure that no sulphuric acid remained in 
combination with the ester, and finally with water. The ester (70 g.; 95-6% yield), which 
was left upon distilling the chloroform solution, crystallised from methyl alcohol in stout prisms. 
The purified l-menthyl l-menthylglycine melted at 63°, and a chloroform solution (c 2-0) 
gave the following polarimetric values at 19-6°: [a]o — 82-5°, [a]p — 105-3°, [a] 5463 — 124-3°, 
[a]p — 160-4° (Found : C, 75-1; H, 11-7. C,,H,,O,N requires C, 75-2; H, 11-6%). 

The N-acetyl derivative is a colourless syrup, having [a]p — 50-9° (c 2-0, chloroform), 
nj 1-4821. The N-benzoy]l derivative separates from methy] alcohol in small glistening prisms, 
m. p. 96°, [a]g — 50-1°, [a]p — 60-8°, [a]51¢, — 70-7°, [a]p — 88-9° (c 2-0, chloroform; ¢ 18-5°). 
The N-p-nitrobenzoyl derivative crystallises from methyl alcohol in coarse transparent prisms, 
with a faint green tinge, m. p. 146°, [«]) — 51-0° (c 2-0, chloroform) (Found : C, 69-7; H, 8-7. 
Cy9H,,0O,;N, requires C, 69-6; H, 8-8%). The N-3: 5-dinitrobenzoyl derivative separates from 
methyl alcohol in felted needles with a faint yellow tinge, m. p. 170°, [a]p — 23-7° (c 2-0, 
chloroform). 

The sulphate was prepared by shaking a chloroform solution of the ester with an excess of 
dilute sulphuric acid. The residue obtained upon distilling the dried chloroform crystallised 
from rectified spirit in long slender needles, m. p. 191°, [a]p — 93-0° (c 2-0, chloroform) [Found : 
C, 66-3; H, 10-7. (C.2.H,,O.N),,H,SO, requires C, 66-0; H, 10-5%]. The sulphate is practi- 
cally insoluble in water, acetone, ether or light petroleum, slightly soluble in cold methyl or ethyl 
alcohol, and moderately soluble in chloroform or benzene. The hydrochloride was prepared 
similarly; it forms fine needles, m. p. 69°, [«]p — 77-7°. The oxalate, formed by dissolving 
oxalic acid (0-9 g.) in a warm chloroform solution of the ester (3-5 g.), crystallises from rectified 
spirit in long colourless needles, m. p. 168-5°, [a]p — 76-4° (Found: C, 65-1; H, 9-7. 
C,.H,,0O,N,C,H,O, requires C, 65-3; H, 9-8%). 

(3) d-Menthyl |-menthylglycine. di-Menthylglycine chloroacetate, prepared from d/-menthol 
by the method described above for the /-menthyl ester, was obtained as a liquid, b. p. 130°/9-5 
mm., n}” 1-4671. This ester (100 g.), when heated with /-menthylamine (250 g.; 3-4 mols.) 
at 120—130° for 6 hours (vide supra), yielded crude d/-menthy] /-menthylglycine (150 g.) asa hard 
waxy solid, with an indefinite melting point, and having [«]p — 43-0° (c 2-0, chloroform). The 
product crystallised readily from methyl alcohol, and after six fractional recrystallisations 
furnished pure d-menthyl l-menthylglycine (32-7 g.; 43-6% yield) in large prisms, m. p. 82°, 
[«]p — 2-0° (c 2-0, chloroform) (Found: C, 75-2; H, 11-5. C,.H,,O,N requires C, 75-2; H, 
11-6%). The observed values of [«] were sensibly constant between the C and F lines. 

The N-acetyl derivative crystallises from methyl] alcohol in small felted needles, m. p. 95°, 
[%]p + 24-1° (c 2-0, chloroform) (Found: C, 73-1; H, 10-7. C,,H,,0,N requires C, 73-3; H, 
10-9%). The N-benzoyl derivative separates from aqueous methyl] alcohol in small needles, 
m. p. 106—107°, [a]p + 8-6°. The N-p-nitrobenzoyl derivative crystallises from methyl alcohol 
in handsome prismatic needles with a greenish-yellow tinge, m. p. 146°, [a]p + 13-0° (Found : 
C, 69-4; H, 8-8. CygH,,O;N, requires C, 69-6; H, 8-8%). The N-3 : 5-dinitrobenzoyl deriv- 
ative forms soft, faintly yellow needles, m, p. 131°, [«]p + 38-0°. 
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The sulphate crystallises from ethyl acetate in fine needles, m. p. 176°, [«]p + 3-7° (c 2-0, 
chloroform). 

(4) N-Acetyl-l-menthylglycine. 1-Menthyl /-menthylglycine (24 g.) was warmed on the water- 
bath for 4 hours with a mixture of pyridine (10 c.c.) and acetic anhydride (20 c.c.). After 
treatment with water and sodium carbonate solution the crude /-menthyl N-acetyl-/-menthyl- 
glycine was hydrolysed by boiling it for 2 hours with a solution of potassium hydroxide (4-5 g. ; 
1-2 mols.) in absolute alcohol (450 c.c.). After steam distillation the aqueous residue was 
extracted with ether, to remove any unhydrolysed material, and then acidified. The resulting 
N-acetyl-l-menthylglycine (14-7 g.) crystallised from rectified spirit in slender needles, m. p. 

154°, [a]p — 43-6° (c 2-0, chloroform) (Found: C, 65-8; H, 9-8. C,,H,,0,N requires C, 65-9; 
H, 9-8%). The substance is very stable towards acid or alkali, being attacked only very slowly 
by hot 50% sulphuric acid or 10% sodium hydroxide solution; it is almost insoluble in cold 
water, but dissolves appreciably in hot water. 

(5) N-Benzoyl-l-menthylglycine. 1-Menthyl benzoyl-/-menthylglycine (6 g.) was hydrolysed 
with hot 2% alcoholic potassium hydroxide (60c.c.). N-Benzoyl-l-menthylglycine (4 g.), isolated 
as in (4) above, formed a thick syrup, which crystallised from ether—light petroleum in coarse 
prisms, m. p. 118°, [«]p — 73-5° (Found: C, 71-7; H, 8-5. Cj gH,,O,N requires C, 71-9; H, 
8-5%). The acid is insoluble in water. 

(6) 1-Menthylglycine. The alkaline solutions obtained in the hydrolysis of /- or d-menthy] 
l-menthylglycine (vide infra) gave no precipitate when acidified. Upon concentrating such a 
solution to half bulk, saturating it with carbon dioxide, and keeping it over-night, a crystalline 
separation of l-menthylglycine was obtained. This crystallised from warm water, in which it was 
moderately soluble, in small glistening prisms, m. p. 191°, [a]p — 61-5° (c¢ 2-0, chloroform) 
(Found : C, 67-5; H, 10-8. C,,H,,0,N requires C, 67-6; H, 10-8%). The substance decom- 
poses upon melting, with the formation of N-methyl-/-menthylamine and carbon dioxide. 

Optical Resolutions of dl-Menthol by Means of 1-Menthylglycine.—(1) Isolation of d-menthol 
through dl-menthyl |-menthylglycine. Six fractional crystallisations of crude d/-menthyl /- 
menthylglycine from methyl alcohol furnished pure d-menthy] /-menthylglycine in a yield of 
43-6% of the calculated amount (see under 3, above). This ester (10 g.) was heated under reflux 
for 2 hours with 1% alcoholic potassium hydroxide (250c.c.; 1-25 mols.). The excess of alkali 
was almost neutralised, and the d-menthol was isolated by steam-distillation, followed by 
extraction with ether in the usual way. The d-menthol (3-8 g.) had b. p. 98°/12 mm., m. p. 
42—43°, [a]p + 50-6° (c 2-0, alcohol). The yield was 36-6% of the possible amount, based upon 
the di-menthol used: this was a commercial specimen (Bush), m. p. 28-8—31-2° (1° per 
minute). 

(2) Isolation of d- and 1-menthol through dl-menthyl |-menthylglycine and its sulphate. Crude 
dl-menthy] /-menthylglycine was prepared by the method described above under the heading of 
/-menthy] /-menthylglycine, except that the final washing with sodium carbonate solution was 
omitted. Upon distilling away the chloroform, crystalline d/-menthy] /-menthylglycine normal 
sulphate was obtained in a yield of 95-6%, based upon the original d/-menthol used; it had 
[a]» — 38-0° (c 2-0, chloroform). 

The sulphate (76 g.) was warmed for an hour under reflux with acetone (200 c.c.) ; the crystal- 
line deposit from the cold solution (29-8 g., [a]p — 66-0°), upon recrystallisation from a mixture 
of rectified spirit (100 c.c.) and acetone (70 c.c.), yielded almost pure /-menthy] /-menthylglycine 
sulphate (16 g.), with [«]p — 91-8°. The solid residues from the combined mother-liquors 
were dissolved in chloroform and shaken with dilute sodium hydroxide solution. The recovered 
impure d-menthy] /-menthylglycine (51-3 g.) had [a]p — 34-2°; after two recrystallisations from 
methyl alcohol this material yielded almost pure d-menthyl ester (17-7 g.), with [«]p — 2-7°. 
By means of a systematic alternating treatment of this kind it was found readily possible to 
isolate pure /-menthy] /-menthylglycine sulphate in 74% yield (28-2 g.) and d-menthy] /-menthy]- 
glycine in 60% yield (20-1 g.). The latter ester, when heated on the water-bath for 2 hours with 
5% alcoholic potassium hydroxide (100 c.c.), gave a 95-6% yield of d-menthol, having b. p. 
99° /12-5 mm., m. p. 42°, [a]}}" + 49-8° (c 2-0, alcohol). 

The di/-menthol used in this work (Howards) had a purity of 99-5%, and was identical with 
the specimen used by Read and Grubb (J. Soc. Chem. Ind., 1932, 51, 3291). The yields of pure 
d- and /-menthol obtained were 55-9% and 65-2% of the calculated amounts, respectively ; 
the corresponding yields obtained by the successive application of /- and d-menthoxyacety] 
chloride were 53-4% and 47-4%, respectively (loc. cit.). 

(3) Isolation of d-menthol through dl-menthyl N-acetyl-l-menthylglycine. Thionyl chloride 
(6-0 c.c.), dissolved in dry benzene (40 c.c.), was added slowly (1 hour) to a warm solution of 
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N-acetyl-/-menthylglycine (vide supra) (20 g.) and di-menthol (12-6 g.) in benzene (100 c.c.), 
contained in a refluxing apparatus closed with calcium chloride tubes. The mixture was after- 
wards heated for 2 hours on the water-bath. The cold liquid was washed successively with 
water, dilute aqueous sodium hydroxide, and again with water; benzene and d/-menthol were 
removed by steam distillation; and the residual ester, consisting of crude d/-menthyl N-acetyl- 
]-menthylglycine, after being dried in ether, was obtained as a thick oil (26 g.) which crystallised 
from methyl alcohol when seeded with pure d-menthyl N-acetyl-/-menthylglycine. 

After six recrystallisations the pure d-menthy] ester (2-5 g.) was obtained, with m. p. 95°, 
[«]p + 23-8° (c 2-0, chloroform). When hydrolysed with hot 5% alcoholic potassium hydroxide, 
it furnished pure d-menthol, the yield of which (from the d/-menthol used) was 7-5% of the 
calculated amount. 

Direct treatment of N-acetyl-/-menthylglycine or its salts with thionyl chloride in the 
absence of a solvent led to decomposition. di/-Menthyl N-acetyl-/-menthylglycine may also be 
readily prepared by acetylating d/-menthyl] /-menthylglycine, by the method described above 
under N-acetyl-/-menthylglycine. 

dl-Menthy]l /-menthylglycine reacted in pyridine with p-nitrobenzoy] chloride to yield crude 
dil-menthyl N-p-nitrobenzoyl-/-menthylglycine, [a]) — 16-3° (c 2-0, chloroform). After three 
recrystallisations from methy] alcohol a fraction was obtained with [«]p — 5-2°. This contained 
71-8% of the d-menthyl ester, and it was considered unnecessary to carry the purification to 
completion. 

dl-Menthyl N-benzoyl-/-menthylglycine was obtained as a thick syrupy liquid which could 
not be induced to crystallise. 

Phthalo-\-menthylamic Acid.—l-Menthylamine hydrogen phthalate, prepared by mixing 
equivalent weights of the acid and base in chloroform solution, readily yielded phthalo-l-menthyl- 
imide when heated for 2 hours at 150°/360 mm. This crystallised from alcohol in beautiful 
lustrous prisms of a symmetrical habit, m. p. 109°, [«]p — 18-9° (c 5-0, chloroform) (Found : 
C, 75-6; H, 8-1. C,,H,,;0,N requires C, 75-8; H, 8-1%). The same substance resulted when 
-menthylamine was heated with /-menthyl hydrogen phthalate or with phthalic anhydride. 

Phthalo-/-menthylimide (7 g.) was heated under reflux for 2 hours with 5% alcoholic 
potassium hydroxide (40c.c.).  Phthalo-l-menthylamic acid (6-5 g.) was obtained upon removing 
the alcohol and acidifying; it crystallised from alcohol in fine needles, m. p. 171°, [a]p — 71-8° 
(¢ 1-2, chloroform) (Found : C, 71-1; H, 8-3. C,,H,,O,N requires C, 71-3; H, 8-3%). Upon 
treating this substance or its sodium salt with thionyl chloride phthalo-/-menthylimide was 
produced ; a similar result was attained when a solution of the acid amide in molten /-menthol 
was saturated with dry hydrogen chloride at 80°. 
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393. Researches in the Menthone Series. Part XIII. The Relative 
Molecular Configurations of the Menthols and Menthylamines. 


By JoHN READ and WILLIAM J. GRUBB. 


In seeking evidence bearing upon the relative molecular configurations of the stereoiso- 
meric menthylamines, Read and Storey (J., 1930, 2763) investigated the comparative 
tates of reaction of these bases with certain symmetric acid anhydrides, acid chlorides, and 
aldehydes: neomenthylamine and neoisomenthylamine reacted more rapidly than menthyl- 
amine and isomenthylamine, respectively. This result appeared to accord with a cts- 
disposition of NH,(3) and H(4) in the two neo-bases (loc. cit., p. 2761). 

The above work was qualitative. By means of a refined method we have now deter- 
mined in certain instances the numerical ratios of the reaction velocities of /-menthylamine 
and d-neomenthylamine, by allowing equimolecular mixtures of these bases to react 
competitively in solution at 25° with restricted amounts of various acid chlorides. The 
influences determining the distribution of the reagent between the two bases are (1) mass 
action, and (2) the preference of the acid chloride for one of the bases. This preference is 
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expressed in an enhanced rate of reaction. By means of a logarithmic expression (vide 
infra) which allows for the continually changing active masses of the three reactants, it is 
possible to evaluate the ratio of the two reaction velocities concerned, provided that the 
yield and composition of the product are known. In each case, d-neomenthylamine was 
found to react faster than /-menthylamine; but the values of the ratio were small, falling 
between 1-16 for 6-naphthoyl chloride and 1-45 for o-nitrobenzoyl chloride. 

A comparison of physical and chemical properties, including notably the optical 
rotatory powers (this vol., p. 314), provides strong evidence that the nomenclature which 
has been adopted for the four series of menthylamines and of menthols corresponds in fact 
to a configurational analogy. Thus, /-menthylamine and d-neomenthylamine appear to 
be the respective analogues of /-menthol and d-neomenthol, and similarly in the tso-series. 

These amines and alcohols differ, however, in the relationships based upon relative 
reaction velocity. Vavon and Couderc (Compt. rend., 1924, 179, 405; Bull. Soc. chim., 
1926, 39, 666) have shown that the rate of esterification of d-neomenthol with acetic acid 
and butyric acid is much slower than that of /-menthol, and also that saponification is 
correspondingly more difficult for the d-neomenthyl esters than for the /-menthyl esters. 
Zeitschel and Schmidt (Ber., 1926, 59, 2303) have applied the differences in the rates 
of saponification of the hydrogen phthalates in separating /-menthol and d-neomenthol, the 
l-menthyl ester being the more readily hydrolysed; a similar distinction obtains for the 
acetates (loc. cit.). 

By submitting equimolecular mixtures of various pairs of menthols, dissolved in dry 
pyridine, to competitive reaction with a series of acid chlorides, we have obtained striking 
numerical values expressing the relative rates of reaction of two or more of the stereoiso- 
merides with the same reagent. In all the experiments, /-menthol reacted much more 
rapidly than dl-neomenthol: with benzoyl chloride the mean ratio of the two reaction 
velocities was 5-6, and upon introducing a nitro-group into the benzoyl radical the ratio 
rose to 13-2, 16-5, and 22-5 for m-, p-, and o-nitrobenzoyl chloride, respectively. Thus, by 
using p-nitrobenzoy] chloride as a differential reagent, as described below, it was possible to 
separate effectively a mixture of /-menthol and dl-neomenthol (compare J. Soc. Chem. Ind., 
1934, 53, 527). 

l-Menthol also reacted more rapidly than d/-isomenthol; but here the ratio was much 
smaller, being 1-11 for benzoyl chloride and 1-35 to 1-37 for the three nitrobenzoy]l chlorides. 
Again, /-menthol reacted with p-nitrobenzoyl chloride 5-4 times as rapidly as d-neoiso- 
menthol. The ordinary menthols are thus the most reactive of the four series of menthols, 
in the reactions under consideration. The mean rates of reaction of the four series with 
p-nitrobenzoyl chloride may be expressed as follows : menthols, 16-5; tsomenthols, 12:3; 
neoisomenthols, 3-1; meomenthols, 1-0. If steric hindrance be accepted as the chief 
influence determining these differences, OH(3) and H(4) must be assigned a trans-dis- 
position in the two series of neomenthols. This conclusion is supported by the formation 
of a predominance of neomenthol in the reduction of menthone, whether by catalytic hydro- 
genation (Compt. rend., 1924, 179, 407) or by Ponndorf’s method (J. Soc. Chem. Ind., 1934, 
53, 52T) : the addition of hydrogen to the keto-group would be expected to take place by 
preference in the region removed from the large isopropyl group. 

The conclusion thus reached is at variance with the configurations indicated above for 
the neo-amines; but the differences in reaction velocity are so much more pronounced for 
the menthols than for the menthylamines that the data obtained for the former may reason- 
ably be given the preference. Perhaps also, the neutral menthols, with the simple OH 
group, are less liable than the strongly basic menthylamines, with the more complex NH, 
group, to respond to disturbing influences in such reactions. 

Moreover, some valuable independent evidence bearing upon this matter has been 
obtained by Mr. N. A. B. Wilson, B.Sc., during a current investigation in these laboratories 
of the cis- and trans-forms of 1 : 2-cyclohexanediol, CgH,)(OH),. Here, the relative dis- 
positions of the hydroxyl groups are known, since one of the compounds has been resolved 
into optically active components : this is accordingly the trans-form. The monobenzoate of 
the ¢rans-diol (I), when mixed in dry pyridine with m-nitrobenzoyl, p-nitrobenzoy]l, or 
3 : 5-dinitrobenzoyl chloride, undergoes esterification more rapidly than the monobenzoate 
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of the czs-diol (II). In these instances, therefore, the hydroxyl group undoubtedly displays 
its greater reaction velocity when situated in the cis-position to the hydrogen atom, as in 
configuration (I) : 
(L.) ——O-COPh H——0O-COPh (II.) 
“ HO—--H H——OH 


A survey of the whole of the evidence now available thus points to the following relative 
molecular configurations for the four series of menthols. The effect upon the reaction 
velocity of rotating the several asymmetric units of the molecule of /-, d-, or di-menthol 
(shown by thick lines) through 180° (shown by thin lines after rotation) is also summarised 
in the diagram by numerals representing the comparative rates of reaction with p-nitro- 
benzoyl chloride : 


Me—|—H Me—|—H Me=—'—H Me—'—H 
HO—|—H H——OH HO——H H——OH 
H—|— Pr2 Pré—— Pr8—|—H H—|—Pré 


/-Menthol. d-iso-. d-neoiso-. d-neo-. 








/-Menthol. d-iso-. d-neoiso-. d-neo-. 
Comparative reaction velocity 16°5 12°3 3°1 10 
[a]p of menthols (in alcohol) —49°6° +25-9° +2°2° +20°7° 
[a]p of menthylamines (homogeneous)... —44°53° +28°96° +2°32° +15°12° 

An examination of the accompanying summary of optical rotatory powers shows that, 
according to this scheme, the optical rotation is lessened numerically by bringing H(3) and 
H(4) into the cis-position. Also, the least rotatory power is displayed by the neotso- 
compounds, the configuration of which shows the three hydrogen atoms (1, 3, 4) on the same 
side of the plane of the ring. A further interesting feature is the apparent stimulating 
effect of Me(1) upon the reactivity of OH(3) when these two groups occur in the configur- 
ational cis-position. 

The greater ease of dehydration to A*-menthene, which is characteristic of the two neo- 
series of menthols (see, e.g., Ber., 1926, 59, 2305), must now be attributed to trans-elimin- 
ation of water between OH(3) and H(4), if, indeed, the initial dehydration can be held to 
leave H(2) unaffected. 

Analogous configurations, in which NH, replaces OH in the above formule, must be 
assigned to the menthylamines (this vol., p. 315). Here again, the ready formation of 
A’-menthene by the action of nitrous acid on the meo-bases (J., 1927, 2171) must be 
attributed to trans-elimination of water from the intermediate neomenthol, instead of to 
cis-elimination, as originally postulated by Wallach (Annalen, 1913, 397, 218). 

The configurations now advanced for the menthols and menthylamines represent a 
modification of earlier schemes (compare J., 1927, 2170; Chem. Reviews, 1930, 7, 27; J., 
1930, 2761). It appears unlikely that chemical evidence of a more decisive nature than 
that which is now available will be forthcoming ; the accumulation of further evidence of a 
physical nature may, however, follow, now that the substances concerned have all become 


easily accessible. 
EXPERIMENTAL. 


Menthylamines. 


Reference Derivatives.—Pure specimens of the following reference derivatives of /-menthyl- 
amine were prepared from the hydrochloride of the base (2 g.) (J., 1930, 2763). This was mixed 
with 10% sodium hydroxide solution (2 equivs.) and benzene (10—20 c.c.), and then shaken with 
the appropriate acid chloride (1 mol.). Sufficient chloroform was added to dissolve the product, 
and the chloroform—benzene solution was washed successively with aqueous alkali and acid, 
followed by water. The crystalline product obtained upon evaporating the dried solvent was 
finally purified by recrystallisation. The optical rotatory powers were observed in chloroform 
solution at 17-5°. 

p-Nitrobenzoyl-|-menthylamine crystallised from aqueous alcohol in pale yellow prisms, m. p. 
170°, [a]p — 53-8° (c 5-0) (Found: C, 67-2; H, 7-9. C,,H.sO3;N, requires C, 67-1; H, 8-0%). 

64 
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m-Nitrobenzoyl-l-menthylamine separated from aqueous alcohol in minute and almost colourless 
needles, m. p. 135°, [a]p — 59-4° (c 5-0) (Found: C, 66-9; H, 8-0%). 0o-Nitrobenzoyl-l-menthyl- 
amine was deposited from absolute alcohol in small, pale yellow, rectangular crystals, m. p. 
188-5°, [a]p — 62-9° (c 4-0) (Found: C, 67-1; H, 7-9%). 3: 5-Dinitrobenzoyl-l-menthylamine 
crystallised from alcohol—ethyl acetate in yellow microscopic needles, m. p. 193°, [«]p — 60-0° 
(c 1-0) (Found: C, 58-3; H, 6-6. C,,H,,;0;N, requires C, 58-4; H, 6-6%). At 18°, 1 g. of this 
derivative requires about 80 c.c. of chloroform to dissolve it. 8-Naphthoyl-l-menthylamine 
formed small glistening needles from alcohol—ethy! acetate, m. p. 180-5°, [a]p — 51-9° (c 2-0) 
(Found: C, 81:3; H, 8-9. C,,H,,ON requires C, 81-5; H, 8-8%). 

The observed characteristics of the corresponding derivatives of d-neomenthylamine are 
summarised below. p-Nitrobenzoyl-d-neomenthylamine: pale yellow needles from aqueous 
alcohol, m. p. 151°, [a]p + 16-1° (c 5-0) (Found: C, 67-0; H, 8-1%). m-Nitrobenzoyl-d-neo- 
menthylamine : flat, pale yellow needles from aqueous alcohol, m. p. 131°, [a]p + 18-7° (c 5-0) 
(Found: C, 67-2; H, 80%). 0-Nitrobenzoyl-d-neomenthylamine : fine, faintly yellow needles 
from alcohol—ethy] acetate, m. p. 183°, [a]p + 36-5° (c 4-0) (Found: C, 67-0; H, 7-9%). 3: 5- 
Dinitrobenzoyl-d-neomenthylamine : small, deep yellow needles from alcohol—ethyl acetate, 
m. p. 164°, [a]p + 22-6° (c 1-0) (Found : C, 58-2; H, 66%). 8-Naphthoyl-d-neomenthylamine : 
fine glistening needles from alcohol—ethyl acetate, m. p. 165°, [a]p + 5-4° (c 2-0) (Found: C, 
81-2; H, 8-9%). 

Comparative Reaction Velocities.—Accurately weighed and exactly equal amounts (e.g., 3-1900 
g.) of the hydrochlorides of /-menthylamine and d-neomenthylamine were mixed and stirred 
mechanically in a suitable reaction vessel, mounted in a thermostat at 25°, with chloroform free 
from alcohol (25 c.c.) and 10% aqueous sodium hydroxide solution (2 equivs.). A solution of 
the requisite acid chloride (0-67 mol.) in alcohol-free chloroform (25 c.c.) was then added slowly 
(20 mins.) with constant stirring. After further stirring (10 mins.), the product was worked 
up by washing the chloroform with dilute sodium hydroxide solution (twice), dilute hydro- 
chloric acid (twice), and water (until free from chloride) ; the solvent was evaporated from the 
dried solution, and the weight and specific rotatory power of the crystalline residue were 
observed. The hot-water extracts of the products were found to be free from chloride, except 
in the case of the benzoyl] derivatives, for which no satisfactory data were obtained. 

The relative reaction velocities, kgne./k,;, were calculated from the following equation, in 
which d-neo- and /-menthylamine are indicated by their prefixes: Rgne./k; = [log (weight of 
d-neo used) — log (weight of d-neo left)]/[log (weight of / used) — log (weight of / left)]. The 
values thus obtained are summarised below. The composition of the mixed product was 
calculated from its observed specific rotatory power, the value of [«]p being known for each of the 
two constituents : the weight of each base entering into reaction was thus deducible. 


Reagent, Ra-neo|Ri- Reagent. Ra-neo| hy. 
p-Nitrobenzoyl chloride 1°19 and 1:27 3 : 5-Dinitrobenzoyl chloride ... 1°18 
m-Nitrobenzoyl chloride 1°36 and 1°29 B-Naphthoy] chloride 
o-Nitrobenzoyl chloride 1°33 and 1°56 


Menthols. 


Reference Derivatives.—The specific rotatory powers of the following derivatives of /-menthol 
(J., 1905, 87, 1191; 1933, 170; etc.) were observed in chloroform solution (c 5-0) at 15°: 
benzoate, [a]p — 87-1°; p-nitrobenzoate, — 75-9°; m-nitrobenzoate, — 83-6°; o-nitrobenzoate, 
— 153-8°; 3: 5-dinitrobenzoate, — 79-9°; §-naphthoate, — 69-9°; hydrogen phthalate, 
— 90-0°; hydrogen succinate, — 66-1°. Further, d-neomenthyl p-nitrobenzoate had [a]p + 
17-8° under similar conditions, and d-neoisomenthyl p-nitrobenzoate had [a], — 5-3° (c 2-0) 
(this vol., p. 315). The exceptionally high rotatory power of /-menthy] o-nitrobenzoate is 
noteworthy. 

Comparative Reaction Velocities —Accurately weighed and exactly equal aniounts (e.g., 2-600 
g.) of the two meftthols concerned were mixed and dissolved in dry pyridine (25 c.c.) in a vessel 
immersed in a thermostat at 25°. The powdered acid chloride (0-67 mol.) was then introduced 
slowly (20 mins.), with mechanical stirring. After further stirring (10 mins.), the solution was 
diluted with water and extracted with ether. The ethereal extract was washed well with dilute 
acid, alkali, and water; ether was removed by distillation and unchanged menthols by steam 
distillation; the purified ester mixture was then isolated by extraction with ether. Its weight 
and rotatory power were observed. The relative reaction velocities were calculated from the 


equation given above. 
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Mixtures of /-menthol with each of dJ-neo-, dl-iso-, and d-neoiso-menthol were examined in 
this way, with the following results : 


Reagent. ky |Rat-neos hi|Rat-iso- hy |Ra-neoiso- 
Benzoyl chloride 5°4 and 5'8 ‘ll 
p-Nitrobenzoyl chloride 16°3 and 16°7 34 and 1°35 5:4 
m-Nitrobenzoyl chloride 13-2, 14°2, and 12-1 *38 and 1°33 
o-Nitrobenzoyl chloride 22°2 and 22°8 *39 and 1°35 
3 : 5-Dinitrobenzoy! chloride 6°9, 7°2, and 6°9 -22 
B-Naphthoyl chloride 14 


Similarly, a mixture of d-menthol and /-neomenthol gave the value 17-2 when treated with 
p-nitrobenzoy] chloride. 

The comparative rates of formation of various menthyl hydrogen phthalates and hydrogen 
succinates were investigated similarly, equimolecular mixtures of two menthols being heated 
for 9 hours with phthalic anhydride or succinic anhydride (0-67 mol.) in an oil-bath at 120°. 
The results in these instances were liable to disturbance, through the formation of menthene and 
otherfactors. Onthe whole, menthols appeared to react with these anhydrides about three times 
as fast as neomenthols and only about half as fast as zsomenthols. 

Separation of \-Menthol and dl-neoMenthol.—A mixture of equal weights of /-menthol and 
di-neomenthol (10-40 g. of each) was esterified in dry pyridine with 70% of the quantity of p- 
nitrobenzoyl chloride theoretically required. The product was worked up in the usual way 
(compare J. Soc. Chem. Ind., 1934, 58, 5317), unchanged menthols being removed by steam 
distillation. This recovered menthol (3-46 g.) crystallised, and one recrystallisation from 
light petroleum yielded pure d/-neomenthol (2-54 g.), in large clear crystals which melted at 53° 
and were optically inactive (c 2-0, alcohol). 


We thank the Carnegie Trust for the Universities of Scotland for the award of a Fellowship to 
one of us (W. J. G.). 
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394. The So-called Diaquobisethylenediaminocupric Ion. A Re- 
investigation of its Simple Salts and Alleged Optical Isomerism. 


By CHRISTOPHER H. JOHNSON and STEPHEN A. BRYANT. 


THE co-ordination valency of cupric ion is generally four but occasionally six. In the 
latter category stands the diaquobisethylenediaminocupric ion, [Cu en,(H,O).]**, salts 
of which were first prepared by Werner and his co-workers (Z. anorg. Chem., 1899, 21, 201). 
In 1927, Wahl (Soc. Sci. Fenn. Comm. Phys.-Math., 4, 14) claimed to have prepared a 
levorotatory iodide and thus to have established the existence of an octahedral symmetry 
within the molecular ion; it might therefore appear that the constitution of the ion had 
been finally settled, but for reasons which have been explained elsewhere (Johnson, Trans. 
Faraday Soc., 1932, 28, 845), we consider it important to confirm all cases of alleged 
optical isomerism, and consequently a reinvestigation was undertaken. 

Our results can be summarised as follows. All attempts at resolution were unsuccessful, 
and the analyses show there are no grounds for presuming that the ion is present in 
the crystalline salts. Whether it is formed in aqueous solution cannot be ascertained ; its 
existence was previously inferred from incorrect or misleading analytical data and from the 
work of Wahl, which we have been unable to verify. The present research is confined to 
six simple salts, viz., the chloride, bromide, iodide, nitrate, sulphate, and tartrate. Pre- 
vious investigators have conferred the general formula [Cu en,(H,O),]** uniformly upon 
the first five (the tartrate was not analysed), but it is important to note that except in the 
case of the iodide no direct determination of water had been made. Our analyses prove 
the water content of the salts to be exceedingly variable. The nitrate, [Cu eng](NOsg)o, is 
anhydrous; the chloride and bromide are monohydrates, the iodide contains 1 or 2H,O, the 
sulphate 2 or 4H,O, depending on the method of preparation, and the tartrate 2}—3H,0. 
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In every case the water is quickly and completely lost over phosphoric oxide in a vacuum, 
whilst the crystalline sulphates and the iodide dihydrate effloresce in air. 

A possible interpretation of these facts is that the constitution of the ion in the crystals 
is [Cu en,}** and the co-ordination valency four, not six. Morgan and Burstall (J., 1927, 
1259) apparently reached this conclusion with regard to ten other salts but did not question 
the results of earlier investigations. If the ion does not contain water, optical isomerism 
cannot arise. 

The ratio en : Cu = 2:1 in the complex ion is well established, and is implied in the 
general method of preparation of the salts. Acids immediately break up the complex; 
even cold acetic acid destroys the purple colour. Grossmann and Schiick (Z. anorg. Chem., 
1906, 50, 1) state that ethylenediamine in copper compounds may be accurately deter- 
mined by titration with sulphuric acid, methyl-orange or litmus being used as indicator. 
Our experience has been much less satisfactory : several indicators were tried but none 
gave sharp end-points, and results with the two specified differed by several units %, 
the former yielding consistently higher values. Apart from helping to distinguish between 
mono-, di-, and tri-ethylenediamine cupric salts, the titration method is valueless. 


EXPERIMENTAL. 


Sulphate.—Werner and his co-workers (/oc. cit.) prepared this salt by addition of the requisite 
amount of ethylenediamine hydrate to an aqueous solution of copper sulphate, and precipitated 
it with alcohol. Their analytical data for carbon and nitrogen suggest the constitution 
[Cu en,,2H,O)]SO,, but the value for sulphate, 34-95%, is that pertaining to the anhydrous substance 
although quoted as supporting the above formula. 

The contradiction is easily reconciled with the nature of the compound, for it is efflorescent 
and loses practically all its water in the course of afew days. When ethyl alcohol is cautiously 
added to an aqueous solution, bluish-purple crystals are precipitated (Found : H,O, 22-3; Cu, 
17-8; SO,, 27-0. [Cu en,]SO,,44H,O requires H,O, 22-5; Cu, 17-6; SO,, 26-6%), whereas a 
large excess produces a pale blue powder (Found : H,O, 10-0; Cu, 20-6; SO,, 30-9. Calc. for 
[Cu en,]SO,,2H,O : H,O, 11-4; Cu, 20-2; SO,, 30-4%) which can also be obtained by washing 
the crystals with absolute alcohol. The latter seem to contain 4}H,O, but this is difficult to 
verify. They may also be prepared by slow crystallisation from water, although the high 
solubility makes it impossible to grow large crystals. Like the dihydrate, they effloresce in air, 
gradually losing all water (Found: H,O < 0-5; Cu, 22-6; SO,, 34:5. [Cu en,]SO, requires 
Cu, 22-7; SO,, 34-4%). 

Chloride.—Crystallisation from water, or precipitation from aqueous solution by methyl 
or ethyl alcohol at temperatures between 15° and 0°, produces an identical product, the mono- 
hydrate. It is very soluble in water, stable in air, but quickly loses 1H,O in a vacuum over 
phosphoric oxide (Found: H,O, 6-2; Cu, 23-3; Cl, 25-9. [Cu en,]Cl,,H,O requires H,O, 6-6; 
Cu, 23-3; Cl, 26-0%). 

Nitrate.—Grossmann and Schiick (loc. cit.) prepared the nitrate and bromide. Both were 
reported to be dihydrates although water was not determined. Examination of this salt con- 
vinced us that the recorded analytical data were erroneous, for the nitrate was anhydrous, no 
matter how prepared, whether crystallised from water or precipitated by alcohol from aqueous 


Large monoclinic crystals can be grown, which remain lustrous in a vacuum over 


solution. 
[Cu en,](NOs3). 


phosphoric oxide and suffer no loss of weight {Found: Cu, 20-7; NO , 40-2. 
requires Cu, 20-7; NO, 40-3%}. 

Bromide.—Being less soluble than the chloride, this is easily obtained in large monoclinic 
crystals; like the chloride, these are the monohydrate (Found : H,O, 5-0; Cu, 17-6; Br, 44-0. 
[Cu en,]Br,,H,O requires H,O, 5-0; Cu, 17-6; Br, 44-2%). 

Iodide.—Wahl's paper (loc. cit.) contained no analytical data; these were reserved for 
future publication, but we cannot trace such a record. By Morgan and Burstall’s procedure 
(J., 1926, 2018), magnificent purple crystals (triclinic) were prepared; although the analyses 
confirm the formula [Cu en,]I,,2H,O (Found: H,O, 8-0; Cu, 13-3; I, 52-7. Calc.: H,O, 
7-6; Cu, 13-4; I, 53-6%) our experience differs from that of these authors in certain respects ; 
for instance, they say that only 1H,0O is lost on desiccation in a vacuum, and infer that the 
second is tightly bound, whereas we put a different interpretation on this result. The freshly 
prepared crystals are almost certainly the dihydrate (actually our analytical data indicate 
slightly more water), but in air they rapidly effloresce, lose their lustre, and form the monohydrate 
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(Found: H,O, 3-7; Cu, 14-0; I, 55-4. Calc. for [Cuen,]I,,H,O: H,O, 3-95; Cu, 14-0; I, 
55°7%). Indeed, so loosely is this water held that the mere act of gently crushing the crystals 
is sufficient to remove it. The process can be followed by making a rapid series of volumetric 
determinations for copper. The normal form of the iodide is therefore the monohydrate 
analogous to the chloride and bromide, and readily dehydrated by phosphoric oxide in a vacuum, 
We think it likely that Morgan and Burstall found only 1H,O in the iodide on desiccation 
because the other had already disappeared. The iodide is somewhat unstable in air. Aftera 
few weeks, analysis reveals a high copper content, and when the salt is placed in water, cuprous 
iodide remains undissolved. A sample prepared from the sulphate and barium iodide and 
crystallised from hot water showed this property in marked degree. A large crystal of the 
dihydrate left in air lost }H,O within 5 days, and another 3H,O after 3 weeks. As the mono- 
hydrate, it continued slowly to lose weight owing to superficial decomposition. 

Morgan and co-workers (J., 1926, 2018, 2027) discovered another interesting property of the 
iodide which appears to be unique amongst these compounds. Whenit is precipitated by methyl 
or ethyl alcohol from aqueous solution, the crystals contain alcohol, having the composition 
[Cu en,,ROH}I,. We have confirmed this result qualitatively, but the ethyl alcoholate was 
found to be disolvated (Found: H,O, 1-5; Cu, 12-2; I, 48-5. [Cu en,]I,,2EtOH requires Cu, 
12-0; I, 48-0%). The presence of nearly 4% of water in the methyl alcoholate makes it 
difficult to decide its composition. It is probably a mixture of dialcoholate and monoalcoholate— 
monohydrate (Found: H,O, 3-9; Cu, 12-8; I, 50-2. [Cuen,]I,,2MeOH requires Cu, 12-7; 
I, 50-6%. [Cuen,]I,,MeOH,H,O requires H,O, 3-7; Cu, 13-0; I, 52-1%). The compounds 
are crystalline, and keep indefinitely in stoppered bottles. No alcohol is lost during desiccation 
in a vacuum. 

These alcoholates are important because Wahl, in his alleged isolation of an optically active 
iodide, precipitated the salt from solution by means of alcohol; therefore the material could not 
have had the constitution [Cu en,,2H,O]I, which he arbitrarily assigned to it. Further, even 
if two water molecules are attached to the complex ion in aqueous solution, it is difficult to 
believe that racemisation would not occur when they are replaced by alcohol. If, by chance, 
his iodide contained some dihydrate it could hardly have escaped racemisation by efflorescence. 

Tartrate.—Wahl prepared but did not analyse the tartrate. His method of preparation from 
barium tartrate and [Cu en,]SQO, is unsatisfactory, for the product is invariably contaminated 
with the latter. A better method is to add a slight excess of ethylenediamine hydrate to copper 
tartrate suspended in water; the solid quickly dissolves, giving a deep purple solution from 
which the compound is conveniently precipitated by methyl alcohol. Alternatively, the 
solution can be evaporated almost to dryness on a water-bath, and the solid which separates 
pressed upon a porous tile and further purified (Found: H,O, 13-2; Cu, 16-6; tartrate, 39-4. 
[Cu en,]C,H,O,,2-75H,O requires H,O, 13-0; Cu, 16-7; tartrate, 38-9%). The salt is excess- 
ively soluble in water, and the concentrated solution very viscous; consequently we have been 
unable to grow crystals. The water content varies from one sample to another (12-5—13-5%), 
but in every case a corresponding variation in the copper analysis was recorded. The hygro- 
scopic nature of the compound is doubtless responsible for these fluctuations. The anhydrous 
salt was also prepared (Found: Cu, 19-2; tartrate, 45-1. [Cu en,]C,H,O, requires Cu, 19-2; 
tartrate, 44-6%). 

‘Attempts at Resolution—Two methods were repeatedly tried, viz., fractional crystallisation 
of the tartrate from hot water, and fractional extraction with aqueous alcohol, the latter being 
particularly recommended by Wahl; he seems to imply the use of ethyl rather than methyl 
alcohol, thereby ignoring the fact that the tartrate invariably forms an oil with aqueous ethyl 
alcohol. Care was taken to follow his directions as closely as possible, but without success. 
For instance, 10 g. of the tartrate were extracted four times with aqueous alcohol (75%) and 
the extracts precipitated by further addition of alcohol; 1% solutions of these, the initial sub- 
stance, and the final residue (about 0-5 g.) were examined individually in a polarimeter 
(}= 1dcem.). The solutions passed practically no light of wave-length longer than 4600 A., so 
a carbon arc had to be employed, and the liquids served as their own light filters. The arc is by 
no means an ideal illuminant for polarimetric work, and deep violet light is fatiguing to the 
eyes; nevertheless, fairly concordant results were obtained. All the solutions were dextro- 
rotatory, ca. 0-3°, and the rotations remained unchanged for several days. This significantly 
small rotation is larger than the majority of those registered by Wahl. A solution of ammonium 
tartrate containing the same concentration of tartrate was examined with a light filter of 
[Cu en,]SO, and gave an almost identical rotation. Therefore there can be no reasonable 
doubt that the rotation of bisethylenediaminocupric tartrate is due solely to the tartrate ion. 
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The solid extracts were analysed for water and copper and found to have undergone no change in 
composition. 

Electrode-potential Measurements.—Attempts were made to form an estimate of the stability 
of the molecular ion by measuring the potentials of copper electrodes dipping into aqueous 
solutions of the salts. The potentials were unsteady even when all obvious precautions were 
taken, but the important fact was established that appreciable dissociation of the complex 
occurred in every case. Such dissociation must inevitably result in rapid racemisation whatever 
may be the constitution of the ion; yet Wahl observed no change in optical activity during 
16 hours. 

Absorption Spectra.—Morgan and Burstall (/oc. cit.) remarked the slight differences in colour 
between various crystalline salts ranging from purple or violet to mauve. On dehydration, 
the colour becomes distinctly more blue. Aqueous solutions, however, are indistinguishable, 
having a rich purple-violet hue. 

Absorption spectra in the visible region of all six salts have been measured, and found to 
agree within about 2%, the limit of accuracy of measurement. Thus, additional confirmation 
is provided of the analytical data. A 10cm. length of a 0-1% solution of anhydrous sulphate, 
(Cu en,]SO,, and equivalent concentrations of the other salts were examined in a Hilger— 
Nutting spectrophotometer. The absorption of the sulphate in the ultra-violet was also deter- 
mined quantitatively with a Hilger sector photometer and medium quartz spectrograph. A 
hydrogen discharge tube supplied continuous ultra-violet radiation. Solutions containing 
0-10, 0-98, and 10-35 g. of anhydrous sulphate in 1000 c.c. were required, in 4 cm. tubes, for 
various parts of the ultra-violet spectrum. All determinations were made at about 16°. 
Molecular absorption coefficients, «jy, are presented below; ay = (logy/,/Z) /ic, 1 being the 
length (cm.) of the absorption tube, and c the concentration (mols. /1.). 


d, A. ay. d, A. am. r, A. am. A, A. ue r, A. am. 
7000 11-0 5800 543 5200 54-0 4175 . 3075 22 
6700 18-2 5600 60:1 5000 39°4 4060 . 3010 36 
6500 22-9 5500 61-0 4800 24°6 3340 . 2940 74 
6300 29°9 5450 61-0 4600 13°4 3210 . 2815 280 
6000 45°6 5400 60:1 4300 2°8 3125 1 2740 690 


The main features comprise a broad absorption band in the visible spectrum with a flat maximum 
at or about 5475 A.; and a region of almost perfect transparency between 4000 and 3400 A., 
followed by increasingly strong continuous absorption below 3000 A. The substance is not 
photosensitive and should prove a valuable light-filter. 

An interesting experiment was performed with the methyl and ethyl alcoholates of the 
iodide. First, by choosing suitable concentrations, it was found that their absorption spectra 
in aqueous solution exactly reproduced the curve obtained for the other salts. This suggests, 
but does not prove, that the absorbing unit is the same in all cases, and that the alcohol is not 
attached to the complex ion in solution. Assuming the molecular absorption coefficients were 
also unaffected by the presence of alcohol, calculation was made of the molecular weights of the 
alcoholates. For the ethyl alcoholate the result was 521 (Calc. for dialcoholate: 529-5), 
and for the methyl alcoholate it was 496 (Calc. for monoalcoholate-monohydrate: 487:5. 
Calc. for dialcoholate : 501-5), in reasonable agreement with the analytical data. ? 


CONCLUSION. 


A summary of the main results was given in the introductory paragraphs. Clearly the 
existence of the ion [Cu en,(H,O),]** is extremely doubtful. This being so, discussion of 
its optical activity becomes superfluous. Even if formed in aqueous solution, it is too 
unstable to permit of resolution. Had correct analytical data been presented by the 
original investigators, and had they examined the obvious physical properties of the 
crystalline salts, optical isomerism would not have been sought for amongst these com- 
pounds. 


BRISTOL UNIVERSITY. [Received, August 9th, 1934.) 
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395. The Micro-determination of Platinum and Iridium, and of 
Associated Chlorine and Potassium. 


By H. D. K. Drew, H. J. Tress, and G. H. Wyatt. 


MICRO-ANALYTICAL methods are specially advantageous in work on the compounds of 
noble metals, owing to the high cost of preparation of these substances on the macro-scale. 
The methods now described are, so far as possible, general in character for the complex 
compounds of platinum and of iridium; they relate to determinations upon some 5—20 mg. 
of initial material (all weights given are in mg.). 

Platinum.—In previous papers (J., 1930, 349; et seg.) numerous examples of the 
determination of platinum in its ammine and sulphine derivatives have been given; these 
analyses were carried out by Pregl’s method (ignition with sulphuric acid in a platinum 
boat, in a current ofair). The results show the high accuracy and wide scope of the method, 
but a few cases have been encountered where the results vary owing to the volatility of 
appreciable traces of platinum in certain conditions; again, the method is not applicable 
to the common case in which an alkali metal is present. We have, therefore, worked out 
the following more general method, in which the substance is decomposed by fusion with 
sodium carbonate-sodium nitrate, and the liberated platinum collected and weighed. For 
the fusion, we experimented with porcelain and platinum crucibles, and found a method of 
procedure suitable to both cases. For the filtration, a Pregl filter tube with capillary cap 
(Drew and Porter, J., 1929, 2092) was employed, but it was also shown that a platinum 
micro-Neubauer crucible can be used. Porcelain crucibles can be employed for the fusion 
in spite of the usual avoidance of them in accurate work on a macro-scale. The micro- 
experiments showed that as much as 5 mg. of silica may be removed from the crucible by 
the fusion mixture, but that no ponderable quantity is associated with the platinum 
weighed. Similarly, when a platinum crucible is used, none of the metal dissolves off the 
walls, nor does the precipitated platinum adhere to the crucible; the attack of the nitrate 
on the crucible, which might, from certain statements in the literature, be thought of import- 
ance, is negligible, being confined to a minute superficial oxidation of the metal, afterwards 
easily reversed by ignition in the Bunsen flame. Again, the literature would lead to the 
anticipation that platinum must be ignited at a high temperature before being weighed, a 
process only convenient when the rather expensive micro-Neubauer filter-crucible is avail- 
able: but we found that a temperature of only 130°, or even less, suffices if the platinum 
is first washed on the Preg] filter with a little hot concentrated nitric acid, which probably 
removes traces of occluded carbonates. Hydrochloric acid must on no account be used to 
wash precipitated platinum, for it is appreciably soluble in that acid in the presence of 
oxygen, forming chloroplatinic acid, in spite of the absence of oxides of platinum (proved by 
comparative experiments using high-temperature ignition with a platinum micro-Neubauer 
crucible). The point of greatest difficulty was the behaviour of the Pregl filter tube towards 
concentrated nitric acid: these filters, after adequate preliminary washing with the hot 
acid, underwent no change in weight during many successive washings with the acid, but if 
left for a day or two (in some cases, much longer) the glass or the asbestos of the filters 
recovered the property of losing weight (usually about 0°1 mg.) when once more washed with 
the acid. However, it was ultimately found that the difficulty did not arise if the filters 
were always rewashed with the acid on the day of use. The micro-Neubauer crucible 
retained constancy of weight when washed with hot concentrated nitric acid. The experi- 
mental details are therefore relatively simple : 


An acorn-size (1 c.c.) crucible, of Bavaria porcelain or of platinum, is covered with a thin 
layer of melted fusion mixture (sodium carbonate : sodium nitrate = 2: 1), allowed to cool, and 
the substance (5—20 mg., previously finely powdered in an agate mortar) is added from a 
“ grasshopper ’’ weighing-tube; more fusion mixture is added, admixture is effected with a fine 
glass rod, and the mixture finally covered with a further layer of fusion mixture, so that the 
crucible is about one-third full; the crucible, with lid always on, is heated on a stout platinum 
sheet by means of a Bunsen burner, at first very gently and finally at red heat for about 20 
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minutes, until gas is no longer evolved. After cooling, the lid is immersed in some 10 c.c. of 
warm water in a 30 c.c. covered beaker, rinsed with a fine-jet wash-bottle, and removed with 
platinum forceps; then the crucible is immersed upside-down and the beaker warmed on the 
water-bath till the salt dissolves and the platinum particles fall to the bottom of the beaker; the 
crucible is rinsed and removed, care being taken that none of the minute granules of platinum 
remains on it; the beaker is cooled and the contents cautiously acidified with pure concentrated 
nitric acid; should particles of platinum adhere to the crucible, the acidification may be con- 
ducted before the crucible is removed. The liquid should now be perfectly transparent; it is 
heated on the water-bath for about $ hour and then poured directly through the Pregl] filter tube 
[previously washed with some 3 c.c. of hot concentrated nitric acid, water, and alcohol, dried at 
130° (} hr.) in the usual apparatus, and weighed after cooling for 20 mins.] with moderate 
suction at the pump, the transference being completed by rinsing with alcohol and with water ; 
the filter is well washed with hot water, then washed, dried, and weighed as initially. The 
results of analyses are shown below : 


Pt, %. 
Amount P A 
Substance. taken. Pt, found. Pt, calc. Found. 
7°921 3°748 3°724 47°3 
9-510 3-860 3°819 40°6 
10°257 4°134 4118 40°3 
8°887 5-788 5°779 65:1 
aa 13-106 8°537 8°523 65:1 
24-983 * 16°389 16°248 65°6 
29-251 19-020 19-023 65°0 
PtC,H,(NH,),Cl, 11-619 6°997 6°954 60°2 
x 11-784 7°102 7°053 60°3 
a-Pt(NH;).Cl, 13°544 7178 7°123 53°0 


* This analysis was carried out with a Neubauer crucible. 





The contents of the filter need not be changed for further determinations, and if successive 
estimations are carried out on the same day, the previous weight of the filter can be taken as the 
initial weight for the next analysis. 

The following data show the effect of repeatedly washing a filter with hot concentrated nitric 
acid, water, and alcohol, drying at 130°, and weighing as described; the weights are those after 
successive washings : fractions of a mg. only are quoted, the tare being constant. 

Ist Filter, -657, -640, -651. 

2nd Filter, -791, -791, -794. 

" (on another day), -782, -782, -790, -784, -790. 

3rd Filter, -008, -020, -016, -015. 

Fuming nitric acid should not be used to wash the filters. 

Blank experiments with the fusion mixture and a porcelain crucible showed a negligible 
increase in weight (less than 0-01 mg.) of the Pregl filter tube after the procedure described above, 
showing that no insoluble material was derived from the crucible. 

Chlorine in the Presence of Platinum.—Experiments showed that two methods are available : 
(1) fusion as above, ina platinum crucible, filtration of platinum from the alkaline extract, and 
precipitation of the filtrate with a solution of silver nitrate in concentrated nitric acid; (2) a 
micro-Carius method. Only the latter was studied in detail. A single experiment carried out 
by the first method, using B-Pt(NH;),Cl, (11 mg.), gave Cl, 24-0 (Calc. : Cl, 23-6%). 

In the second method, the substance (about 5—12 mg.) was heated in the usual way to 270° 
for some 6 hours with an excess of silver nitrate and about 4 drops of fuming nitric acid, a 
mixture of silver chloride and a reddish platinum compound being formed. The contents of the 
tube were washed out as far as possible into a small beaker with water and the washings evapor- 
ated to dryness; the tube and glass capsule and the residue in the beaker were then extracted 
repeatedly with concentrated ammonia (some 10 c.c. in all), the extracts being filtered through a 
Preg] filter tube, which retained the insoluble reddish substance. The filtrate was then evapor- 
ated on the water-bath to remove most of the ammonia, acidified with nitric acid, again heated, 
cooled, and the precipitated silver chloride filtered off and weighed in the usual manner (Preg]). 
The method depends upon the fact that the red platinum compound, the nature of which has 
not been examined, is quite insoluble in ammonia. The results (below) appear to be of the same 
order of accuracy as that attained in the simple Carius estimation in the absence of platinum 
(compare Drew and Porter, /oc. cit.) : 





Platinum and Iridium, and of Associated Chlorine and Potassium. 1789 
Cl, %. Cl, %. 
Substance. Found. Calc. Substance. ’ : Calc. 


B-Pt(NHs),Cl ; 23°6 PtC,H,(NH,),Cl : 35°7 
y-Pt(NHg) Cl, ‘ PtC,H,(NH,),Cl, 34:5 








Iridium.—The determination of iridium (see Palmaer, Z. anorg. Chem., 1895, 10, 320) is 
more complicated than that of platinum or of palladium, because this metal is oxidised when 
heated in air; therefore simple ignition with sulphuric acid fails unless followed by some form of 
reduction. Our object was to obtain a micro-method applicable not only to simple co-ordination 
compounds of iridium and those with organic groupings, but also to those containing alkali 
metals; hence it was necessary to use a method of filtration at some stage in the process. In 
order to allow of subsequent reduction of the filtered iridium, the filter had also to be capable 
ofignition. A platinum micro-Neubauer crucible was found most suitable for the purpose, but a 
porcelain crucible with porous base (so-called ‘‘ porcelain micro-Neubauer ”’) can be used instead, 
although filtration is then slower and a longer period of cooling is necessary. 

The procedure first tried was to weigh the material into a small platinum capsule (0-6 cm. 
diam., 0-3 cm. height), which was then placed in the weighed filter-crucible ; two drops of residue- 
free 10% sulphuric acid were added to the capsule, and crucible and capsule were slowly ignited 
in hydrogen, cooled in carbon dioxide, and weighed; the potassium sulphate was then washed 
out with water through the Neubauer crucible without displacing the capsule, and the vessels 
were ignited as before and again weighed. It was found, however, that in the presence of 
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hydrogen considerable reduction of potassium sulphate to sulphite occurred, and therefore the 
method was useless for the determination of potassium. If, on the other hand, the ignition with 
sulphuric acid was conducted in air, the potassium was accurately estimated as sulphate by 
subsequently washing out and igniting the vessels in carbon dioxide, the state of oxidation of the 
iridium meanwhile remaining unchanged; the iridium was itself then accurately determined 
after reduction in hydrogen. 

The procedure finally adopted was as follows. The filter-crucible (a2) and inner capsule (b) 
were ignited in a current of purified hydrogen (15 mins.) in the hard-glass combustion tube shown 
in Fig. 1, the air having first been displaced by carbon dioxide, and were then cooled in a current 
of dry carbon dioxide (10 mins.) ; they were next allowed to cool in a micro-desiccator (20 mins.) 
and weighed after 5 mins. in the balance case. The capsule was removed from the crucible, 
dusted on the outside, and weighed together with the filter crucible (with lower cap in place, in 
the case of the Neubauer crucible); then the substance was placed in the capsule, the latter in 
the filter-crucible, and the weight again taken; the sulphuric acid (2 drops) was now added to the 
capsule, and the whole inserted in the combustion tube by means of the cradle (c) of platinum 
wire and the hooked glass rod (Fig. 2). The mixture was gradually heated to redness in a current 
of air, the tube allowed to cool until the crucible ceased to glow, the air replaced by carbon 
dioxide, and the cooling and weighing conducted as before. The filter crucible (without lowercap) 
was then placed in the rubber gasket of the usual suction apparatus (see Pregl, on the filtration 
of barium sulphate) and a fine jet of warm water was directed on the capsule and its surroundings 
until all alkali sulphate was removed (some 40 c.c. of water are required), as little iridium as 
possible being displaced from the capsule; the crucible (with lower cap replaced, in the case of 
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the Neubauer pattern) was then wiped, ignited in the combustion tube as before in a current of 
carbon dioxide, and again weighed. Thus the weight of potassium sulphate was available, but 
the iridium was still partially in the form of oxide; therefore the crucible was again ignited in 
hydrogen, cooled in carbon dioxide, and weighed as before described, giving the weight of 
iridium. 

This procedure is much simplified if the compound to be analysed contains no metal other 
than iridium, for it is then only necessary to ignite with sulphuric acid in a current of air, and to 
heat first in carbon dioxide and then in hydrogen, cool in carbon dioxide, and weigh. In these 
circumstances the filter crucible and capsule could doubtless be replaced by a platinum boat. 

It is evident that the foregoing method could be applied also to the analysis of platinum 
compounds containing alkali metals; in that case, filtration only would be necessary, reduction 
in hydrogen becoming superfluous owing to the stability of platinum in presence of oxygen. 
However, no tests on platinum compounds have yet been carried out. 

The following table shows the results of repeated analyses with several iridium compounds, 
and also with artificial mixtures of potassium chloride and an iridium compound. Analyses 
marked (P) were carried out with the porcelain filter crucible, the remainder being with the 
platinum Neubauer. 





Ir, %. iz, %. 
Amount Ir, spinanncenenDinionialian Amount Ir, 
Substance. taken. found. Found. Calc. taken. found. Found. Calc. 
4641 (P) 2°314 49°85 50°2 8189 (P) 4:110 50°2 50°2 
{Ir(NHj) ,Cl)Cl, 5°766 (P) 2-878 49°9 & 5°651 (P) 2°814 49°8 - 
8°805 (P) 4°409 50°1 a 13-923 6°981 50°15 ‘in 
(pyH)[Ir py,Cl,], 2°684 (P) 0°886 33°45 33°7 5-612 1-879 33°5 33°7 
orange isomeride | 4°409 (P) 1°495 33°85 ai 7°110 2-388 33°6 “ 
red isomeride 4°531 1-507 33°25 i 4°356 1-479 33°95 " 
iy, &. K, %. 
Amount KCl Ir, K,SO,, , A 7 “—— A 7o . 
Substance. taken. added. found. found. Found. Calc. Found. Calc. 
5°401 — 1-807 0°823 33°45 33°95 6° 6°9 
K(pyH)[Ir pyCl,] 7101 — 2-382 1-157 33°55 = 7°3 oa 
8°805 _— 2-993 1-391 34:0 i 71 i 
12-684 — 4°285 1-971 33°8 ye 6°95 iw 


[Ir(NH,),C1)Cl, 4°817 “888 (P) 2°436 3°372 31°6 31°4 19°65 19°65 


6°435 "838 3-215 6°789 26°2 26°3 24°8 24°95 
(py = C;H,N.) 


4°136 3°130 (P) 2-076 3°651 28°6 28°6 22°55 22°6 
2°8 
5°8 


Chlorine in the Presence of Iridium.—This determination was carried out by fusion in a 
platinum crucible with sodium carbonate-sodium nitrate as described on p. 1787; the melt was 
dissolved in cold water, the insoluble iridium and iridium oxide filtered off, the filtrate precipi- 
tated with a solution of silver nitrate in concentrated nitric acid, and the silver chloride estimated 
as usual {Found, with 6-140 mg. of K(py H)[Ir py Cl,] : 7-795 mg. AgCl; Cl, 31-45; with 5-096 
mg.: 6-386 mg. AgCl; Cl, 31-0. Calc. : Cl, 31-2%}. 


We thank H.M. Dept. of Scientific and Industrial Research for a grant, and the Chemical 
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396. Interpretation of the Phenozxtellurine Dibisulphate Reaction with 
Platinous Compounds. Micro-analysis of Platinum and Tellurium. 


By H. D. K. Drew. 


PHENOXTELLURINE dibisulphate (I) gives intensely purple colorations with a very few 
plato-diammines of the 8-(cis-)series, notably with $-diamminoplatinous chloride (Drew, 
Pinkard, Wardlaw, and Cox, J., 1932, 993) ; it gives no colour with the y-isomeride or with 
a-plato-diammines; the coloration is so sensitive that as little as 0-1% of the 6-dichloride 
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can be detected in admixture with either of its isomerides. A number of §-diammino- 
platinous chlorides, such as those of ethylenediamine and of ethylamine, give no colorations 
after recrystallisation and only traces of colour when freshly prepared; that of pyridine 
gives a persistent feeble reddish coloration. Tress, Wyatt, and Drew (J., 1933, 1338; 
this vol., p. 56) believed, chiefly for other reasons, that the 8-plato-diammines were of two 
structural types, ¢.g., 


NH,Cl 
Pee and ie a i, Hy. 
NH,Cl NH, 


If this were so, only the $-plato-diammines of the first type would be expected to give 
colorations with phenoxtellurine dibisulphate, since only these have formulze completely 
analogous with those of the tellurides, selenides, and other substances which the author 
has already shown to give exactly similar colorations with the dibisulphate. Those 6- 
plato-diammines which give only feeble colorations might well be mixtures of the two 
possible forms, the second form being in excess. Hence it was desirable to obtain experi- 
mental evidence of the nature of the coloured platinum complexes. 

Black colorations are also given by phenoxtellurine dibisulphate with ammonium or 
alkali chloroplatinite, and blackish or reddish colorations with the chloroplatinites of plato- 
tetrammines and -triammines. Plati-ammines or platinic salts never give such colorations, 
showing that the lower state of valency of the metal in the reactant is essential. Inthe case 
of palladium, where the palladic state is not very stable, the ammines do not give color- 
ations and there is only a very feeble coloration with alkali chloropalladites, indicating that 
a stable condition of the higher state of valency of the metal is also an essential. These facts 
suggested that when a coloured complex is formed the platinous atoms receive bisulphate 
radicals from phenoxtellurine dibisulphate and pass into a potentially platinic state by 
union with tellurium. 

The interaction of the dibisulphate with phenoxtellurine and with other tellurides has 
been shown (J., 1926, 223, 3054; 1927, 116; 1928, 506, 511) to be based on the following 
type of reaction : 


[ O<Es Te | (SO,H), + TeR, —> | O<Eaif#>Te-TeR,(SO,H) | (SO,H), 
(I. (IL.) 
the requirements for the generation of a purple complex being the lower state of valency of 
the metalloid in one of the reactants and the possession by at least one of them of a ring 


structure capable of becoming o-quinonoid. The bond between the two metalloid atoms of 
the coloured complex may be assumed to be covalent as in (II), or electrovalent, giving either 


(SO,H) 


| O<es > Te| [TeR,(SO,H),} or | O<be oie | og 


(III.) 


which are phenoxtellurylium salts of the hypothetical acids H,TeCl, and HTeCl, respec- 
tively. The form (II) was preferred for the crystalline complex because the simple aromatic 
ditellurides, TeR: we a themselves purple (Morgan and Drew, J., 1925, 127, 2307), 


whereas the ion 0<ci Te i is only red; but tautomerism between the forms (II) and 


Hy 
(III), initiated by the tendency of the Te—Te system to ionise to ee eee Te in the 
presence of the bisulphate ion, must be assumed in order to account for the changes which 
take place in solution. 

It is now found that the black substance produced when ammonium or potassium 
chloroplatinite is rubbed with phenoxtellurine dibisulphate is phenoxtellurylium plato- 
chloride (IV; see p. 1792). Although the reaction may be represented simply as a double 
decomposition (a), the preliminary changes of shade indicate that it is probably a complex 
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transformation in which the bisulphate ion migrates to platinum, giving the intermediate 
(V), and is then replaced by chlorine (6) : 

(a) (I) + K,PtCl, = 2KHSO, + (IV), 

(b) K,PtCl, ~~ 2KCl + PtCl,, 


(I) + PtCl, = O< E844! >Te(SO,H)-PtCl(SO,H), 


Vv 
(V) + 2KCl = (IV) + 2KHSQ,. ' 
The black material cannot be recrystallised, but it was shown to be a definite substance by 
full analysis, by several repetitions of the preparation and purification, and by semi-quanti- 
tative examination of its interaction with hydrochloric acid and with aqueous potassium 
chloride. 

With hydrochloric acid it reacts to give phenoxtellurine dichloride and chloroplatinous 
acid, whilst with aqueous potassium chloride it decomposes even in the cold into phenox- 
tellurine dichloride and potassium chloroplatinite. These reactions seem to indicate the 
presence in (IV) of the ions of formula (IVA), but since both these ions are only red, it is 
difficult to account for the black colour of the solid; hence it must be assumed that this 
form, if present, is tautomeric with (IVB), which represents a salt of the unknown acid 
H[PtCl,]; for reasons given later, it is at least possible that this acid would be black. 
Formula (IVC) represents a further possible tautomeric form which cannot be excluded; 
here the black colour could be attributed to the covalency linking Pt with Te (compare the 
tellurides of platinum). 


Q O 
CX OO) PtCl, CO PtCl, 
\Z 
Te j sie 
+ we 4 


(IVA.) (IVB.) (IVC.) 

In (IVB) and (IVC) the o-quinonoid state is assumed absent, since it has never yet 
been found in the phenoxtellurine series in association with halogen ions. The chloro- 
platinous acid and alkali chloroplatinite produced in the above reactions gave excellent 
specimens of the pink form of Magnus’s salt when treated with aqueous tetrammino- 
platinous chloride, even in presence of much hydrochloric acid. It is hoped to return to 
this point in a later paper. 

When Magnus’s green salt is rubbed with phenoxtellurine dibisulphate, it gives a reaction 
which, unlike the foregoing, depends upon the conditions; but experiments indicated that 
a proportion of {IV) was always present in the final product, along with reddish or purplish- 
red materials. The black substance probably occurs as a result of the tendency of Magnus’s 
salt to dissociate : 


O 


eQ 
> Pec 


3 


[Pt(NH,),]PtCl, ~~ [Pt(NH3),JCl, + PtCl,, 
since the presence of the plato-tetrammine could be demonstrated in the final product, 
although only in small proportion. A full examination of this complex reaction was 
not possible owing to the labile nature of the remaining coloured substances. 

The most interesting of the coloured platinum complexes are the purple products from 
the 8-plato-diammines. The example studied, that from the $-dichloride, proved difficult : 
for many months the purple complex was fugitive under all attempts to separate it from the 
associated products, breaking up into black, grey, or colourless materials. However, 
a method was at length found by which a homogeneous product could always be obtained. 
Finally, it was found that the purple substance could be dissolved in cold diluted sulphuric 
acid (75%, by vol.) and reprecipitated in pure crystalline condition by cautious addition of 
water. It is an intensely purple-black substance, having a distinct copper-like bronze. 
Analysis showed the substance to be C3,H4g0.3N,C1,S;Te,Pt,; it was therefore formed from 
two molecular proportions of the ammine and three of the dibisulphate, with loss of 
sulphuric acid. 
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Its constitution was worked out by studying its decomposition with warm glacial 
acetic acid or, better, with cold acetic anhydride, followed by the action of water on the 
product. Acetic anhydride at once decomposes the purple complex practically quantita- 
tively into a greenish- or bluish-black substance and phenoxtellurine sulphate and dibi- 
sulphate, the latter dissolving as sulphuric acid and phenoxtellurine sulphate. The black 
substance, when boiled with water, decomposes entirely into sulphuric acid and the original 
ammine. It was then found that an identical bluish-black material could be prepared by 
allowing acetic anhydride containing a little sulphuric acid to react upon the ammine. The 
analyses of these substances pointed to the formula 2Pt(NH3),Cl,,H,SO,; but neither of 
the materials was pure, since acetic anhydride tends to abstract sulphuric acid, an equili- 
brium being set up. The compound was, however, prepared in a nearly pure state by the 
action of fairly concentrated sulphuric acid upon the ammine; it was then quite black, and 
when decomposed by hot water or by cold aqueous sodium chloride gave approximately 
the theoretical quantities of sulphuric acid and ammine. These reactions leave no doubt 
that the compound is diamminodichloroplatosulphuric acid (V1), of which the alkali salts are 
probably unstable, thus accounting for the decomposition in the presence of ions. The 
behaviour of the substance precludes the view that it is the ammonium salt of a mixed 
Cossa’s acid (VII). 


([H] Pt(NH,Cl), [NH] Pt<¢ 
(VI.) (SO,) (SO,) (VII.) 


fin Fievncn, NH] P< Nic 


Tschugaev (J. Russ. Phys. Chem. Soc., 1915, 47, 213) records that B-Pt(NHg),Cl,, but 
not the «-isomeride, gives a dark green, almost black, coloration with concentrated sulphuric 
acid, and uses the reaction as a test for the $-dichloride. He does not seem to have deter- 
mined the composition of the coloured substance, but it is evident that his product was an 
impure sample of (VI). It is remarkable that this substance should be black, but it may be 
recalled that «-Pt py,(SO,) is also black in the anhydrous state (Gmelin-Kraut, “‘ Handbuch 
der anorg. Chem.,” Vol. V, Pt. III, p. 553). The simpler acids of this form, HPtCl, and 
H,[Pt(Cl,)-SO,—PtCl,], are unknown ; but in this paper the black colour of compound (IV) 
has already been tentatively ascribed to its being a salt of HPtCl, (cf. IVB). 

It was then clear that the purple substance must be a tellurylium salt of (VI), in further 
combination with a molecule of phenoxtellurine dibisulphate. There are several ways in 
which this complex could be represented structurally, triphenoxtellurylium tetrabisulphate 
diamminodichloroplatosulphate (VIII) being the most probable. This structure agrees with 
both the analytical data and the semi-quantitative decomposition reactions ; it represents a 
derivative of the acid H,TeCl,, and is thus in accord with the fact that free phenoxtellurine 


NH,Cl 


% 


“we 
‘ee 
, 

Or 


o 


(CIH,N),Pt” 
O, 


cma Wel 


(SO,H)q 


. 
me, 
. 
~ 
~ 
. 
. 
% 


SO,H - 





x4 
& 
\ 


(VIII) (IX,) 


QO 


is never produced during the formation or decomposition of the purple substance. It is 
clear that the platinum atoms in (VIII) are potentially in the platinic state, since the 
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Pt—Te bonds may become covalent if the third phenoxtellurine residue (anion) becomes 
ionised directly from the remaining pair of tellurium atoms instead of from oxygen. 

The substance may be compared with triphenoxtellurylium dibisulphate, likewise 
purple, which has been shown to be the most stable of the simpler tellurylium salts and may 
be written as (IX), 7.e., as a salt of the acid H,TeCl,. It differs from (VIII) in that it is 
recrystallisable from glacial acetic acid and that when decomposed by water it gives two- 
thirds of its tellurium as phenoxtellurine. 

The formation of (VIII) from 6-Pt(NH,),Cl, and phenoxtellurine dibisulphate can 
clearly be represented as an initial migration of a bisulphate group from tellurium to plati- 
num in each of two molecules of the plato-diammine, these two bisulphate groups then 
condensing with loss of a sulphuric acid molecule; free sulphuric acid is, in fact, found 
among the reaction products : 


(NH,Cl),Pt- --- Te<eoyg>0 ---S0,H 


sia SOW. Hy S008 pa 
(NH;Cl), Te€cn O,)H | 
Pt(NH,Cl), Te chHS0.. | 
SO,H- 6tt4 -SO,H (NH,Cl),Pt wer: Te<¢eyj>0- --S0O,H 


The addition of the third molecule of the dibisulphate then occurs by an obvious mechanism. 
In view of the structure of the purple complex, it might be expected that the interaction 

of alkali chloroplatinite and phenoxtellurine dibisulphate 

2 C.H, would give rise to the analogue (X), instead of to (IV). 
Cl.Pte--~ en O Evidence for the presence of this substance was sought, but 
2 so none was found beyond the detection of traces of sulphur 
in some of the samples of (IV); probably (X) is an actual 

Te <ceHiso intermediate which is changed into (IV) by chloride ions. 
(X.) c|’% CoH, It seems clear that the results of the present work 

support our view that the relationship between the «- and 
8-plato-diammine dichlorides is not merely that between ¢rans- and cis-isomerides but is also 
structural; for, if this be not the case, no explanation of the failure of the a-isomeride 
to form compounds of the types of (VI) and (VIII) appears possible. 

In the course of the present work it was found that phenoxtellurine dibisulphate pro- 
duces intensely purple complexes with tertiary aromatic phosphines, arsines, and stibines, 
but not with corresponding amines or bismuthines. The nature of the complexes has not 
yet been determined. 

Methods of Analysis.—Owing to the cost of the initial materials, only small quantities 
of the coloured complexes could be prepared, and their composition had therefore to be 
determined by microanalysis. Methods were worked out for the determination of platinum 
and tellurium in the same sample, and also for the determination of chlorine and of sulphur 
in the presence of these elements. The determination of nitrogen and of carbon required 
no modification of the ordinary methods. For (VIII) the hydrogen figure was always 
about 1% high; no explanation of this was obtained, but it is possible that traces of sulphur 
trioxide may have escaped absorption in the combustion tube. Details of the methods 
of analysis are given on p. 1796. 

[Note.—The dotted lines in the formule of this paper represent ionised linkings; in 
some cases the charges are also indicated. ] 


EXPERIMENTAL. 


In all cases the phenoxtellurine dibisulphate used was freshly crystallised from concentrated 
sulphuric acid, collected upon sintered glass, and drained on porous tile in a desiccator for about 
an hour. 

Phenoxtellurylium Platochloride (IV).—The following is the best method of preparation and 
purification. Phenoxtellurine dibisulphate (0°6 g.) and potassium chloroplatinite (0°46 g.; 
1 mol.) were ground in an agate mortar at intervals during 18 hrs. The mixture became red, 
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maroon, and finally a black paste, containing free sulphuric acid; it was triturated with cold 
water (7 c.c.) to remove potassium sulphate, chloride, and unchanged chloroplatinite, as well 
as a little phenoxtellurine sulphate (all of which were identified in the pale yellow washings), 
and filtered through hardened paper; the black solid was dried over phosphoric oxide (yield 
0°65 g.), ground, triturated with concentrated sulphuric acid (5 c.c.) to remove phenoxtellurine 
dibisulphate, and filtered through alundum; it was then triturated and washed with cold water 
(9 c.c.), filtered through hardened paper, dried, again ground, and then extracted with boiling 
glacial acetic acid (40 c.c.) in three portions, with filtration through hardened paper, the acetic 
acid removing phenoxtellurine dichloride. It was finally dried over powdered sodium hydroxide 
and phosphoric oxide, ground, and dried in an air stream at 105° to remove traces of acetic acid. 
An identical product resulted when ammonium chloroplatinite was used (Found: C, 22°85, 
22°65, 22°9; H, 1°7, 1°5, 1°6; Cl, 22°65, 22°85; Te, 19°5, 19°4, 19°65, 19°45, 19°3; Pt, 31°25, 
31°0, 31°25, 30°85, 30°7, 31°00; C:H:O:Cl: Te: Pt = 12: 101: 1:02: 4°04: 0°965: 1:00. 
C,,H,OCI1,TePt requires C, 22°75; H, 1°3; Cl, 22°45; Te, 20°15; Pt, 30°85%). It is a quite black 
powder, insoluble in acetic anhydride, insoluble in cold concentrated sulphuric acid but decom- 
posed on warming (yellow solution), very sparingly soluble in hot glacial acetic acid (yellow 
solution), and soluble in but decomposed by acetone (deep yellow solution). Cold water decom- 
poses it only very slowly, but boiling water soon partially decomposes it into platinous chloride, 
a little hydrochloric acid, and phenoxtellurine dichloride and oxide. Aqueous sodium or 
potassium chloride decomposes it in the cold, almost quantitatively into phenoxtellurine 
dichloride and alkali chloroplatinite; use of only 1 mol. of the former in an attempt to obtain 
KPtCl, gave instead K,PtCl, and PtCl,. With warm dilute or cold concentrated hydrochloric 
acid it decomposed into phenoxtellurine dichloride (73°84 mg. gave 42°5mgm. Calc. : 42°8 mgm.) 
and chloroplatinous acid [giving 66°9 mgm. of Magnus’s salt (Calc.: 70°1 mgm.) when pre- 
cipitated with Pt(NH,),Cl,]; however, the phenoxtellurine dichloride produced in this and 
similar experiments was always reddish and impure, but became colourless on recrystallisation 
from toluene (charcoal), having then the correct m. p.and mixed m. p. (265°, decomp.) ; on reduc- 
tion it gave pure phenoxtellurine, m. p. and mixed m. p., 78—79°. 

Phenoxtellurine oxide, One 
of silver oxide and water in a mortar for several days; the solid was extracted with boiling 
water, the extract giving colourless fluffy masses of thin needles which give no coloration with 
phenoxtellurine dibisulphate (Found : C, 45°65; H,2°7. C,,H,O,Te requires C, 46°2; H, 2°6%). 
When heated it gives phenoxtellurine and, apparently, diphenyl] ether. 

Preparation of Phenoxtellurine Diacetate.—The following is an improved method : phenox- 
tellurine (3 g.), dissolved in hot glacial acetic acid (11 c.c.), is treated with 3°4 g. of 10% hydrogen 
peroxide; heat is liberated and the solution becomes nearly colourless. On cooling, the pure 
diacetate separates (3°4 g.) ; a further crop can be obtained from the filtrate. The diacetate was 
converted into dibisulphate in the way already described (loc. cit.). 

Triphenoxtellurylium Tetrabisulphate Diamminodichloroplatosulphate (VIII).—Attempts to 
prepare this substance in the wet way failed or gave rise only to fugitive products. The following 
method was reproducible: phenoxtellurine dibisulphate (0°5 g.) and 6-Pt(NHs),Cl, (0°25 g.; 
1 mol.) were ground in an agate mortar for about 1 hr.; a very dark purple paste was obtained, 
which was rubbed with about 10 c.c. of cold sulphuric acid (75% by vol.) and filtered through 
sintered glass to remove grey solid; the clear deep-red filtrate was cautiously treated drop by 
drop with water, with shaking and cooling, till a purple precipitate commenced to form; it was 
then set aside in a closed vessel for some hours; the precipitate of minute purple needles was 
collected on glass or porous porcelain, dried on tile in air (yield, 0°46 g.), and then in a glass dish 
over phosphoric oxide for some days. At this stage, the substance was sometimes nearly pure 
(e.g., Found: C, 22-4; H, 2°8; N, 2°9; Te, 19°85; Pt, 19°9%), and sometimes impure (e.g., 
Found : C, 20°1; H, 2°6; Pt, 21°3%). Final purification was effected by dissolving the sub- 
stance (0°3 g.) in sulphuric acid (about 5 c.c.; concentration as above), and reprecipitating, 
collecting, and drying it as before (Found: C, 21°4, 22°15; H, 3°0, 3:1; N, 2°8; Cl, 7°75; 
S, 845; Te, 19°0; Pt, 19°4, 19°15. C,,H,O,,;N,Cl,S,Te,Pt, requires C, 21:9; H, 2°05; 
N, 2°8; Cl, 7:2; S, 81; Te, 19°4; Pt, 19°8%). It is a deep purple crystalline substance, 
appearing almost black when quite dry; it is stable in air when on tile, or in a vacuum over 
phosphoric oxide when on glass but not when on porous tile. It is hygroscopic; when warmed 
with water it at once decomposes into phenoxtellurine salts, sulphuric acid, and the original 
8-ammine, but gives no trace of free phenoxtellurine. With warm glacial acetic acid or with 
cold acetic anhydride it decomposes rapidly, leaving a greenish- or bluish-black precipitate 
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(Found: H, 2°75; N, 84; Pt, 57°4%) consisting of (VI) mixed or combined with free £- 
ammine salt ; e.g.,79°2 mgm. of air-dried substance gave 23°48 mgm. of the bluish-black substance, 
and the orange filtrate contained sulphuric acid and phenoxtellurine sulphate. An exactly 
similar blue-black material was prepared from finely ground §-Pt(NH;),Cl, and cold acetic 
anhydride (2 c.c.) to which three drops of concentrated sulphuric acid had been added; it was 
washed with ether and dried (Found: H, 2°85, 2°55; Cl, 21°3; S, 3°7; Pt, 57°25, 57°85, 57°6, 
58°4%); when treated with boiling water or with cold aqueous sodium chloride it decomposed 
into pure 8-ammino-chloride and sulphuric acid [11-7 mgm. required 1-7 c.c. 0°01N-Na,CO, 
(methyl-red). Calc.: 3°4 c.c.]; these results led to the ratios Pt: Cl: N = 1:2: 2, showing 
that the substance contained about equimolecular proportions of (VI), probably as dihydrate, 
and $-ammino-chloride. The substance was obtained in a much purer condition as described 
below, and it was then found to lose sulphuric acid somewhat readily. 

Diamminodichloroplatosulphuric acid (V1) was obtained in the form of a black powder when 
powdered B-Pt(NH;),Cl, was cautiously warmed with somewhat diluted sulphuric acid, kept under 
the acid, collected upon glass, and dried upon porous tile over phosphoric oxide. If the acid be 
too strong, oxidation sets in (odour of sulphur dioxide) and a yellow platinic salt (see below) is 
produced; the same is true when acetic anhydride is used. However, it has not been possible 
to obtain the material quite free from the original ammine. After being dried for 2 hrs., it was 
hygroscopic and then gave: Pt, 52°0%; 58°48 mgm. when decomposed with aqueous sodium 
chloride gave 37°5 mgm. of analytically pure 8-Pt(NH,),Cl, apart from that dissolved in the 
filtrate ; the filtrate required 13°5 c.c. of 0°01N-Na,CO, (Calc.: 15°5c.c.) ; after a further 2 days’ 
drying, it gave: H, 2°5; Pt, 53°0%; the dihydrate of (VI) (i.e., HygO,N,Cl,SPt,) requires 
H, 2°45; Pt, 53°2%; 53°26 mgm. required 11°95 c.c. of 0°01N-Na,CO, (Calc.: 14°15 c.c.). 
These data indicate that some 15% of free 8B-Pt(NH;),Cl, was still present in the purest specimen ; 
but the fact that water or the ions of sodium chloride decompose the substance into mineral 
acid and only the §-plato-diammine proves that no other impurity was present in appreciable 
amount. 

The yellow oxidation product (above) was probably the mixed plati-diammine, 
Pt(NH;),Cl,(SO,) (Found, in crude product: Pt, 50°9. Calc.: Pt, 49°25%). However, on 
recrystallisation from water, a rearrangement of the acid radicals occurs and $-Pt(NH;),Cl, 
separates, probably leaving the plati-sulphate in solution. 

Methods of Micro-analysis of Compounds containing Both Platinum and Tellurium.—The 
Carius method was unsuitable for the determination of either tellurium or platinum, whether 
silver nitrate was used to remove halogen or not : in the absence of silver nitrate, platinum was 
partly in solution with the tellurium; in its presence, most of the tellurium remained with 
platinum in the silver precipitate. In addition, part of the solid material may become firmly 
attached to the tube and may even colour the glass. 

Chlorine may be estimated in these substances by the Carius method, a good excess of silver 
nitrate being used and the precipitate, tube, glass capsule, and residue from the evaporated 
liquid being well extracted with ammonia (Drew, Tress, and Wyatt, this vol., p. 1788). No other 
element was determined simultaneously with chlorine. 

Platinum and tellurium were determined simultaneously (compare Scott, ‘‘ Standard Methods 
of Chemical Analysis ’’) by mixing the substance in an acorn-sized porcelain crucible with sodium 
carbonate (2 parts) and sodium nitrate (1 part), surrounding the mass with fusion mixture, 
placing the crucible on a clean platinum sheet, adjusting the lid, and fusing for } hr. to a red 
heat. After cooling, the fused mass was extracted with warm water, which was then acidified 
with nitric acid, becoming quite clear; platinum was filtered off on a weighed micro-Gooch 
filter which had been washed on the same day with hot concentrated nitric acid, and was then 
washed with 3c.c. of that reagent. The filtrate was evaporated to dryness on a water-bath in a 
50 c.c. beaker protected from dust, the residue dissolved in 10% hydrochloric acid, and 15 c.c. 
of freshly distilled concentrated acid added, the liquid being then heated during 1 hr. on the 
water-bath in the-covered beaker to reduce the tellurium to the tellurous state, and then again 
evaporated to dryness; the residue was again dissolved in 10% hydrochloric acid and filtered 
through filter-paper to remove the bulk of the silica derived from the crucible; the filtrate 
was again evaporated, the residue dissolved in 10% hydrochloric acid, and tellurium precipi- 
tated and collected (see Drew and Porter, J., 1929, 2091) upon another micro-Gooch filter 
(stabilised by nitric acid, as above) which was dried and weighed ; the tellurium carries down with 
it considerable silica, and is therefore dissolved out with warm concentrated nitric acid (3c.c.), 
the filter being re-weighed. The tellurium can be determined from the loss in weight, or repre- 
cipitated from the filtrate after removal of nitric acid; as these methods give sensibly the same 
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result, the second procedure is unnecessary. If a small platinum crucible and lid are used 
instead of porcelain, together with resistance-glass vessels and freshly distilled acids, there is no 
silica and both methods give the same result. Experience showed that no platinum was 
removed from or attached itself to the crucible and that no tellurium stained it; the usually not 
extensive dark stains on the crucible are due to a very thin layer of oxide (produced by the 
nitrate) which disappears at once when the crucible is heated to whiteness after the experiment. 

Platinum, sulphur, and tellurium were determined simultaneously by fusion as above in the 
platinum crucible. The platinum was filtered off without acidification and finally washed by 
hot concentrated nitric acid; or, better, it was filtered off after acidification with nitric acid and 
the filtrate completely evaporated on a water-bath. In either case nitrous and any nitric acid 
were completely removed by evaporation with 10 c.c. of distilled concentrated hydrochloric 
acid; barium sulphate was precipitated in a Schott dish from a small volume (3—5 c.c.) of liquid 
only weakly acid with a few drops of hydrochloric acid; the suspension was heated for 1 hr., 
cooled, and filtered through a micro-Neubauer crucible (Pregl). The filtrate from barium 
sulphate was precipitated by a slight excess of sulphuric acid and filtered, the filtrate evaporated 
to dryness with concentrated hydrochloric acid, and tellurium determined as before. Platinum 
and sulphur were also estimated similarly in absence of tellurium. 

The methods gave concordant results (see under the various compounds) on 5—20 mgm. of 
substance ; in several cases the values have been checked against those obtained for carbon in the 
same sample. No standard substances containing both platinum and tellurium are available 
for a check of the absolute figures, and it is doubtful if mixtures would answer the same purpose. 


The author thanks H.M. Dept. of Scientific and Industrial Research for a grant, and the 
Chemical Society and the Mond Nickel Company for valuable loans of platinum. 
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397. Amphoteric Aromatic Substitution. Part I. Reactions of Sodiwm 
Benzenediazoate and Nitrosoacetanilide. 


By Wi tam S. M. GRIEVE and DonaLp H. Hey. 


It is now well established (a) that an aromatic nucleus can display both anionoid and katio- 
noid reactivity, and (b) that the influence of any group R on the reactivity of the nucleus 
in R-C,H, towards substituting agents is, in general, most pronounced at the ortho- and 
para-positions. In substitution by a kationoid reagent (e.g., HNO) this is true whether R 
is a so-called ortho-para-directive * group or a so-called meta-directive group, in the former 
case the effect at the ortho- and para-positions being one of increased reactivity, and in the 
latter case one of decreased reactivity. In substitution by an anionoid reagent the effect 
is reversed, a so-called meta-directive group, such as NO,, now causing an enhanced reactivity 
at the ortho- and para-positions (Lapworth, J., 1901, 79, 1265; 1922, 121, 416; Mem. 
Manchester Phil. Soc., 1920, 64, No. 3; 1925, 69, xviii; Nature, 1925, 115, 625; Kermack 
and Robinson, J., 1922, 121, 427; Allan, Oxford, Robinson, and Smith, J., 1926, 401; 
Bradley and Robinson, J., 1932, 1254; Robinson, ‘‘ Outline of an Electrochemical Theory of 
the Course of Organic Reactions,” Institute of Chemistry, London, 1932; Ingold, Rec. 
trav. chim., 1929, 48, 797; Ann. Reports, 1928, 137; 1929, 132; 1930, 130; 1931, 115; 
etc.). Certain reactions, however, give rise to ortho-para-substitution irrespective of the 
nature of the so-called directing group R, but no attention appears to have been paid to this 
type of substitution in any of the recent surveys of the problem of aromatic substitution. 

Kiihling (Ber., 1895, 28, 41, 523; 1896, 29, 165) studied the reaction between dry sodium 
aryldiazoates and an aromatic compound in the presence of acetyl chloride or acetic acid. 
From the sodium salt of diazotised p-nitroaniline and benzene he obtained 4-nitrodiphenyl, 
and with toluene 4-nitro-2’-methyldiphenyl was formed (cf. Klieg] and Huber, Ber., 1920, 
53, 1646). Using nitrobenzene in place of benzene, he obtained 4: 4’- and 4: 2’-dinitro- 


* The terms ortho-para-directive and meta-directive signify, as usual, direction to substitution by 
kationoid reagents. 
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diphenyls. Bamberger (Ber., 1895, 28, 403) also utilised the above reaction with slight 
modifications, and later (ibid., 1897, 30, 366) he showed that nitrosoacetanilide would react 
with aromatic compounds to give biaryl compounds with the liberation of nitrogen, thus : 


Ph-N(NO):CO-CH; + C,H, —> Ph-Ph + CH,-CO,H + N, 


He does not appear, however, to have carried out the reaction with an aromatic compound 
containing a meta-directing group, but a close correspondence with the reactions of the 
diazoates would be expected, especially in view of the fact that both v. Pechmann and 
Frobenius (Ber., 1894, 27, 651) and Hantzsch and Wechsler (Amnalen, 1902, 325, 226) have 
shown that nitrosoacetanilide is probably tautomeric with benzene iso(antt)-diazoacetate, 
Ph-N(NO)-CO-CH, == Ph-N:N-O-CO-CHs. This correspondence is now confirmed, 
since, when nitrosoacetanilide was allowed to react in turn with (a) toluene, (b) 
chlorobenzene, (c) nitrobenzene, and (d) benzaldehyde, 4-methyldiphenyl, 4-chlorodi- 
phenyl, 4-nitrodiphenyl, and diphenyl-4-aldehyde respectively were isolated. Further 
examples of the utilisation of this reaction are also now given and in every instance sub- 
stitution occurs at the ortho- and/or para-positions with respect to the group already present. 

Gomberg and his co-workers (J. Amer. Chem. Soc., 1924, 46, 2339; 1926, 48, 1372) also 
have developed a method for the preparation of biaryl compounds, which affords further 
examples of this type of invariable ortho-para-aromatic substitution. Further examples 
of the application of their reaction for synthetic purposes have already been reported 
(J., 1932, 1888, 2245, 2636) and additional examples are included in the present communica- 
tion. 

In the reactions studied by Gomberg, two methods of procedure are possible. Either 
a solution of a diazonium salt is run into a mixture of aqueous alkali and an aromatic com- 
pound, in which case an excess of alkali is present throughout the reaction; or aqueous 
alkali is run into a mixture of the diazonium salt and the aromatic compound, in which case 
the bulk of the reaction probably takes place in a neutral medium. Gomberg and his 
workers found that such bases as aniline and the toluidines react better in the alkaline 
medium, whereas for nitro- and chloro-anilines the neutral reaction is the better (cf. 
Jolles and Camiglieri, Gazzetta, 1932, 62,720). It therefore became of interest to carry out 
reactions by both methods on toluene, m-xylene, chlorobenzene, etc., and to compare them 
with similar reactions on nitrobenzene, ethyl benzoate, etc., since the former reactants 
normally demand a kationoid and the latter an anionoid reagent in order to give substitution 
at the ortho- and para-positions. A series of experiments was carried out with benzene- 
diazonium chloride, both in alkaline and in neutral solution, successively with benzene, 
toluene, m-xylene, chlorobenzene, nitrobenzene, and ethyl benzoate. In each case the 
yield of biaryl compound was practically the same whether the reaction was carried out in 
alkaline or in neutral solution. It was thus apparent that the properties of the substituting 
agent were not appreciably affected by a change in the reaction medium from alkaline to 
neutral. 

A further point of interest which now arises is whether such substitution at the ortho- 
and para-positions with regard to (say) a methyl group proceeds with greater or less readi- 
ness than that at the ortho- and para-positions with respect to a nitro-group. Sodium 
benzenediazoate was therefore allowed to react with an equimolecular mixture of toluene 
and nitrobenzene, both in excess, and the yield of mixed isomeric nitrodiphenyls was about 
four times as great as the yield of isomeric methyldiphenyls. The same result was obtained 
whether the reaction was carried out in an alkaline or a neutral medium. Secondly, 
sodium benzenedjazoate was allowed to react with o-nitrotoluene and the only isolable 
product was 4-nitro-3-methyldiphenyl. The same product was obtained from the action 
of nitrosoacetanilide on o-nitrotoluene. No 3-nitro-4-methyldiphenyl could be detected in 
the product in either case. From these results it may be concluded that, in the substitution 
reactions under consideration, reaction at the ortho- and para-positions with respect to the 
nitro-group proceeds more rapidly than that at the ortho- and para-positions with respect 
to the methyl group. 

The above results clearly substantiate the fact that by means of these reactions it is 











@ @5 3 Of me 1 Oc ott ot st 


“St J hm ot wD 


rj 

















Amphoteric Aromatic Substitution. Part I. 1799 


possible to introduce a phenyl group into an aromatic nucleus C,.H;°R, the group znvariably 
entering at the para- and/or ortho-positions with respect toR. In order to fulfil these con- 
ditions it would appear that the substituting agent must be amphoteric in type, being 
capable of functioning alternatively asif it were a kationoid or an anionoid reagent as occasion 
demands. It is therefore significant to observe that the entering group in all these reactions 
is a phenyl or substituted phenyl group, which is well known to be capable of acting both 
as an electron source and as an electron sink (cf. Ingold, Ann. Reports, 1928, 25, 121; Ingold 
and Patel, J. Indian Chem. Soc., 1930, 7,95; etc.). It is highly probable that the reactions 
of the diazoates and of the nitrosoacylarylamines proceed by a similar mechanism and the 
results obtained are explained most readily by postulating a mechanism involving the 
formation and transient existence of free phenyl radicals, the free phenyl radical being 
capable of acting as a potential donor or acceptor of electrons, in virtue of which reaction 
will always ensue at the ortho- and/or para-positions to all directing groups. 

The suggestion of the decomposition of aliphatic diazo-compounds into free radicals is, 
of course, not new, but the authors are not aware of any previous implication that the 
reactions of the aromatic diazonium compounds and cognate substances proceed in this 
manner. In the decomposition reactions of the diazonium compounds, the view is held by 
Hantzsch and others that the reaction measured by observing the rate of evolution of 
nitrogen is the decomposition of an addition compound formed between the diazonium salt 
and the compound with which it reacts (reaction 6). Reactions (a) and (c) are regarded as 
rapid. 

(a) PhN,Cl + RH —»> PhN,C1,RH 
(6) PhN,Cl,RH —> PhN,R + HCl 
(c) PhN,R —> PhR + N, 


According to this mechanism the rate-determining stage would obviously be dependent on 
the nature of R. In 1926, however, Pray (J. Physical Chem., 1926, 30, 1417, 1477) studied 
the rate of decomposition of benzenediazonium salts in water and in a series of aliphatic 
alcohols and acids. He found that for a series of aliphatic alcohols the observed reaction 
velocities, as measured by the rate of evolution of nitrogen, were all of the same order and 
in the case of the lower members of the series were practically identical, 7.¢., the measured 
reaction was independent of the nature of R. Similar results were obtained with a series of 
aliphatic acids, though these constants were somewhat smaller than those observed in the 
alcohol series. In view of these results Pray claimed that Hantzsch’s mechanism was no 
longer tenable and concluded that no theory could be put forward which would explain 
satisfactorily all the then known facts. It appears, however, that a mechanism involving 
the formation of a free aryl radical would satisfy all the requirements of the results of both 
Pray and Hantzsch. The reaction velocity measured by the rate of evolution of nitrogen 
would then be the rate of formation of free aryl radicals, which would be a true unimolecular 
reaction, independent or practically independent of the second component, which merely 
acts as a medium for the decomposition. Other observations also lend support to this view. 
For example, although benzenediazonium chloride and methyl alcohol give mainly anisole, 
while with ethyl alcohol a considerable portion of the product consists of benzene (a mani- 
festation of the amphoteric character of the phenyl radical), yet the rate of evolution of 
nitrogen is the same in both cases. Further, the diazonium salts, alkali diazoates and 
nitrosoacylarylamines are all capable of spontaneous decomposition, the presence of a second 
reacting component being unnecessary. They thus resemble thermal decompositions, 
differing from them only in that the temperature required to effect the process is somewhat 
lower, and it is now well known that many thermal decompositions result initially in the 
formation of free radicals, which subsequently undergo reaction either with themselves, 
with unchanged reactant, or with any extraneous molecules which may be present. 

In order to gain further information on the mechanism underlying these reactions 
determinations were made of the velocity of reaction of nitrosoacetanilide with benzene and 
a series of its derivatives, as measured by the rate of evolution of nitrogen. These reactions 
take place in homogeneous solution and proceed at a conveniently measurable speed at or 
about room temperature (see experimental part). If the free-radical mechanism is valid, 
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then unimolecular velocity constants should be obtained, which would vary but little from 
case to case, since the reaction with the second component (solvent) would be a secondary 
one, involving one of the products—the free phenyl radical—of the primary unimolecular 
rate-determining reaction. Good unimolecular velocity constants were in fact obtainable 
for the greater part of the reactions, and the constants were all of the same order. The 
highest values were given with anisole, mesitylene, and nitrobenzene and were about one 
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and a half times as great as that of the lowest, given by toluene (see Figs. 1 and 2). The 
rate of evolution of nitrogen in carbon tetrachloride solution was also of the same order, 
being practically identical with the rate in chlorobenzene solution. In the decomposition 
of nitrosoacetanilide in glacial acetic acid solution, a smaller constant was obtained. These 
results resemble closely those of Pray (oc. cit.) and together they give support to the view 
that the reactions involved proceed by a mechanism of which the primary measurable 
reaction is the formation of a free aryl radical together with molecular nitrogen. 

It might be contended, however, that, if the free-radical mechanism were valid, some 
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polymerisation would occur with the formation of diphenyl, which should be found in 
appreciable quantity in the reaction product, whenever sodium benzenediazoate or nitroso- 
acetanilide were used, irrespective of the nature and presence of any second component. 
Actually diphenyl was never found in the product (apart from one instance) unless, of 
course, benzene was also present. On the other hand, there is reason to believe that free 
phenyl radicals, under conditions such as are encountered in these reactions, would not 
normally polymerise to give any appreciable quantity of diphenyl. Wieland and his co- 
workers, in their study of chemical reactions involving free radicals, have investigated the 
decomposition reactions of phenyl- and substituted phenyl-azotriphenylmethanes in 
so-called inert solvents (Wieland, Popper, and Seefried, Ber., 1922, 55, 1816; see also Ann. 
Reports, 1930, 27, 127), and they conclude that the azo-compounds decompose with the 
formation of free triphenylmethy] and pheny] (or substituted phenyl) radicals together with 
nitrogen molecules. They further state that the phenyl radicals so formed do not poly- 
merise to form the bimeric hydrocarbon, since a careful and extended search for diphenyl 
always proved fruitless. On the other hand, the formation of free phenyl radicals in the 
gaseous phase at relatively high temperatures, as, for example, in the thermal decom- 
position of tetraphenyl-lead (Dull and Simons, J. Amer. Chem. Soc., 1933, 55, 3898, 4328), 
does lead to diphenyl formation. Again, when a number of decomposition reactions of the 
type under consideration are carried out in the presence of benzene, the product contains 
not only dipheny] but also, in lesser quantity, ter-, quater-,and even quinque-pheny] as well. 
This seems to indicate reaction between a free radical and a hydrocarbon molecule (as in A), 
rather than reaction between two phenyl radicals (as in B), which could result in the 
formation of the binuclear hydrocarbon only : 


(A) Ph + C,H, —> Ph:Ph + H; Ph + Ph:Ph —> Ph-C,H,Ph + H; 
Ph + Ph-C,H,-Ph —> Ph-C,H,-C,H,:Ph + H; etc. 
(B) Ph + Ph—->» Ph-Ph 


The one example in which diphenyl formation was observed in the absence of benzene 
was the decomposition of nitrosoacetanilide in methyl-alcoholic solution. In this case it 
appears likely that the methyl alcohol functions as a reducing agent, thereby supplying 
sufficient benzene to account for the diphenyl formation : 


2Ph + CH,-OH —> 2C,H, + HCHO; Ph + C,H, —> Ph:Ph + H 


The isolation of formaldehyde in the reaction product adds confirmation to the validity of 
this mechanism, which recalls the reduction of benzenediazonium hydroxide by ferrous 
hydroxide, investigated by Jolles and Busoni (Gazzetta, 1932, 62, 1150), who also report the 
formation of diphenyl. 

In addition to the quantitative measurements described above, qualitative investiga- 
tions have also been carried out on the reactions of nitrosoacetanilide with various compounds 
of diverse types. In most solvents decomposition takes place readily, but it is not always 
possible to isolate definite reaction products, since the decomposition is frequently accom- 
panied by tar formation. When the reaction is carried out on a small scale, as, for example, 
in the quantitative experiments with benzene, at least 90% of the nitrogen is evolved and it 
is possible to isolate diphenyl in good yield. On a larger scale, however, the formation 
of tarry by-products cannot be avoided. Th the reaction with toluene and mesitylene, 
some acetaldehyde is formed. In acetic acid solution or in aqueous suspension nitroso- 
acetanilide gives some phenol and #-hydroxyazobenzene, while in carbon tetrachloride 
solution some #-hydroxyazobenzene ad benzenediazonium chloride are formed. In 
ether, malonic ester, and ethyl acetate solutions, decomposition proceeded with con- 
siderable evolution of nitrogen, but the products could not be identified, although in the 
case of malonic ester the red product probably contained the phenylhydrazone of mesoxalic 
ester. . 

Attention has also been given to the reactions of nitrosoacetobenzylamide in order to 
gain information on the manner in which the benzyl group would differ from the phenyl 
group, as shown in the reactions of nitrosoacetanilide. It is known that nitrosoacetobenzyl- 
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amide reacts with alcohols in the presence of potassium carbonate to give benzyl alkyl 
ethers (Paal and Lowitsch, Ber., 1897, 30, 869; Paal and Apitzsch, zbid., 1899, 32, 78) : 
CH,Ph:N(NO)-CO-CH, + Alk-tOH —-> CH,Ph-OAlk + N, + CH,°CO,H. The decom- 
position of nitrosoacetobenzylamide in an aromatic solvent, which does not appear to 
have been previously studied, proceeds readily with evolution of nitrogen in warm benzene, 
toluene, and chlorobenzene solution, but only after the addition of potassium carbonate. 
In each case the product of the decomposition is mainly benzyl acetate, together with some 
stilbene, thus indicating that the solvent served merely as an inert medium for the greater 
part of the reaction. If any action had taken place with the aromatic solvent, the product 
should contain, in addition, some diphenylmethane or a substituted diphenylmethane. In 
the reaction in benzene solution, diphenylmethane was actually identified by its oxidation 
to benzophenone, while in the other cases the products of similar oxidations, although 
ketonic in character, could not be identified as single substances, .but were probably 
mixtures of isomeric substituted benzophenones. Owing to the small yield in which these 
derivatives were formed, it was not possible to obtain sufficient material to make a separa- 
tion of the mixtures. In its decomposition to give benzyl acetate and stilbene, nitroso- 
acetobenzylamide behaves in a similar manner to nitrosobenzobenzylamide (v. Pechmann, 
Ber., 1898, 31, 2640), and the necessity for the addition of potassium carbonate indicates a 
close relationship to nitrosomethylurethane and to the aliphatic diazo-compounds. It 
would therefore seem likely that nitrosoacetobenzylamide would give phenyldiazomethane 
in the presence of potassium carbonate as the first stage in its decomposition : 


CH,Ph-N(NO)-CO-CH, + K,CO, —-> Ph-CHN, + CH,-CO,K + KHCO, 


The reactions of nitrosoacetobenzylamide thus simulate closely those of diazomethane, and 
the formation of benzyl acetate and stilbene is the natural outcome when the decomposition 
takes place in an inert solvent. In addition, however, to the main trend of the reaction, a 
side reaction appears to take place with the solvent, but only to a small extent, as follows : 


CH,Ph-N(NO)-CO-CH, + C,H, —> Ph-CH,Ph + N, + CH,-CO,H 


It is not possible to say whether the diphenylmethane is formed by the interaction of benzene 
with a benzyl radical (as in a) or with a phenylmethylene radical (as in 3) : 


(a) PhCH, + C,H, —> Ph-CH,Ph + H 
(6) PhCH + C,H, —> Ph-CH,Ph 


In the search for further evidence to support the view that the examples of amphoteric 
aromatic substitution here discussed proceed by a free-radical mechanism, attention is now 
being directed to other reactions, which might serve as sources of free aryl radicals under 
conditions similar to those employed in the present cases. Convenient reactions for these 
purposes have been found in the decomposition of arylazotriphenylmethanes and of aroyl 


peroxides. 
EXPERIMENTAL. 


Reactions with Sodium Benzenediazoate.—These reactions were carried out by the two methods 
described by Gomberg and his co-workers (loc. cit.). 

(i) With benzene. Aniline (93 g.) in concentrated hydrochloric acid (200 c.c., d 1-16) was 
diazotised in the normal manner, and the clear diazonium solution was divided into two equal 
parts. One half was used for method a and the other for method b. 

Method a. The diazonium solution was run into a vigorously stirred mixture of benzene 
(300 c.c.) and aqueaus sodium hydroxide (48 g. in 150 c.c.) at O0—5°. After 8 hours, during which 
the temperature was allowed to rise to 20—25°, the benzene layer was separated and distilled, 
dipheny] (14-5 g.) being obtained, b. p. 245—255° (yield, 19% calculated on the weight of aniline 
used). 

Method b. Aqueous sodium hydroxide (48 g. in 150 c.c.) was run into a vigorously stirred 
mixture of the diazonium solution and benzene (300 c.c.) at O—5°. The subsequent treatment, 
similar to that in method a, gave diphenyl (15 g., b. p. 245—255°). 

The following reactions were carried out by methods a and b as described above, unless other- 
wise stated. 
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(ii) With toluene. The crude fractions, obtained by distilling the toluene extracts under 
reduced pressure, were redistilled at atmospheric pressure. Method a gave 8 g. of methyldi- 
phenyls (b. p. 255—275°; yield, 10%) and method b gave 7 g. of methyldiphenyls (b. p. 255— 
275°; yield, 9%). 

(iii) With m-xylene. Method a gave 8 g. of 2:4-dimethyldiphenyl (b. p. 264—267°; 
yield, 9%), and method b gave 7 g. (b. p. 264—267°; yield, 8%). ‘ 

(iv) With chlorobenzene. Method a gave 14-5 g. of chlorodiphenyls (b. p. 265—285°; yield, 
15%), and method b gave 12 g. (b. p. 265—285°; yield, 138%). 

(v) With nitrobenzene. Method a gave, by distillation under reduced pressure, 8 g. of 
nitrodiphenyls (b. p. 180—210°/20 mm.; yield, 8%), and method b gave 6g. (b. p. 180—210°/ 
20 mm.; yield, 6%). In their reaction between sodium benzenediazoate and nitrobenzene 
Gomberg and Bachmann (J. Amer. Chem. Soc., 1924, 46, 2343) record the formation of 4-nitro- 
diphenyl only, but fractionation of the above products by further distillation gave both 4- 
nitrodiphenyl (m. p. 114°) and 2-nitrodiphenyl. The latter was identified by reduction and 
acetylation to 2-acetamidodiphenyl (m. p. and mixed m. p. 118—119°). The reaction is thus 
similar to that between sodium p-toluenediazoate and nitrobenzene, which gives both 4-nitro- 
4'-methyldipheny]l and 2-nitro-4’-methyldiphenyl (Grieve and Hey, J., 1932, 1893). 

(vi) With ethyl benzoate. Method a gave 15-5 g. of ethyl diphenylcarboxylates (b. p. 180— 
210°/15 mm.; yield, 14%), and method 6 gave 13-5 g. (b. p. 180—210°/15 mm.; yield, 12%). 
Redistillation of the products gave ethyl diphenyl-4-carboxylate, b. p. 325—-330° (cf. Débner, 
Annalen, 1874, 172, 114), which solidified when cold, and a lower fraction (b. p. 314—316°) 
probably containing ethyl diphenyl-2-carboxylate (cf. Graebe and Rateanu, Annalen, 1894, 
279, 260). 

(vii) With o-nitrotoluene [with C. HorrEx]. This reaction was carried out according to 
method 6, 93 g. of aniline being used. The o-nitrotoluene layer was separated, washed with 
concentrated hydrochloric acid and water, dried over calcium chloride, and distilled. The 
excess of o-nitrotoluene was collected at atmospheric pressure (up to 245°), and the residue under 
reduced pressure. A red viscous liquid was obtained (18-5 g., b. p. 175—195°/2 mm.), which 
would not solidify at —10°. A portion (13 g.) was reduced by means of stannous chloride (70 g.) 
in alcoholic hydrochloric acid solution, and the resulting liquid base, isolated in the normal 
manner, gave on acetylation 4-acetamido-3-methyldiphenyl, which separated from aqueous 
alcohol in small needles, m. p. and mixed m. p. 166° (Grieve and Hey, J., 1932, 2247). Evapora- 
tion of the mother-liquor yielded further quantities of this compound, and no indication of the 
presence of a second acetamidomethyldiphenyl was obtained. A second portion of the reaction 
product (5-5 g.) was oxidised by heating for 6 hours in acetic acid (100 c.c.) with the gradual 
addition of a hot solution of chromic anhydride (25 g.) in 90% acetic acid, and was then poured 
into water. The pale yellow solid which separated was recrystallised from aqueous alcohol, 
4-nitro-3-methylbenzoic acid being obtained, m. p. and mixed m. p. 214°. No other nitrotoluic 
acid could be detected in the mother-liquor. 

(viii) With a mixture of toluene and nitrobenzene. This reaction was carried out by both 
method aand method 6. 93G. of aniline were used in each case, together with aqueous sodium 
hydroxide (100 g. in 300 c.c.), 317 c.c. of toluene, and 307 c.c. of nitrobenzene. From method a 
a liquid fraction was obtained (31 g., b. p. 150—210°/18 mm.), which was separated on redistilla- 
tion into two fractions, {i) b. p. 260—300°/760 mm., 5 g., consisting of a mixture of methyldi- 
phenyls, and (ii) b. p. above 300°/760 mm., 24 g., consisting mainly of 4-nitrodipheny] (m. p. 
and mixed m. p. 114°) together with some 2-nitrodiphenyl. Similarly, method b gave a product 
(16 g., b. p. 160—230°/30 mm.) which on redistillation gave two fractions, (i) b. p. 260—300°/ 
760 mm., 3 g., consisting of methyldipheny]ls, and (ii) b. p. above 300°/760 mm., 12 g., consisting 
of nitrodiphenyls. 

Reactions with Nitrosoacetantlide.—Qualitative. Nitrosoacetanilide was prepared by passing 
nitrous fumes into a solution of acetanilide (20 g.) in glacial acetic acid (100 c.c.) at 5—10° 
until a dark green colour developed (cf. Fischer, Ber., 1876, 9, 463; Bamberger, ibid., 
1894, 27, 915). The yellow solid which separated when the solution was poured into 
water was filtered off, washed well with water, and dried, first by suction and finally on a 
porous tile. The material so obtained was crystalline (m. p. 50—51°, decomp.) and could 
be kept in a desiccator for a few days without serious decomposition. On rapid heating, it 
exploded. MRecrystallisation could be effected from ether or light petroleum, the product 
separating in fine yellow needles (m. p. 51—52°), but although of better appearance than the 
non-recrystallised product, it invariably turned brown and decomposed more rapidly on keeping. 
The following qualitative experiments were carried out with nitrosoacetanilide ; 
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(i) With benzene (cf. Bamberger, Ber., 1897, 30, 366). Nitrosoacetanilide (2 g.) was dis- 
solved in benzene (100 c.c.) and kept at room temperature. The yellow solution became darker 
and nitrogen was steadily evolved. After 2 days, 248 c.c. of nitrogen (measured at N.T.P.) had 
been evolved, which, assuming that the nitrosoacetanilide is 100% pure, represents over 90% of 
the nitrogen content. Actually the percentage of nitrogen evolved must be greater than this, 
since it is very improbable that the nitrosoacetanilide is entirely free from water and possibly 
some acetanilide. On the other hand, if any appreciable time is expended in attempting to 
remove the final traces of water, the advantage thus gained is outweighed by the incipient 
decomposition which sets in. Further, in the above computation no allowance has been made 
for the solubility of nitrogen in the benzene. After the removal of the excess of benzene and 
acetic acid, diphenyl was obtained (1-5 g.; yield, 80%). 

On repeating this experiment on a larger scale (25 g. of nitrosoacetanilide in 1000 c.c. of 
benzene), the yield of diphenyl was reduced to 40% in spite of vigorous stirring and careful 
temperature control. There was a considerable tarry residue. No evidence could be obtained 
of the formation of either acetaldehyde or pheny] acetate during this experiment. 

(ii) With toluene (cf. Bamberger, Joc. cit.). A solution of nitrosoacetanilide (6 g.) in toluene 
(150 c.c.) was kept at room temperature. Nitrogen was freely evolved. After completion of 
the reaction distillation gave acetaldehyde, toluene, acetic acid, and finally methyldiphenyls 
(3 g., b. p. 260—275°) and a higher-boiling black residue. 

(iii) With m-xylene. A solution of nitrosoacetanilide (2 g.) in m-xylene (100 c.c.) evolved 
nitrogen at room temperature. Distillation of the product gave acetaldehyde, acetic acid, 
m-xylene, and 2 : 4-dimethyldipheny] (1 g., b. p. 260—265°). 

(iv) With mesitylene (cf. Hey, J., 1932, 2638). Nitrosoacetanilide (2 g.) in mesitylene (100 
c.c.) readily evolved nitrogen, and distillation yielded acetaldehyde, acetic acid, mesitylene, 
and 2: 4: 6-trimethyldipheny] (1 g., b. p. 265—275°). 

(v) Withchlorobenzene. The product from nitrosoacetanilide (2 g.) in chlorobenzene (100 c.c.) 
gave on distillation acetic acid, chlorobenzene, and a yellow oil (b. p. 240—280°), which was 
heated on the water-bath with a solution of bromine inaceticacid. When cold, a solid separated, 
which on recrystallisation from alcohol gave 4-chloro-4’-bromodiphenyl, m. p.and mixed m. p. 
154—-155° (Shaw and Turner, J., 1932, 285). 

(vi) With nitrobenzene. Nitrosoacetanilide (15 g.) was added gradually to nitrobenzene 
(200 c.c.). The solution became warm and nitrogen was steadily evolved. After 2 days the 
excess of nitrobenzene was removed, and the residue distilled under reduced pressure. Two 
fractions were obtained, (i) b. p. 175—190°/20 mm., and (ii) b. p. 190—210°/20 mm. The 
former was identified as 2-nitrodiphenyl by reduction and acetylation to give 2-acetamidodi- 
phenyl, while the latter solidified and on recrystallisation from alcohol gave 4-nitrodiphenyl. 

(vii) With ethyl benzoate. A solution of nitrosoacetanilide (15 g.) in ethyl benzoate (200 c.c.) 
gradually evolved nitrogen. Distillation of the product gave a mixture of ethyl diphenyl- 
carboxylates (b. p. 310—330°). 

(viii) With benzaldehyde. Nitrosoacetanilide (20 g.) was added gradually to benzaldehyde 
(135 c.c.) cooled in ice. The clear solution was kept for several days at room temperature. 
On distillation, acetic acid and benzaldehyde were collected, leaving a residue which contained 
much benzoic acid. It was therefore dissolved in benzene and washed with aqueous sodium 
carbonate. After removal of the benzene two fractions were collected, (i) b. p. 150—220°, 
consisting mainly of benzaldehyde, and (ii) b. p. 220—300°, which solidified when cold (5-7 g.). 
Crystallisation from light petroleum and then from aqueous alcohol yielded benzanilide (m. p. 
and mixed m. p. 158—160°). After the removal of further portions of benzanilide the mother- 
liquors were evaporated and the residue was treated with 2 : 4-dinitrophenylhydrazine in the 
presence of alcohol and concentrated sulphuric acid (cf. Brady, J., 1931, 756); a dark red 
precipitate was immediately formed, which on recrystallisation from alcohol-toluene gave 
p-phenylbenzaldehyde-2 : 4-dinitrophenylhydrazone, m. p. and mixed m. p. 236—238° (cf. Hey, 
J., 1931, 2477). 

(ix) With o-nitrotoluene [with C. HorREx]. Nitrosoacetanilide (10 g.) was added gradually 
to o-nitrotoluene (60 c.c.), and the solution left for 2 days. The excess of o-nitrotoluene and 
acetic acid were removed by distillation at atmospheric pressure, and the residue collected at 
175—195°/2 mm. (2 g.). Reduction and acetylation, as described under the corresponding 
reaction with sodium benzenediazoate, gave 4-acetamido-3-methyldiphenyl, m. p. and mixed 
m. p. 165—166°. 

(x) With acetic acid. A solution of nitrosoacetanilide (16 g.) in glacial acetic acid (150 c.c.) 
was kept for severaldays. After the evolution of nitrogen had ceased, water was added, which 
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precipitated p-hydroxyazobenzene (m. p. and mixed m. p. 150—152°); phenol was extracted 
from the filtrate and identified by formation of tribromophenol. 

(xi) With water. A suspension of nitrosoacetanilide (15 g.) in water (300 c.c.) was kept, 
with frequent shaking, for several days. The solid in suspension was then filtered off and 
shown to be p-hydroxyazobenzene. Addition of bromine water to the filtrate deposited 
tribromophenol. 

(xii) With carbon tetrachloride. A solution of nitrosoacetanilide (15 g.) in carbon tetra- 
chloride (200 c.c.), on standing for several days, became very dark and gradually deposited a 
solid, which was filtered off. This solid (4 g.) commenced to decompose after one day, with 
liberation of hydrogen chloride. It was shaken with cold water and filtered. The insoluble 
residue consisted of p-hydroxyazobenzene; the filtrate gave (a) a red precipitate with alkaline 
8-naphthol, (6) nitrogen and phenol on warming, and (c) a precipitate of silver chloride with 
silver nitrate solution and nitric acid. The filtrate therefore probably contained benzene- 
diazonium chloride. 

(xiii) With methyl alcohol. A solution of nitrosoacetanilide (25 g.) in methyl] alcohol (200 c.c.) 
was left for some days, and then distilled. After removal of the excess of methyl alcohol, dis- 
tillation was continued under reduced pressure to give a main fraction, b. p. 150—180°/30mm., 
which solidified. Recrystallisation from alcohol gave diphenyl (m. p. and mixed m. p. 70°). 
Addition of aqueous 2: 4-dinitrophenylhydrazine hydrochloride to the recovered methyl 
alcohol gave a copious precipitate of formaldehyde-2 : 4-dinitrophenylhydrazone (m. p. and 
mixed m. p. 157—159°). 

(xiv) With ethyl acetate, ethyl malonate, and ether. Solutions of nitrosoacetanilide in these 
solvents readily evolved nitrogen. In the case of ethyl acetate and ether, acetaldehyde was 
detected in the product, while in the case of malonic ester a red product was obtained having the 
characteristics of the phenylhydrazone of mesoxalic acid. 

Quantitative. The measurements of the rate of evolution of nitrogen from solutions of nitroso- 
acetanilide were carried out at 20°, the reaction vessel being submerged in a thermostat and 
the volume of gas liberated being measured at } hour intervals over a period of 6 or 7 hours by 
collection in an ordinary nitrometer. In each experiment 2 g. of nitrosoacetanilide were used 
in 100 c.c. of solvent, the latter being previously saturated with dry nitrogen at the required 
temperature. The complete apparatus consisted of three separate reaction vessels, each 
connected to a nitrometer, so that measurements could be made simultaneously in duplicate or 
triplicate. Independent experiments were carried out to find (a) the effect of stirring during 
the reaction (compare inier alia, Lamplough, Proc. Camb. Phil. Soc., 1908, 14, 580), (b) the effect 
of light, and (c) the effect of increasing the glass surface exposed to the solution. In all three 
cases, however, the effects were small and within the limits of accuracy obtainable from the 
apparatus. About 20—30 c.c. of nitrogen were allowed to escape before periodical readings 
were commenced, and the final volume was recorded after the lapse of at least 24 hours. The 
volumes of gas evolved were corrected, and the results obtained by plotting log [V,, /(V,, — V;)] 
against ¢, where V,, is the final observed volume, and V; the volume at time #, are shown in 
Figs. 1 and 2, together with the unimolecular velocity constants k. In every case (except in 
acetic acid solution) at least 70% of the reaction is complete within 5} hours. The total volumes 
of nitrogen liberated from the different solutions differ from case to case. An exact comparison 
of the figures is not possible owing to the difficulty of preparing uniformly pure nitrosoacetani- 
lide each time, but it was apparent that with benzene and its homologues, chlorobenzene and 
acetic acid, the total volume of nitrogen evolved from 2 g. of nitrosoacetanilide was 200—248 c.c., 
while with anisole and carbon tetrachloride the total volumes were smaller (120—140 c.c.). 
Nitrobenzene occupied an intermediate position, giving 180—190 c.c. of nitrogen. In the case 
of acetic acid, only about 15% of the reaction is completed within 54 hours, and the velocity 
constant recorded was calculated, not from the curve shown in Fig. 2, but from a curve repre- 
senting the course of the reaction over a period of 35 hours. 

Reactions with Nitrosoacetobenzylamide.—Acetobenzylamide was prepared by the method of 
Nicholas and Erickson (J. Amer. Chem. Soc., 1926, 48, 2174) or by the direct acetylation of 
benzylamine, prepared by the method of Ing and Manske (J., 1926, 2348). It boiled at 300— 
302° and was converted into nitrosoacetobenzylamide by passing nitrous fumes into its solution 
in cold acetic acid until a dark green colour was developed. The solution was then poured on 
ice; the nitroso-compound separated as a yellow solid, which melted to a yellow oil as the 
temperature rose, and was extracted with ether. The ethereal extract was washed with sodium 
bicarbonate solution and dried over sodium sulphate, after which the solvent was removed at 
room temperature under diminished pressure, leaving the nitrosoacetobenzylamide as a thick 
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yellow oil. If any heat is applied to assist the removal of the solvent, a violent explosion may 
result. 

The following reactions were carried out with nitrosoacetobenzylamide. In each case the 
nitrosoacetobenzylamide (20 g.) was dissolved in the aromatic solvent (150 c.c.), potassium 
carbonate (5 g.) was added, and the whole heated under reflux on the steam-bath for 2 hours; 
nitrogen was then freely evolved. The liquid was poured off from the potassium salts and 
distilled. 

(i) With benzene. After removal of the excess of benzene, two fractions were collected, 
(i) b. p. 210—230° (9 g.) and (ii) b. p. 230—270° (3-5 g.). Fraction (i) on redistillation gave 
benzyl acetate (b. p. 216—220°); fraction (ii), which completely solidified, was recrystallised 
from absolute alcohol and gave stilbene in white plates, m. p. and mixed m. p. 124° (Found: 
C, 93-2; H, 6-9. Calc. for C,,H,,: C, 93-3; H, 6-7%). A repetition of the experiment, with 
doubled quantities, gave three fractions on distillation, (i) b. p. 210—230° (17-8 g.), (ii) b. p. 
230—290° (3 g.), and (iii) b. p. 290—340° (2 g.). Fraction (i) gave benzyl acetate (16-7 g.). 
Fractions (ii) and (iii) were triturated with light petroleum and filtered. ‘The crystalline residue 
consisted of stilbene (0-8 g.), and further quantities were obtained from the filtrates on distilla- 
tion. Finally, a fraction (2 g.), b. p. 240—280°, from which no more stilbene could be separated, 
was boiled for 2 hours in acetic acid solution with the gradual addition of a solution of chromic 
anhydride (2 g.) in 90% acetic acid. The product was poured into water, extracted with ether, 
washed with aqueous sodium hydroxide, and dried. Acidification of the alkaline washings 
precipitated benzoic acid. Evaporation of the ether left an oil, which on treatment with 2 : 4- 
dinitrophenylhydrazine and sulphuric acid in the presence of alcohol (cf. Brady, loc. cit.) gave 
an immediate red precipitate. Crystallisation from benzene—alcohol gave benzophenone-2 : 4- 
dinitrophenylhydrazone, m. p. and mixed m. p. 233—235° (Found: N, 15-8. Calc. for 
C,,H,,0O,N,: N, 15-56%). When pure benzyl acetate was oxidised in this manner, benzoic acid 
only was formed and no ketonic or aldehydic product. 

(ii) With toluene. After removal of the excess of toluene, two fractions were collected, (i) 
b. p. 200—230° (11-5 g.), and (ii) b. p. 230—300° (2-5 g.). The former consisted mainly of 
benzyl acetate, and the latter of stilbene (m. p. and mixed m. p. 124°). After the removal of 
these two compounds an intermediate fraction (2 g., b. p. 240—270°) was obtained, which on 
oxidation with chromyl] chloride, according to the method of Perkin and Law (J., 1908, 93, 
1637), gave an oil which readily reacted with 2 : 4-dinitrophenylhydrazine. The red product, 
even after repeated crystallisation, melted indefinitely at 165—173°. 

(iii) With chlorobenzene. As above, two fractions were collected, (i) b. p. 200—230° (9 g.), 
consisting mainly of benzylacetate, and (ii) b. p. 230—300° (2-5 g.), consisting mainly of stilbene. 
Oxidation of a small intermediate fraction by means of chromic anhydride in acetic acid solution 
gave an oil, which with 2: 4-dinitrophenylhydrazine gave a derivative, m. p. 185—200°. 
Repeated crystallisation from absolute alcohol raised the melting point to 212—218°, but the 
greater portion still melted below 200°. 

The 2: 4-dinitrophenylhydrazones of 4-methylbenzophenone and of 4-chlorobenzophenone, 
prepared by Brady’s method, melt at 199—200° and 184—185° respectively (Found : N, 14-7, 
and 13-7. C,H,,O0,N, requires N, 14-9%. Cj, 9H,,;0,N,Cl requires N, 14-1%). 
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398. The Caryophyllenes. Part I. 
By W. C. Evans, G. R. RAMAGE, and J. L. SIMONSEN. 


ALTHOUGH the clove oil sesquiterpenes, the so-called caryophyllenes, have been extensively 
investigated (for references, see Simonsen, ‘‘ The Terpenes,” Vol. 2, pp. 513—527), little 
progress has been made in the elucidation of their constitutions. This mixture of sesquiter- 
penes consists essentially of three hydrocarbons, designated respectively «-, -, and 
y-caryophyllene, the first of these being in all probability identical with the hop oil sesqui- 
terpene, humulene (Chapman, J., 1928, 785; 1929, 359). From the hydrocarbons, well- 
defined crystalline derivatives have been prepared: these we have used for degradative 
experiments, since the hydrocarbons themselves are inseparable and the proportion of any 
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one present in different samples of clove oil shows considerable variation. Although our 
experiments are only in a preliminary stage, we place them on record because one of us can 
no longer participate in the investigation. 

Our intention is to prepare from the crystalline nitrosite (or nitrosochloride) the corre- 
sponding saturated amine, and convert this through the alcohol into the unsaturated hydro- 
carbon, from which it is hoped to obtain simple degradation products enabling us to deduce 
the structure of the parent hydrocarbon. 

From the blue @-caryophyllene nitrosite (Deussen and Lewisohn, Annalen, 1907, 356, 
13), by vigorous reduction with sodium and alcohol, aminodihydro-$-caryophyllene 
(Semmler and Mayer, Ber., 1911, 44, 3678) was prepared. This base does not yield any 
well-defined derivatives and is probably a mixture of stereoisomerides. On catalytic 
hydrogenation, aminotetrahydro-8-caryophyllene was obtained, from which, by the action of 
nitrous acid, followed by dehydration, dihydro-8-caryophyllene was prepared. This hydro- 
carbon differs markedly in its physical properties from the two isomeric dihydrocaryophyl- 
lenes described by Deussen (J. pr. Chem., 1927, 117, 273). Preliminary experiments have 
shown the hydrocarbon to be readily attacked by oxidising agents: the products will be 
discussed in a future communication. 

From humulene («-caryophyllene) nitrosochloride we have prepared, by the action of 
pyridine, a mixture of nitrosohumulenes, from which a crystalline nitrosohumulene, m. p. 
126—127°, has been separated. This is identical probably with the substance, m. p. 128— 
129°, obtained by Deussen, Loesche, and Klemm (Amnalen, 1909, 369, 47) by the action of 
sodium ethoxide or propoxide on the nitrosochloride. On mild reduction with sodium 
and alcohol the crystalline nitrosohumulene yields aminodithydrohumulene, characterised by 
the preparation of an acetyl derivative, m. p. 142°. This base differs from aminodihydro-8- 
caryophyllene in that it is apparently homogeneous. 

During the examination of the degradation products of dihydro-8-caryophyllene it soon 
became apparent that it was of fundamental importance to determine the structure of 
caryophyllenic acid. This acid, CgH,,0,, first isolated as an oil by Semmler and Mayer 
(loc. cit., p. 3663), has been shown by Ruzicka, Wind, and Bardhan (Helv. Chim. Acta, 
1931, 14, 410, 423) to be not homogeneous, evidence being obtained of the presence of 
two crystalline acids, m. p. 145—150° and 66—75°, respectively. The two acids were 
not obtained pure, but analysis suggested that the former acid had the composition 
C,H,,0, and the latter C,H,,0,. The composition of the latter acid was confirmed by 
the preparation from its methyl ester of crystalline tetramethyl and tetraphenyl glycols. 
Somewhat remarkable results were obtained by the degradation of these glycols, the latter 
yielding as.-dimethylsuccinic acid and the former «a«’«’-tetramethylglutaric acid. It is 
obvious that the latter acid can only result from some profound molecular rearrangement. 

By the oxidation of caryophyllene (Deussen’s y-caryophyllene, recovered from the 
preparation of the nitrosite) with potassium permanganate in acetone solution, followed by 
nitric acid, we have prepared a considerable quantity of crude caryophyllenic acid. This 
on purification through its methyl ester (p. 1809) was separated into fractions which gave on 
hydrolysis (i) as.-dimethylsuccinic acid, (ii) a strongly dextrorotatory acid, C,H,,0,, 
m. p. 125—127°, norcaryophyllenic acid, and (iii) caryophyllenic acid, C,H,,0,, m. p. 80— 
81°. The last acid can be readily separated from the appropriate ester fraction because it 
yields a potassium salt which is sparingly soluble in methyl alcohol (compare Deussen and 
Hacker, J. pr. Chem., 1929, 122, 261). 

Our acid, m. p. 80—81°, is undoubtedly identical with Ruzicka’s somewhat impure 
acid, m. p. 66—75°, but the relationship of norcaryophyllenic acid to Ruzicka’s acid, m. p. 
145—150°, is obscure. Like the last, our acid is a cis-acid, since it yields a liquid anhydride 
by the action of acetyl chloride, and it is possible that the higher-melting acid is the racemic 
modification. 

Adequate grounds have been given by Ruzicka and his collaborators for rejecting 
Semmler and Mayer’s suggestion that caryophyllenic acid is a methylnorpinic acid, and the 
isolation of norcaryophyllenic acid affords further support to this view, although we have no 
evidence at present that norcaryophyllenic and caryophyllenic acids are related to one 
another as norpinic and pinic acids. Norcaryophyllenic acid resembles very closely in its 
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properties the levorotatory acid, umbellaric acid, m. p. 121°, obtained by Tutin (J., 1906, 
89, 1115) by the oxidation of umbellulone. By the kindness of Dr. T. A. Henry we have 
been able to compare norcaryophyllenic acid with a specimen of Tutin’s acid, and the 
comparison leaves no doubt that the two acids are not stereoisomerides. Unlike umbellaric 
acid, norcaryophyllenic acid does not form a hydrate when crystallised from water, and a 
mixture of the two acids, in proportions which would yield the dl-acid, melts indefinitely 
from 50—80°. The stability of norcaryophyllenic acid to mineral acids (it is not attacked by 
hydrochloric acid at 120°) renders it very improbable that it is a cyclopropane acid, and on 
other grounds a cyclobutane structure is equally improbable. We suggest, therefore, that 
it is a methylcyclopentanedicarboxylic acid. Owing to its stability the determination of its 
constitution is difficult, but we have found (p. 1809) that bromination, followed by the elimin- 
ation of hydrogen bromide, yields dehydronorcaryophyllenic acid, CgHygO,, m. p. 193°. 
This acid is unstable to potassium permanganate and it is hoped,.when more material is 
available, to examine its oxidation products. 


EXPERIMENTAL. 


A minodihydro-B-caryophyllene.—8-Caryophyllene nitrosite (16 g. from caryophyllene 50 c.c.) 
in absolute alcohol (250 c.c.) was added to sodium (24 g.) and at the end of the vigorous reaction 
the alcohol was removed by steam distillation. The amine was extracted in ether, purified from 
non-basic material by means of dilute sulphuric acid, and recovered (9 g.), b. p. 138—143°/2mm., 
dz. 0-9293, nj;° 1-5030, [a] 546, + 13-5° (Found: C, 81-6; H, 12-2. Calc.: C, 81-4; H, 12-2%). 
Its derivatives would not solidify, except the 3 : 5-dinitrobenzoate, m. p. 172—173° (soft. 163°) 
after four crystallisations from methyl alcohol. 

Aminotetrahydro-8-caryophyllene.—The above-mentioned amine (52 g.) in alcohol (100 c.c.) 
was shaken at 70° with palladium-norite (5 g., 10%) and hydrogen under pressure (3 atm.). 
Absorption was complete after 24 hours and the filtered solution on fractionation gave the 
amine (45 g.), b. p. 140—142°/12 mm., a3. 0-9194, nj>” 1-4956, [«] — 29-1° (Found: C, 80-4; 
H, 12-9. C,;H,.N requires C, 80-7; H, 13-0%). 

Dihydro-$-caryophyllene.—The tetrahydro-amine (10 g.) in acetic acid (100 c.c.; 10%) was 
cooled in a freezing mixture, and a saturated solution of sodium nitrite (10.c.c.) added slowly with 
shaking. After standing at room temperature for 1 hour, the liberated oil was collected in ether 
and twice fractionated, giving an oil (5 g.), b. p. 118—120°/14 mm., and a fraction (2-2 g.), 
b. p. 157—159°/18 mm. In subsequent experiments dehydration was effected by heating the 
whole with powdered potassium hydrogen sulphate (12 g.) for 6 hours at 190°. The hydrocarbon, 
steam-distilled and collected in ligroin (b. p. 40—60°) before distillation over sodium, was 
obtained as a colourless oil (6 g.), b. p. 118—121°/14 mm., ad 0-8833, n?* 1-4840, [a] 5461 
— 47-15° (Found : C, 87-4; H, 12-8. C,;H,, requires C, 87-4; H, 12-6%). 

Nitrosohumulene.—Fractionation of the total terpene content of clove oil closely followed 
Henderson’s results (J., 1929, 1370). For the preparation of humulene nitrosochloride, the 
fraction, b. p. 118—122°/12 mm., gave the best yield (12—-15%) with ethyl nitrite in ethy]l- 
alcoholic solution. 

The nitrosochloride (15 g.) and pyridine (25 c.c.) were gently boiled for 5 minutes and the 
cooled acidified solution was extracted with ether. The solvent was removed; the residue 
distilled as a viscid colourless oil (10-5 g.), b. p. 1388—-143°/2 mm., which deposited plates (5 g.) 
from ethyl alcohol (25 c.c.; 80% by volume), m. p. 126—127° after recrystallisation (Found : 
C, 77-0; H, 10-1. C,;H,,ON requires C, 77-3; H, 9-9%). 

A minodihydrohumulene.—Sodium (16 g.) was added in two pieces to nitrosohumulene (8 g.) 
in alcohol (150 c.c.), no attempt being made to ensure a vigorous reaction. After completion 
of the reaction water was added, and the separated oil collected in a little ether. With dilute 
hydrochloric acid.the ethereal extract gave a solid hydrochloride, which was washed with ether, 
dried (8-5 g., m. p. 255°), and crystallised from very dilute hydrochloric acid, long needles being 
obtained, m. p. 257° (Found: Cl, 13-7. C,;H,,N,HCl requires Cl, 13-8%). The base was 
recovered by shaking the hydrochloride (8 g.) with excess of dilute sodium hydroxide solution 
and ligroin; the colourless oil had b. p. 141—142°/11 mm., d%- 0-9202, n#%*° 1-5039, [«] sse1 
— 0-64° (Found: C, 80-7; H, 12-2. C,,;H,,N requires C, 81-4; H, 12-2%); it was practically 
insoluble in water and gave a solid sulphate and nitrate. The acetyl derivative formed readily 
from the base (0-2 g.) and acetic anhydride (0-3 g.) on warming and solidified on cautious addition 
of water. It crystallised from ligroin (b. p. 60—80°) in needles, m. p. 142° (Found: C, 77-5; 
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H, 11-1. C,,H,,ON requires C, 77-6; H,11-0%). The picrolonate crystallised in yellow plates, 
m. p. 232° (Found: C, 62-1; H, 7-3. C,;H,,N,C,H,O;N, requires C, 61-9; H, 7-2%). 

Norcaryophyllenic and Caryophyllenic Acids.—y-Caryophyllene (50 g.; b. p. 115—118°/11 
mm.) in acetone (300 c.c.) (ice) was stirred, and finely powdered potassium permanganate 
(170 g.) added during one day. The filtered sludge was repeatedly digested with water and the 
combined washings were concentrated. After extraction with ether to remove neutral products, 
the acidified solution was repeatedly extracted with ether, evaporation of the dried solution 
yielding a brown gum (38 g.). This was further vigorously oxidised by cautious addition of 
nitric acid (d 1-165), followed by heating on the water-bath. In all, 400c.c. of acid were added 
and the heating was continued for 48 hours before the excess of mineral acid was completely 
removed. The residue (23 g.) was refluxed (20 hours) with methyl alcohol (125 c.c.) and 
sulphuric acid (25 c.c.): the crude ester (56 g.; b. p. 100—150°/20 mm.) from six similar 
experiments was systematically fractionated under diminished pressure (20 mm.) and after four 
distillations the following fractions boiling below 140° were obtained: (i) up to 100°; (ii) 
100—115° (7-2 g.); (iii) 115—125° (15 g.); (iv) 125—130° (5 g.); (v) 130—135° (12-8 g.); 
(vi) 135—140° (7 g.). 

Fraction (ii). Hydrolysis of this fraction with methyl-alcoholic potassium hydroxide solution 
(KOH, 8 g.) gave an acid (isolated by ether) which crystallised on scratching. It was dissolved 
in aqueous ammonia, addition of calcium chloride precipitating a sparingly soluble calcium 
salt on boiling. This was collected and decomposed with hydrochloric acid ; the acid recovered 
by ether was identified as as.-dimethylsuccinic acid, m. p. and mixed m. p. 139—140°. The 
filtrate from the insoluble calcium salt was acidified; the recovered acid (1-7 g.) slowly partly 
crystallised. After trituration with concentrated hydrochloric acid the crystalline acid was 
collected, m. p. 80—100°. It was combined with the crude norcaryophyllenic acid from later 
fractions, 

Fraction (iii). The acid from the hydrolysis of this ester fraction, treated as described above, 
gave as.-dimethylsuccinic acid (2-4 g.) and crude norcaryophyllenic acid (7-7 g.). 

Fraction (iv). This fraction gave on hydrolysis norcaryophyllenic acid (2-4 g.). The hydro- 
chloric acid from which this separated left, on evaporation in a vacuum over potassium hydroxide, 
a gum which on solution in methyl-alcoholic potassium hydroxide gave a quantity of the 
sparingly soluble potassium salt of caryophyllenic acid. 

Fraction (v). On hydrolysis of this fraction with methyl-alcoholic potassium hydroxide 
a sparingly soluble potassium salt separated in needles from the hot solution. After digestion 
for 1 hour the well-cooled solution (ice) was filtered, the potassium salt washed rapidly with cold 
methyl alcohol and dissolved in water, and after removal of methyl alcohol by evaporation the 
acidified solution was repeatedly extracted with ether. Evaporation of the ether left an oil, 
which rapidly set to a hard crystalline cake (6 g.), m. p. 66—75°. The filtrate from the sparingly 
soluble salt gave a liquid acid, from which caryophyllenic acid and norcaryophyllenic acid were 
separated by renewed treatment with methyl-alcoholic potassium hydroxide. 

Fraction (vi). Caryophyllenic acid (4 g.) was separated from this fraction through the 
potassium salt. 

cis-Norcaryophyllenic acid was purified by repeated crystallisation from benzene, in which it 
was somewhat sparingly soluble, separating in hard conglomerates consisting of rosettes of 
thin prisms, m. p. 125—127° (sint. 118°). It was very readily soluble in water and in the usual 
organic solvents except benzene, cyclohexane, and ligroin. It crystallised well from hydro- 
chloric acid. In chloroform (c, 1-885) [«]546; + 137°; [a]s799 + 118-6° (Found: C, 56-1; H, 
71; M,171-1. CgH,,0, requires C, 55-8; H, 70%; M,172). Anaqueous solution of the acid 
gave no precipitate with copper acetate in the cold, but a sparingly soluble copper salt separated 
on warming. When the acid was digested with acetyl chloride, a liquid anhydride was obtained 
which was only slowly decomposed by hot water. The acid regenerated from the anhydride 
had m. p. 125—127°. 

cis-Caryophyllenic acid crystallised from cyclohexane, in which it was not readily soluble and 
from which it tended to separate as an oil, in rosettes of fine needles, m. p. 80—81° (sint. 76°). 
It was extremely soluble in water and the ordinary organic media except ligroin and cyclohexane. 
In chloroform (c, 1-902) [a] 54¢, + 13-56°. With copper acetate it behaved in a similar manner to 
the nor-acid (Found : C, 58-2; H, 7-7; M,187-2. C,H,,O,requiresC, 58-0; H, 7-5%; M, 186). 

Dehydronorcaryophyllenic A cid.—Norcaryophyllenic acid (1 g.) and phosphorus pentachloride 
(2:3 g.) were warmed on the water-bath for 10 minutes and to the cooled solution bromine (1 g.) 
was added. No reaction was apparent after 6 hours on the water-bath in a sealed tube, but the 
bromine had disappeared after 6 hours’ heating at 120°. The product was esterified by gentle 
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refluxing for 30 minutes with methyl alcohol (20 c.c.), and the bromo-ester isolated with ether. 
Without further purification it was refluxed (2 hours) with ethyl-alcoholic potassium hydroxide 
(2 g. in 4 c.c.), potassium bromide being immediately precipitated. Water was added, the 
alcohol evaporated, and the acidified solution extracted with ether. On removal of the solvent 
the residue solidified ; dehydronorcaryophyllenic acid (0-3 g.) crystallised from water in plates, 
m. p. 193° (Found: C, 56-5, 56-4; H, 5-9, 6-0. C,H,,O, requires C, 56-4; H, 5-9%). The 
acid is readily soluble in hot water and acetone and in the latter solvent rapidly decolorises 
potassium permanganate. It is probably optically inactive. 


Weare indebted to the Government Grants Committee of the Royal Society, to the Chemical 
Society, and to Imperial Chemical Industries Ltd. for grants. 
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399. Syntheses in the Sesquiterpene Series. Part I. 
By A. E. BRADFIELD, E. R. JONEs, and J. L. SIMONSEN. 


THE recent observations on the occurrence in nature of sesquiterpene ketones (Bradfield, 
Penfold, and Simonsen, J., 1932, 2744; J. Proc. Roy. Soc. N.S.W., 1932, 66, 420; 1933, 
67, 200; Rupe, Clar, St. Pfau, and Plattner, Helv. Chim. Acta, 1934, 17, 372; Kelkar and 
Rao, J. Ind. Inst. Sci., 1934, 17A, 7) have made syntheses of substances of this type desirable. 
In view of the comparative facility with which «-hydrindone is prepared from $-phenyl- 
propionic acid (Kipping, J., 1894, 65, 485), and 1 : 1 : 6-trimethyltetralin from 5-m-tolyl- 
2-methylpentan-2-ol (Bogert, Davidson, and Apfelbaum, J. Amer. Chem. Soc., 1934, 56, 
961) it seemed to us probable that the ketone (V) might be obtained by the cyclisation of 
the acid (IV). This acid was prepared comparatively readily from /-tetrahydrocarvone 
(I) through the bromide (III; R= CH,Br) by condensation with ethyl sodiomethyl- 
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malonate, with subsequent hydrolysis and elimination of carbon dioxide. The inter- 
mediate unsaturated ester (II) was assumed to be the menthylidene ester, but the position 
of the ethylenic linkage was not determined. Evidence was obtained of the formation of a 
ketone from (IV), but the yield was so poor that further experiments were abandoned. 

The ester (VI), prepared from (III; R = CH,Br) through the nitrile, gave on treatment 
with methylmagnesium iodide the sesquiterpene alcohol (VII), from which by dehydration 
a hydrocarbon was obtained. As was to be anticipated, this was a mixture of (VIII) and 
(IX), since oxidation gave, in addition to formaldehyde and acetone, the menthane acid 
(III; R = CO,H) and a ketone (X), characterised by the preparation of its crystalline 
2 : 4-dinitrophenylhydrazone. The sesquiterpene alcohol and the hydrocarbons are of a type 
which has not so far been found to occur in nature. 

The molecular refractions of the substances described were all normal except those of 
ethyl menthane-2-acetate (III; R= CO,Et) and ethyl menthane-2-$-propionate (VI), 
which showed an exaltation of approximately one unit. A defect in molecular refraction 
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has been recorded for hydrocarbons having a number of alkyl groups in close juxtaposition, 
but we have been unable to find any reference to an exaltation in saturated substances 


CHMe CHMe — 
YN ; 
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with a normal structure. The occurrence of this anomaly indicates the necessity for caution 
in the use of this physical constant in the determination of structure. 


EXPERIMENTAL. 


Ethyl Menthan-2-ol-2-acetate.—To a mixture of /-tetrahydrocarvone ([«];., — 20-3°) (11 g.), 
benzene (30 c.c.), and zinc (5 g.), ethyl bromoacetate (10 g.) was added. Condensation, after 
initiation by warming on the water-bath, was vigorous. After refluxing for 3—4 hours, the 
hydroxy-estey was isolated in the usual manner and distilled. It was a pleasant-smelling, 
somewhat viscid oil, b. p. 144—148°/12 mm., a3 0-9868, un} 1-4759, [Rz]p 67-6 (calc, 67-8), 
[%]54g, — 18° (Found : C, 69-1; H, 10-6. C,,H,,O, requires C, 69-4; H, 10-7%). The hydroxy- 
acid, obtained by hydrolysis of the ester with alcoholic potassium hydroxide, crystallised from 
ligroin (b. p. 60—80°) in plates, m. p. 77—78° (Found : C, 67-6; H, 10-6. C,,.H,,O,; requires 
C, 67-3; H, 10-3%). 

Ethyl Menthylidene-2-acetate.—Elimination of water occurred smoothly when a mixture of 
the hydroxy-ester (10 g.) and potassium hydrogen sulphate (10 g.) was heated at 180—200° for 
5hours. The unsaturated ester, isolated by addition of water and extraction with ether, was a 
colourless oil with a characteristic odour, b. p. 133—136°/12 mm., d= 0-9456, n}" 1-4795, [Rz]p 
66-07 (calc., 65-83), [a]54,, — 59-3° (Found: C, 74-6; H, 10-8. C,,H,,O, requires C, 75-0; H, 
10-7%). 

Ethyl Menthane-2-acetate.—The unsaturated ester (25 g.) in ethyl alcohol (100 c.c.) was shaken 
with hydrogen in the presence of palladium—norit (5 g.; Pd 5%). Absorption was complete 
in 24 hours. The ester was a sweet-smelling mobile oil, b. p. 125—126°/12 mm., a3: 0-9253, np" 
1-4651, [Rz]p 67-5 (calc., 66-3), [o] 54, + 7:2° (Found: C, 74-4; H, 11-1. C,,H,O, requires 
C, 74-3; H,11-5%). The corresponding acid was an oil, b. p. 162—166°/12 mm., the p-toluidide 
of which crystallised from alcohol in small needles, m. p. 133° (Found: C, 79-2; H, 9-9. 
C,gH,,ON requires C, 79-4; H, 10-1%). 

2-8-Hydroxyethylmenthane.—A mixture of ethyl menthane-2-acetate (10 g.) and ethyl alcohol 
(80 c.c.) was added rapidly to sodium (7-5 g.) covered with xylene, the reaction being completed 
by heating at 130°. After addition of water 2-8-hydroxyethylmenthane (6-6 g.) was isolated, 
by distillation in steam, as a fragrant oil, b. p. 126—131°/12 mm., a2 0-9068, n?” 1-4766, [Rz]p 
57-3 (calc., 57-1), [%]54¢, + 9°8° (Found: C, 78-0; H, 12-9. C,,H,,O requiresC, 78-2; H, 13-0%). 
From the alkaline residue, menthane-2-acetic acid (1-4 g.) was recovered. 

2-8-Bromoethylmenthane, b. p. 126°/12 mm., was obtained when the alcohol (3 g.) was heated 
with an acetic acid solution of hydrogen bromide (50%; 10 c.c.) at 130° for 16 hours (Found : 
Br, 32-3. C,,H,,Br requires Br, 32-4%). 

Ethyl Methyl-B-2-menthylethylmalonate-—To ethyl sodiomethylmalonate, prepared from 
ethyl methylmalonate (11-4 g.) and sodium (1-5 g.) in ethyl alcohol (80 c.c.), 2-8-bromoethyl- 
menthane (16-2 g.) was added, and the mixture heated in a soda-water bottle at 100° for some 
hours. After removal of the excess of alcohol, the reaction mixture was diluted with water, and 
the ester extracted with ether. After removal of the solvent, the ester (9-9 g.), purified by two 
distillations under diminished pressure, had b. p. 193°/12 mm. (Found: C, 70-1; H, 10-9. 
Ci9H3,0, requires C, 70-5; H, 10-6%). 
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Methyl-B-2-menthylethylacetic Acid.—The above-mentioned ester (12-6 g.) was hydrolysed 
with methyl-alcoholic potassium hydroxide (KOH, 9 g.; methyl alcohol, 100 c.c.) (20 hours). 
After removal of the alcohol, acidification gave the malonic acid, which partly lost carbon 
dioxide on keeping. It was therefore heated at 165° until evolution of gas ceased and there- 
after for some minutes at 200°. The acetic acid was a viscid oil, b. p. 160—163°/2 mm., [a] 54, 
+ 25° (in chloroform; c, 2-55) (Found: C, 75-4; H, 11-9. C,;H,,O, requires C, 75-0; H, 
11-7%). The p-toluidide crystallised from alcohol in needles, m. p. 142° (sint. 139°) (Found : 
C, 80-5; H, 10-9. C,,H,,ON requires C, 80-5; H, 10-9%). Evidence was obtained of the form- 
ation of a ketone when the acid was heated with phosphoric oxide in either ether or xylene 
solution and again when the acid chloride (b. p. 154—157°/12 mm.) was treated with aluminium 
chloride in carbon disulphide, but in all cases the yield was too small to permit of isolation of 
the ketonic product. 

2-8-Cyanoethylmenthane.—To a solution of 2-8-bromoethylmenthane (5 g.) in acetone (50 
c.c.), sodium iodide (3 g.) was added, and the mixture heated under reflux for 6 hours. After 
removal of the precipitated sodium bromide the acetone was evaporated and the iodo-deriv- 
ative, without further purification, was heated with ethyl alcohol (9 c.c.) and potassium cyanide 
(1-4g.) for 20 hours. After removal of the alcohol the nitrile was isolated by ether and obtained 
as a colourless oil, b. p. 141—146°/14 mm. (Found: N, 7-1. C,;H.3;N requires N, 7-2%). 

Ethyl Menthane-2-6-propionate.—The nitrile (12-5 g.) was digested with a mixture of alcohol 
(34 c.c.) and sulphuric acid (17-6 c.c.); after 12 hours much ammonium sulphate had separated. 
Ice was added, the oil extracted with ether, the extract washed with sodium carbonate solution 
to remove a little acid, and the ether dried and evaporated. Ethyl menthane-2-B-propionate 
was obtained as a mobile oil, b. py 145—151°/16 mm., d3 0-9226, nF" 1-4659, [Rz)p 72-1 (calc., 
71-0), [a]s4: + 17°3° (Found: C, 75-1; H, 11-8. C,,H,,O0, requires C, 75-0; H, 11-7%). 

2-y-Hydroxyisoamylmenthane.—To a solution of the ester (6 g.) in ether (ice-salt), the 
Grignard reagent prepared from magnesium (1-63 g.) and methyl iodide (9-5 g.) was added 
gradually. After remaining at room temperature for 12 hours, the mixture was heated on the 
water-bath for 2 hours. Ice and ammonium chloride were added, and the ether separated, 
washed with dilute sulphuric acid and sodium thiosulphate solution, dried, and evaporated. 
The alcohol (4 g.) was obtained as a pleasant-smelling oil, b. p. 144—147°/17 mm., dj 0-8928, 
nt 1-4719, [Rz]p 70-9 (calc., 70-8), [a] 54g, + 35° (in chloroform, c, 3-31) (Found: C, 80-0; H, 13-3. 
C,5H 90 requires C, 79-7; H, 13-3%). 

3-2-Menthy!-8-methyl-Ae- and -A8-butylenes.—The alcohol (10 g.) and potassium hydrogen 
sulphate (10 g.) were heated at 180° for 5 hours; the resulting hydrocarbon, isolated by distillation 
in steam and extraction with ether, was a pleasant-smelling oil which after two distillations 
over sodium had b. p. 127—128°/19 mm., d. 0-8418, n®* 1-4702, [Rz]p 68-9 (calc., 68-8), [%) ss: 
+ 60° (Found: C, 86-5; H, 13-7. C,;H,. requires C, 86-5; H, 13-5%). 

Oxidation of 8-2-Menthyl-8-methyl-As- and -A8-butylenes.—Through a solution of the hydro- 
carbon (1 g.) in carbon tetrachloride (1 c.c.), ozone was passed until oxidation was complete, 
the issuing gases being led through water to dissolve the liberated formaldehyde, which was 
identified by the preparation of its dimedone derivative, m. p. 186—187°. After removal of 
the carbon tetrachloride the ozonide was decomposed by boiling with water. Acetone was 
liberated and identified by conversion into its 2 : 4-dinitrophenylhydrazone, m. p. and mixed 
m. p. 120°. The aqueous solution, which contained a viscid oil, was made alkaline, the undis- 
solved oil extracted with ether, the solvent removed, and the residue, after addition of sodium 
hydroxide solution, distilled in steam. An oil (0-4 g.), b. p. 127—-129°/17 mm., was obtained 
which consisted of somewhat impure methyl] 2-8-menthylethy] ketone (Found : C, 78-7; H, 12-5. 
C,,H,,0 requires C, 80-0; H, 12-4%). The 2 : 4-dinitrophenylhydrazone crystallised from alcohol 
in small yellow prisms, m. p. 113° (Found: N, 14-7. CygH,,O,N, requires N, 14-4%). The 
alkaline solution (see above) gave on acidification an oil (0-2 g.), b. p. 168—169°/18 mm., which 
was identified as menthane-2-acetic acid by the preparation of the p-toluidide, m. p. 133° 
(see p. 1811) (Found: C, 79-2; H, 9-9. Calc.: C, 79-4; H, 10-1%). 
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400. The Synthesis and Properties of 2: 7-Tetramethyldiamino- 
anthraquinone, 2: 7-Tetramethyldiamino-10-hydroxy-10-phenyl- 
anthrone, and Related Compounds. 


By D. C. Ruys JoNnEs and FREDERICK A. MASON. 


Many important types of dyes, mainly of basic character, such as those of the diphenyl- 
methane, triphenylmethane, acridine, pyronine, thiopyronine, thioxanthen, and rhodamine 


series, contain the typical skeleton Alk,N-C,H,C-C mn ‘NAlk, and may be regarded as 
derived from parent substances of the general type (I where R = hydrogen or an aryl 


a @ Om “eee Alk,N x? Alk, 


(I.) (II.) (III.) 


radical, X and Y = hydrogen atoms or —O-, -S-, —NH-, etc. (as, for instance, a pyronine 
of formula II). In the case of many of the triphenylmethane dyes these are, of course, 
readily made by condensing Michler’s ketone (4 : 4’-tetramethyldiaminobenzophenone) 
with suitable components. 

A 2: 7-tetra-alkyldiaminoanthraquinone (III) can be regarded as a substituted Michler’s 
ketone and accordingly might be expected to condense with suitable aromatic components 
to yield carbinol bases of the type (IV) (where X and Y of formula I = —CO-), analogous in 
structure with those of the well-known triphenylmethane type (V) : 


7NMeOH 
HO h HO h 


(IV.) (V.) a 


Substances of the type (III) have now been prepared, their properties examined, and 
basic dyes derived from carbinols of type (IV) have been synthesised, though with some 
difficulty. 

The substance (III; Alk = Me) was prepared by the action of dimethylamine upon 
2 : 7-dichloroanthraquinone in presence of a suitable solvent for the very sparingly soluble, 
and relatively inactive, dichloroanthraquinone, the preparation of which in quantity also 
called for detailed investigation. 

In preliminary experiments with aqueous dimethylamine, anthraquinone-2 : 7-di- 
sulphonic acid was recovered unchanged after 40 hours’ heating at 220°, 2-chloroanthra- 
quinone-7-sulphonic acid yielded only 2-dimethylaminoanthraquinone-7-sulphonic acid, 
and 2 : 7-dichloroanthraquinone gave 2-chloro-7-dimethylaminoanthraquinone after prolonged 
heating under pressure. As it was thought that the difficulty of replacing the second 
chlorine atom might be due to the insolubility of the anthraquinone derivatives, experi- 
ments were carried out with amyl alcohol, pyridine, and anisole as solvents, with successful 
results, the desired 2 : 7-tetramethyldiaminoanthraquinone being obtained. 

2: 7-Tetramethyldiaminoanthraquinone was not attacked by sodium amalgam in 
amyl alcohol or by zinc dust and ammonia. Reduction with zinc dust and hydrochloric 
acid or, better, tin and hydrochloric acid in glacial acetic acid solution produced 2 : 7- 
letramethyldiamino-9(or 10)-anthrone, which formed an acetyl derivative and was oxidised 
by ferric chloride to the dianthrone. 

The general behaviour of 2: 7- -tetramethyldiaminoanthraquinone indicated that the 
introduction of a carbonyl group connecting the two ortho-positions in 4 : 4’-tetramethyl- 
diaminobenzophenone had considerably inhibited the reactivity of the carbonyl group 
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already present, and accordingly it was found that all attempts to prepare a dye of formula 
(IV) by direct condensation of the anthraquinone compound with suitable components 
(such as dimethylaniline) in presence of phosphoryl chloride in the known manner, yielded 
no results, the basic components being recovered unchanged even after prolonged heating ; 
the corresponding anthrone also proved to be an intractable substance. 

A dye of the desired structure was finally synthesised by two independent methods : 
(a) From the reaction between phenylmagnesium bromide and 2 : 7-tetramethyldiamino- 
anthraquinone in ethereal suspension, 2 : 7-tetramethyldiamino-10-hydroxy-10-phenyl- 
anthrone (IV) was finally isolated (compare Clarke, Ber., 1908, 41, 935; Haller and Guyot, 
Compt. rend., 1904, 138, 327; Barnett and Cook, J., 1927, 1724). 

(b) Rodd and Lynch have shown (E.P. 272,321, 301,193; J., 1927, 2174, 2179) that 
4 : 4’-tetramethyldiaminobenzophenone reacts with chlorobenzene in boiling toluene 
solution in presence of metallic sodium to yield malachite-green, presumably with the 
intermediate formation of the compound (Me,N-:C,H,),C(ONa)Na. A similar experiment 
with 2: 7-tetramethyldiaminoanthraquinone in place of the substituted benzophenone 
afforded a green dye identical with that obtained by the Grignard synthesis. The Rodd- 
Lynch sodium synthesis has not hitherto been applied to the anthraquinone series. 

The analogous tolyl, anisyl, and naphthyl derivatives were also prepared by both 
methods; all three formed green salts of similar shade, the naphthyl being the deepest ; 
the difference in colour was not so marked as in the corresponding triphenylmethane dyes. 
The methyl derivative was also prepared, but was not obtained pure. Attempts to 
prepare the analogue of crystal-violet from 2: 7-tetramethyldiaminoanthraquinone by 
either method were unsuccessful. 

EXPERIMENTAL. 


2 : 7-Dichloroanthraquinone.—Anthraquinone-2 : 7-disulphonic acid was boiled for 10 hours 
with excess of potassium chlorate in dilute hydrochloric acid (compare Schmidt, J. pr. Chem., 
1874, 9, 266; Fr. Bayer & Co., G.P. 205,195, 205,913); a mixture of 2-chloroanthraquinone-7- 
sulphonic acid and about 10% of the dichloro-compound separated. This mixture was again 
treated with potassium chlorate and dilute hydrochloric acid, the yield of the dichloro-compound 
being raised to 30—40%. The mixture of 2: 7-dichloro- and 2-chloro-7-sulpho-anthraquinone 
(20 g.) was extracted twice with boiling carbon tetrachloride (400 c.c.); the filtrates deposited 
6-1 g. of the pure dichloro-compound. 

2 : 6-Dichloroanthraquinone was produced in a similar manner from the 2 : 6-disulphonic acid 
(yield, 30—40%). 

2-Chloroanthraquinone-7-sulphonic acid (5 g.), heated with phosphorus pentachloride (4 g.) 
in phosphory] chloride suspension, gave 2-chloroanthraquinone-7-sulphonyl chloride, which formed 
yellow crystals, m. p. 205°, from benzene (Found: S, 9-2; Cl, 20-5. C,,H,O,CI,S requires 
S, 9-4; Cl, 20-8%). On distillation under 20 mm. pressure the sulphony] chloride (4 g.) melted 
and sublimed, but finally pure 2 : 7-dichloroanthraquinone (0-7 g.) distilled. 

2-Dimethylaminoanthraquinone-7-sulphonic Acid.—2-Chloroanthraquinone-7-sulphonic acid 
(4 g.) was heated with 33% aqueous dimethylamine (20 c.c.) at 185—190° for 8 hours. The 
product was salted out with sodium chloride (3-8 g.) and crystallised from saturated brine, 
forming fine purple needles (Found : C, 53-8; H, 3-2; N, 4-0; S, 8-6. C,,H,,O;NSNa requires 
C, 54-4; H, 3-4; N, 4-0; S, 9-0%). 

The acid, obtained by evaporating a concentrated aqueous solution of the sodium salt and 
the theoretical quantity of concentrated hydrochloric acid and extracting the residue with hot 
absolute alcohol, formed deep purple crystals, very readily soluble in water. When dry hydrogen 
chloride was passed through a solution of the sodium salt (6 g.) in glacial acetic acid (30 c.c.), 
the monohydrochloride separated as colourless needles (2 g.), soluble in water to a deep purple 
solution (Found ; Cl, 10-1. C,gH,,;0;NS,HCI requires Cl, 9-7%). 

2-Dimethylaminoanthraquinone-6-sulphonic acid was prepared from 2-chloroanthraquinone- 
6-sulphonic acid and dimethylamine in the same way as for the 2 : 7-compound and had closely 
similar properties, the sodium salt affording deep purple solutions (Found: N, 4-2; S, 8-5%). 

2-Diethylaminoanthraquinone-7-sulphonic acid, obtained similarly, was a deep purple 
substance closely resembling its analogues, as also does its sodium salt (Found: N, 3-6; S, 8-0. 
C,,H,,0,NSNa requires N, 3-7; S, 8-4%). 
2-Chloro-7-dimethylaminoanthraquinone.—2 : 7-Dichloroanthraquinone (4 g.) was heated with 
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33% aqueous dimethylamine (16 c.c.) and copper powder (0-2 g.) for 8 hours at 180°. The 
product crystallised from amyl alcohol in scarlet needles (2-8 g.), m. p. 256° (Found: C, 66-7; 
H, 4:3; N, 5-0; Cl, 12-2. C,gH,,O,NCl requires C, 67-2; H, 4-2; N, 4-9; Cl, 12-4%), sparingly 
soluble in methyl and ethyl alcohol and easily soluble in hot amyl alcohol, benzene, toluene, 
and chloroform. Its yellow solution in concentrated sulphuric acid deposited the unchanged 
base on dilution with water; it also formed with concentrated hydrochloric acid a colourless 
insoluble hydrochloride, hydrolysed immediately by water. With alkaline sodium hydro- 
sulphite it formed an orange vat which had no affinity for cotton. 

2-Chlovo-7-diethylaminoanthraquinone, prepared in a similar manner from 2 : 7-dichloroanthra- 
quinone (4 g.) and diethylamine (4 g.) in water (15 c.c.), had m. p. 254°, and properties almost 
identical with those of the dimethylamino-derivative (Found : Cl, 11-0. C,,H,,O,NCl requires 
Cl, 11-3%). 

2-Chloro-6-dimethylaminoanthraquinone, m. p. 258°, was slightly paler in colour than the 
2: 7-compound, but otherwise had almost identical properties (Found : Cl, 12-1%). 

2 : 7-Tetramethyldiaminoanthraquinone.—2 : 7-Dichloroanthraquinone (5 g.), 50% aqueous 
dimethylamine (16 c.c.), amyl alcohol (20 c.c.), and copper powder (0-2 g.) were heated in a 
sealed tube at 220° for 8 hours. The product consisted of a magma of deep ruby-red platelets in 
a deep red-brown amyl-alcoholic solution, together with a pale green aqueous layer (yield, 3-3 g. ; 
a further 0-4 g. was recovered from the amyl-alcoholic solution). The crude 2: 7-tetramethyl- 
diaminoanthraquinone, after successive recrystallisations from amyl alcohol, chloroform, and 
pyridine or toluene, formed ruby-red platelets, m. p. 317° (Found : C, 72-8, 73-0; H, 6-2, 6-4; N, 
9-2. C,,H,,0,N, requires C, 73-5; H, 6-1; N, 9-5%). 

The use of an amyl-alcoholic solution of dimethylamine gave similar results, but the presence 
of water did not appear to have any adverse effect. Larger-scale preparations (up to 40 g. of 
dichloroanthraquinone) in an autoclave holding a porcelain beaker gave yields of 50—60% of 
the theoretical. 

The pure substance was only sparingly soluble in methyl or ethyl alcohol, more soluble in 
tetrachloroethane, nitrobenzene, pyridine, glacial acetic acid, and amyl alcohol. The finely 
powdered substance dissolved in boiling chloroform, from which it crystallised in red needles 
containing 2CHCI;, which disappeared rapidly on exposure to air, leaving a scarlet powder of the 
original substance. In concentrated sulphuric acid 2: 7-tetramethyldiaminoanthraquinone 
formed a yellow solution, which on cautious dilution with ice turned bluish-red and then 
deposited a red precipitate of the base. The solution in concentrated hydrochloric acid behaved 
inasimilarmanner. A suspension of the base in water dyed acetate silk in salmon-pink shades, 
but the orange hydrosulphite vat showed no affinity for cotton. The absorption curve in glacial 
acetic acid solution showed a maximum at A 470 wy and one absorption band at A 520 uy. 

2 : 7-Tetraethyldiaminoanthraquinone, m. p. 285°, closely resembled the tetramethyl analogue 
in appearance and properties (Found: N, 8-1. C,,H,,O,N, requires N, 8-0%). 

2 : 6-Tetramethyldiaminoanthraquinone formed dark red needles, m. p. 289°, from amy] alcohol 
or pyridine (Found: N, 9-5%). It was very much more soluble in organic solvents than the 
2 : 7-isomeride and for this reason it was unnecessary to effect any very special purification of the 
anthraquinone-2 : 7-disulphonic acid, which might contain small amounts of the 2 : 6-isomeride. 

Monobromo-2 : '7-tetramethyldiaminoanthraquinone.—Bromination of the base (2-0 g.) in 
glacial acetic acid (500 c.c.) with bromine (2-2 g.) at room temperature afforded an orange-brown 
crystalline deposit (1-2 g.); a further amount (1-5 g.) was obtained on dilution with water. 
The bromo-compound formed orange-red needles from amyl alcohol, m. p. 234° (Found: N, 
7:5; Br, 20-9. C,,H,,O,N,Br requires N, 7-5; Br, 21-4%). 

Nitration of 2 : 7-Tetramethyldiaminoanthraquinone.—The base (3 g.) in concentrated sulphuric 
acid (30 c.c.), treated with 0-6 c.c. of concentrated nitric acid in 10 c.c. of sulphuric acid and 
diluted, gave a mixture of isomeric mononitro-derivatives, m. p. 260—282° after crystallisation . 
from amyl alcohol (Found: N, 12-9. C,sH,,O,N; requires N, 12.4%). When a solution of 
2: 7-tetramethyldiaminoanthraquinone in 50% nitric acid was warmed, an orange-red nitro- 
compound separated, m. p. 264° after crystallisation from amy] alcohol. 

Reduction of 2: '1-Tetramethyldiaminoanthraquinone.—(i) Reduction with aluminium or 
copper powder in concentrated sulphuric acid, followed by dilution with water and extraction with 
ether, afforded a thick yellow oil, which readily re-oxidised to the original base on exposure to the 
air. 

(ii) Reduction with concentrated hydrochloric acid and stannous chloride afforded a yellow 
crystallisable product. 

(iii) The same product was obtained more conveniently thus: 2: 7-tetramethyldiamino- 











1816 The Synthesis and Properties, etc. 


anthraquinone (4 g.) and granulated tin (6 g.) were added to glacial acetic acid (80 c.c.). The 
liquid was boiled under reflux while concentrated hydrochloric acid was dropped in slowly, the 
colour of the solution changing from deep orange-red to pale yellowish-orange during 1 hour. 
The liquid was diluted to 250 c.c., and excess of sodium acetate added. The yellow precipitate 
obtained was quickly dried in a vacuum (yield, 3-2 g.). It crystallised in yellow platelets from 
alcohol and in needles from chloroform, both forms melting at 180° (Found : N, 9-7. C,,H,,ON, 
requires N, 10-0%). The substance was presumably 2 : 7-tetramethyldiamino-9(or 10)-anthrone ; 
it was fairly easily soluble in organic solvents, afforded pale yellow solutions in dilute mineral 
acids, and was sparingly soluble in hot aqueous alkalis. An ethereal or alcoholic solution gradu- 
ally deposited orange-red crystals of the parent base on exposure to the air. 

Acetylation of the anthrone. ‘The reduction product (from 2 g. of 2 : 7-tetramethyldiaminoan- 
thraquinone) was boiled with anhydrous sodium acetate (0-5 g.), acetic anhydride (60 c.c.), 
and pyridine (5c.c.) for 15 minutes. On cooling and dilution a precipitate was obtained (2-2 g.), 
which formed orange needles, m. p. 173°, from alcohol. 

Oxidation of the anthrone. The crude anthrone (4 g.) was dissolved in boiling glacial acetic 
acid (200 c.c.) and boiled for 4 hours with a concentrated aqueous solution of ferric chloride (4 g.). 
On dilution with water a brown precipitate was obtained, from which unchanged base was 
extracted with dilute hydrochloric acid (10c.c.). The green filtrate was neutralised with alkali, 
and the resultant green precipitate extracted with chloroform, which on evapcration yielded 
0-3 g. of yellowish-green needles, m. p. 330°. The same substance was also obtained on boiling 
2 : 7-tetramethyldiaminoanthraquinone in chloroform or tetrachloroethane solution for some 
time, and from its general properties it was assumed to be 2: 7: 2’ : 7'-octamethyltetra-amino- 
9(10) : 9’(10’)-dianthrone (Found: C, 77-9; H, 6-7; N, 9-8. CggH ;,O,N, requires C, 77-7; H, 
6-5; N, 10-0%). 

2 : 7-Tetramethyldiamino-10-hydroxy-10-phenylanthrone.—(Method a) Finely powdered 2: 7- 
tetramethyldiaminoanthraquinone (3 g.) was added to the solution of phenylmagnesium bromide 
prepared from bromobenzene (6 g.), magnesium (2 g.), and ether (200 c.c.). Reaction occurred 
immediately with production of a brown solution, which was boiled for 3 hours. After cooling, 
the mixture of brown solution and dark brown powder was decomposed by the addition of ice 
and ammonium chloride solution; the product (yellow ethereal layer, deep green aqueous layer, 
and a deep green solid), on addition of dilute hydrochloric acid, afforded a deep green acid solu- 
tion and a colourless ethereal layer. The acid solution was filtered from unchanged 2: 7- 
tetramethyldiaminoanthraquinone (1-8 g.) and neutralised with sodium hydroxide, with form- 
ation of a dark green precipitate of the colour base (VI), which on warming, or on further treat- 
ment with alkali, was isomerised into the yellow carbinol base (IV) (yield, 1-4g.). The base was 
extracted from the associated magnesium hydroxide by means of ether, and the solvent evapor- 
ated. The resultant yellow oil crystallised in small nodules, m. p. 273°, from ether-—light 
petroleum (Found : C, 76-9; H, 6-2; N, 7-8. C,gH,,O,N, requires C, 77-4; H, 6-4; N, 7-5%). 

The yellow crystals dissolved readily in dilute hydrochloric acid, giving a faintly green 
solution which gradually became deep green. In concentrated hydrochloric acid the solution 
was deep yellow. From the green solution in dilute hydrochloric acid, wool, silk, and tannin- 
mordanted cotton were dyed in bright green shades fast to acids, alkalis, and washing; the 
colour was, however, fugitive to light, a rough comparison indicating that it was only very 
slightly faster than malachite-green in this respect. The zincichloride, precipitated on addition 
of a concentrated aqueous solution of zinc chloride to a solution of the hydrochloride of the dye, 
crystallised from water as microscopic, dark green crystals (Found: Zn, 11-9. C,,H,,ON,Cl,ZnCl,, 
requires Zn, 12-4%). 

Absorption spectrum. The chief absorption band of a solution of the hydrochloride in water 
was at . 650 wu. There was also a strong absorption at about A 450 up. 

(Method b) 2: 7-Tetramethyldiaminoanthraquinone (3 g.), sodium (2 g.), chlorobenzene 
(2 g.), and toluene (200 c.c.) were boiled together under reflux for 4 hours, forming a brownish-red 
solution and a brown powder. The liquid was cooled, the unchanged sodium removed, and the 
residue shaken out with dilute hydrochloric acid. On warming, a deep green solution was 
obtained, from which 2 : 7-tetramethyldiamino-10-hydroxy-10-phenylanthrone was isolated as 
described in method a. 

Antiseptic properties. In view of the known antiseptic properties of dyes of the triphenyl- 
methane series a comparative test was carried out on ‘‘ Chapman’s Bacterium ” (J. Inst. Brewing, 
1925, 31, 13), thymol being used as a standard; 0-01 g. of tetramethyldiamino-10-hydroxy-10- 
phenylanthrone in 10 c.c. of a sterile gelatin medium was just sufficient to inhibit growth, the 
inhibiting dose of thymol under the same conditions being 0-1 g. 
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2 : 7-Tetramethyldiamino-9{10)-hydroxy-9(10)-phenyldihydroanthracene.—2 : 7-Tetramethyldi- 
amino-9(10)-anthrone (1 g.) was added to an ethereal solution of phenylmagnesium bromide 
(bromobenzene, 1-0 g.; magnesium, 0-3 g.; ether, 100 c.c.), the orange-brown solution boiled 
for 2 hours under reflux, and the praduct decomposed with ice and ammonium chloride solution 
and then extracted with dilute hydrochloric acid. The yellowish-green aqueous layer on 
neutralisation yielded a precipitate of the dihydroanthracene derivative, which formed yellow 
needles (0-2 g.), m. p. 190°, from benzene (Found: N, 8-1. C,,H,,ON, requires N, 7-8%). It 
formed a yellowish-green solution in dilute hydrochloric acid; the colour was mainly due to the 
presence of traces of the colouring matter previously described. 

Other meso-Phenyl Derivatives of 2: 7-Tetramethyldiaminoanthraquinone.—Dyes similar to 
that described were obtained by replacing bromo(or chloro)benzene by «-bromonaphthalene, p- 
bromotoluene, and ~-bromoanisole and also by methyliodide. The methyl derivative, 2 : 7-tetra- 
methyldiamino-10-hydroxy-10-methylanthrone, afforded deep bluish-green solutions in dilute 
mineral acids. The anthranol base formed colourless crystalline platelets from alcohol, m. p. 
59—71°. The corresponding p-tolyl and p-anisyl derivatives were almost identical in colour 
with the phenyl derivative, but the «-naphthyl compound was appreciably darker. None of 
these substances was obtained sufficiently pure for analysis. 

2 : 7-Tetvamethyldiamino-9 : 10-dihydroanthracene.—To 3: 3'-tetramethyldiaminodiphenyl- 
methane (10 g.) in 15% hydrochloric acid (200 c.c.) was added 40% formalin (10 c.c.), and the 
mixture heated at 90° for 12 hours. On cooling and rendering the solution alkaline, a white 
crystalline precipitate was obtained (10-2 g.) which, recrystallised from alcohol, formed colourless 
neédles, m. p. 198° (Found: C, 80-6; H, 8-0; N, 10-3. C,,H,.N, requires C, 81-2; H, 8-3; 
N, 10-5%), soluble in hot alcohol or glacial acetic acid, sparingly soluble in ether or carbon 
tetrachloride. With chloranil in boiling acetic acid a deep green substance was produced, but 
was not isolated in a pure form. 

The authors’ thanks are due to Imperial Chemical Industries Ltd. for valuable gifts of 
chemicals, in some cases specially prepared for use in the present investigation, which was carried 
out during 1928—30, and to the Manchester Education Authority for a research scholarship 
awarded to one of them (D. C. R. J.). 
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401. The Spectra and Photochemical Decomposition of Metallic Carbonyls. 
Part II. Photochemical Data. 


By A. P. GARRATT and H. W. THomPson. 


SPECTRAL measurements already reported (this vol., p. 524) led to the suggestion of the 
following mechanism for the photochemical decomposition of nickel carbonyl : 
Ni(CO), + Av —> Ni(CO), + CO; Ni(CO); —> Ni + 3C0. 

The photochemical measurements to be described below substantiate this mechanism 
with the addition of a concurrent thermal recombination process: Ni(CO), + CO —>» 
Ni(CO),. In the succeeding paper it will be shown that measurements on the thermal 
decomposition of nickel carbonyl indicate a precisely analogous sequence of processes for 
the “ dark ’”’ reaction, and suggestions are made to explain such results as the discrepancy 
between thermal energy of activation and minimum effective photochemical quantum. 


EXPERIMENTAL. 


The nickel carbonyl was supplied as pure by The Mond Nickel Co., Ltd. It was stored in 
sealed glass tubes and filtered through glass wool before use. The source of light was a Hanovia 
Alpine Sun quartz mercury lamp taking 3-5 amps. at ca. 80 volts. The filters were as follows : 

(i) 4360 Copper sulphate solution [20 g. CuSO, in 300 c.c. of ammonia (d 0-880) made up to 
1 litre], followed by potassium chromate solution [4 c.c. stock solution (3 g./1.) in 100 c.c. water, 
using 2 cm. layer] with plate glass to remove any ultra-violet light not cut out by the above. 

(ii) 4360—4060 A. Distilled water, followed by 2 cm. layer of a 1% solution of quinine 
hydrochloride + cuprammonium solution. 

(iii) 3666 A. Distilled water followed by 2 mm. of Chance’s black glass. 
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(iv) 3010—3135 A. Nickel chloride solution (70 g. nickel chloride free from cobalt and iron 
with 30 c.c. conc. hydrochloric acid made up to 1 litre). 

(v) 2700—2400 A. Nickel chloride solution, one-fifth of above concentration, followed 
by chlorine gas. 

The solutions were contained in either one or two transparent spherical quartz flasks so as 
to produce a concentrated beam of almost parallel light as described by Bowen (J., 1932, 2236). 
Narrow layers of the solutions were contained in plane parallel-walled cells. The lamp was 
standardised at intervals by the method of Leighton and Forbes (J. Amer. Chem. Soc., 1930, 
52, 3139), the quantum efficiency of the decomposition of the uranyl oxalate solution being 
determined for different wave-lengths under standard conditions. The solution used here was 
N/10 with respect to oxalic acid and contained 8-6 g. of uranyl sulphate per litre. A plane- 
walled quartz cell 2-5 cm. thick was filled with a measured quantity of uranyl solution, emptied, 
rinsed, and the solution titrated against standard potassium permanganate. The cell was then 
filled with the same quantity of uranyl solution, which was exposed for a measured period, and 
again titrated. It was thus possible to determine the number of quanta emitted by the lamp 
per unit time. During the exposure the solution was shaken to prevent adhesion of bubbles 
to the vessel face. 

Pure carbon tetrachloride and cyclohexane were redistilled from phosphoric oxide, and the 
hexane was supplied as spectroscopically pure by B.D.H. Ltd. Preliminary experiments to 
determine the fraction of light absorbed by the solvents showed that the last was completely 
transparent to all the frequencies used; the first was transparent to the 3666 line and to the 
3000 group but absorbed much of the higher frequencies, and the second could similarly not 
be used for the region 2400—2790 A. 

Approximately standard solutions of nickel carbonyl were prepared by transferring the 
contents of a sealed tube of the substance (30 g.) into the solvent and making it up to 1 litre. 
Such a solution decomposed slowly, but before use it was filtered through glass wool. The pro- 
gress of the reaction in solution was followed by measurement of the volume of carbon monoxide 
evolved. The quartz reaction cell was connected by flexible pressure tubing to a graduated 
gas burette filled with mercury, and the volume of gas liberated was measured at atmospheric 
pressure. The reaction cell was attached to a vigorous shaking apparatus, the amplitude of 
vibration being small. Light not absorbed by the nickel carbonyl solution was measured by 
means of a uranyl solution placed behind the reaction cell. Except with the very dilute solu- 
tion, absorption was complete. In carbon tetrachloride, but not in the other solvents, a film 
of nickel gradually coated the front face of the reaction cell. An estimate of the light cut out 
by this was made separately at the conclusion of arun. The necessary corrections could then 
be made; for the purposes of initial rates this correction is unimportant, and in any case the 
linearity of the graph of c.c. evolved against time showed that light losses were not considerable. 

An attempt was made to examine the photochemical decomposition in the gas phase mano- 
metrically. The quartz reaction cell was connected to a mercury manometer, and the entire 
apparatus could be evacuated by a Hyvac oil pump before introduction of the desired pressure 
of nickel carbonyl vapour. 

Results. 

A. Reaction in the Gas Phase.—The reaction was studied at room temperature. Nickel 
carbonyl vapour at various pressures was illuminated for long periods with light of two different 
wave-lengths (3666 and 3010—3135 A.). Although a considerable fraction of the incident 
light energy was absorbed, it was surprising that a change of pressure was never recorded, and 
deposits of nickel were never obtained. 

B. Reaction in Solution.—(i) Calibration of light source. The mercury lamp was first 
standardised for different wave-lengths. The 2-5 cm. cell containing uranyl oxalate solution 
absorbed all frequencies completely with the exception of the 3666 line and the group 4360— 
4060 A. In Table I, the columns headed a, b, c, d, e, f, g, h, k, are: 


a. Wave-length of incident light in Angstrém units. 
b. Exposure, in hours. 
c. N/10-Potassium permanganate titre difference (c.c.) with no reaction cell between lamp 
and solution. 
. Titre difference with empty reaction cell between lamp and solution. 
. Titre difference with cell containing carbon tetrachloride interposed. 
" hexane o 
cyclohexane is 
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h. Fraction of light absorbed by 2-5 cm. cell (separately determined). 
k. Total efficiency of lamp in c.c. N/10-potassium permanganate per one hour’s exposure 
allowing for losses. 
TABLE I. 
a. ’ i 4 . f. g. 
4360—4060 P i 5: 
3666 4°5 
3010—3135 ’ 1 ; 0 4:2 
2700—2400 " F 4°5 0 110 
The efficiency of the lamp was checked several times during the course of the experiments but 
did not change appreciably. 
According to Leighton and Forbes (loc. cit.), the quantum efficiency of the decomposition 
of the uranyl oxalate solution at different wave-lengths is as follows : 
4360—4060 3666 3135—3010 2700—-2400 
0°5 0°45 0°54 0°58 
The numbers of quanta effectively available from the lamp per second at the different wave- 
lengths are then : 


h. k. 
78 1 
7°4 84 


76 
8°4 


4360—4060 3666 3135—3010 2700—2400 
8-4 8-4 6°7 16 
(ii) Effect of shaking. It was found that the rate of evolution of gas increased with more 
rapid movement of the cell up to a certain maximum. The influence of shaking is illustrated 
in Fig. 1. Extrapolation of the curve backwards indicates that shaking does not affect the 
actual rate of decomposition, but only the rate of evolution of bubbles of gas. In all the ex- 
periments given below, the “ saturation ” shaking rate was used. 


Fie. 1. 








A 
A 


we 
CO evolved,c.c. 
Gs 


i) 


CO evolved, c.c. 


dN 








j 
l 
ad 7 30 40 
Time, minutes. 

(iii) Carbon tetrachloride solution. As is to be expected from the nature of the absorption 
spectrum, light of wave-length greater than 4000 A. does not cause decomposition. Two ex- 
periments which show this are summarised in Table II, the volume of carbon monoxide being 
reduced to N.T.P. 














3 5 
Time, minutes. 


TABLE II. 


(a) 4360 A. Concn. ca. 30 g./litre. (b) 4360—4060 A. Concn. ca. 30 g./litre. 
Temp. 20° Bar. 762 mm. Temp. 20°. Bar. 762 mm. 
Time, mins. CO, c.c. Time, mins. CO, c.c. 
0 0 0 0 
4 0°19 light on—> 8 0°33 
light on—> 8 0°33 11 0°50 
ll 0°43 15 , 
14 0°56 light on ->17 
light off > 16 0°67 19 
18 0°77 
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The reproducibility of the experiments is shown by three runs with light of wave-length 3666 A. 
and initial concentration ca. 30 g./litre, summarised in Table III. The first of these is also 


shown graphically in Fig. 2. 
TABLE III. 


Time, CO, Time, CO, Time, CO, Time, CO, 
(a) mins.  c.c. mins. C.c. (6) mins. c.c. (c) mins.  c.c. 

0 Oo 20 4:24 0 0 0 0 
lighton—> 8 0°19 light off—>21 4°48 5 013 lighton—> 8 0:21 
9 0°53 23 44°52 lighton—> 8 0°26 9 0°55 
101 24 4:54 9 0°68 1:07 
1°52 light on—->25 4:55 1°23 1:57 
1°92 26 4°74 1°62 1:93 
2°27 27 4:93 2°01 2°33 
2°60 29 35°35 2°40 2°69 
2°94 light off >30 5°54 a a 3°31 
3°21 32 =-5558 3°06 19 4:12 
3°46 36 = 5560 3°37 light off ->23 4:87 
3°72 25 4:97 


The above runs have an initial rate of approximately 0-4 c.c. of carbon monoxide /min. 
The initial rate of a run with light of wave-length 3010—3135 A. was 0-46 c.c./min. The 


initial concentration was, as before, ca. 30 g./I. 

(iv) Hexane solution. With an initial concentration in each case of ca. 30 g./l. and light 
of wave-lengths 3666, 3010—3135, and 2700—2400 A., the initial rates were approximately 
0-04, 0-042, and 0-02 c.c. /min. 

(v) cycloHexane solution, With the same initial concentration and 3666 A., the initial rate 
was approximately 0-055 c.c./min. 

(vi) Effect of initial concentration on the vate of decomposition. With carbon tetrachloride 
as solvent and light of wave-length 3666 A., three different initial concentrations were used 
(see Table IV). The initial rate was almost the same in the different experiments, viz., 0-40, 
0-36, and 0-31 c.c./min. With the lowest concentration, in which 12% of the incident light 
was not absorbed, the initial rate was correspondingly low. 


TABLE IV. 


(a) Concn. ca. 30 g./litre. (b) Concn. ca. 15 g./litre. (c) Concn. ca. 7°5 g./litre. 


Time, co, Time, co, Time, co, 
mins. c.c. mins. 6.c. mins. Ce. 

0 0 0 0 0 
light on—> 8 0°21 light on—> 8 light on—> 8 0°03 
9 0°55 9 9 0°24 
1°07 0°62 
1°57 0°92 
1-92 1-29 
2°33 1°61 
2°69 1-97 
3°31 2°31 
2°66 
3-11 
3°56 
4°08 
4°51 
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light off > 22 
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DISCUSSION. 


On the basis of the mechanism given on p. 1817, the quantum efficiency should be 
1, with the formation of 4 mols. of carbon monoxide per mol. of carbonyl. In carbon 
tetrachloride the quantum efficiency with respect to carbon monoxide has the following 
values, and is independent of initial concentration : 
Wave-length, A. 4360—4060 4060 3666 3010—3135 
y (mols. of CO) 0 0 2-2 2-8 
It is seen that there is a threshold which corresponds in position to the limit of con- 
tinuous absorption in the spectrum. Beyond this threshold towards the ultra-violet the 
quantum efficiency increases somewhat. 
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The low value of the quantum efficiency here as compared with that expected is notice- 
able, but in the other solvents used a strikingly lower value is found. The results are as 
follows : 

cyclo- 
rn Hexane. 
Wave-length, A. ............ 4360—4060 4060 3666 3010—3135  2700—2400 3666 
y (mols. of CO) 0 0 0°22 0°28 0°5 0°3 

Two matters, therefore, require explanation: the low quantum yield, and the marked 
variation of quantum efficiency in the different solvents. An understanding of the quantum 
efficiency of less than 4 is suggested by the results on the gaseous decomposition. In 
view of the nature of the spectrum, it is certain that when the light is absorbed a dissociation 
must occur. No nickel is, however, deposited. In the gas phase therefore a rapid thermal 
back reaction must occur. It seems very unlikely that, if the primary process were 
Ni(CO), + fv —> Ni-+ 4CO, a complete recombination and removal of nickel would 
occur at the temperature employed. On the other hand, if the primary process is Ni(CO), + 
hy —> Ni(CO), + CO, it is not unlikely that the products might recombine thermally. 
There are good reasons for believing that this occurs in the thermal decomposition of nickel 
carbonyl (see following paper). It is also important to remember that with the reaction 
in solution the carbon monoxide is continuously removed, and back reactions may thereby 
be prevented, the decomposition proceeding more rapidly. Another mechanism for the 
recombination which has recently been 
suggested by Franck and Rabinowitsch 
(Trans. Faraday Soc., 1934, 30, 120) and 
might be applicable to the present case \ 
is the following. The potential-energy 
curves of the lower and upper states 
might be relatively situated as in Fig. 3. 
Absorption of light from A to B will be 
followed by a dissociation along the 
curve BC. When the two potential- 
energy curves are near together, a 
collision may cause dissipation of energy A 
and a transition between the two curves, 
1.€., from C to D. The molecule will then return to a stable state. 

This hypothesis might be presented in a slightly different manner which has other 
advantages. If the two potential-energy curves are relatively situated as in Fig. 4, ab- 
sorption may occur from X to Y, followed by dissociation along YZ, and at Z there will 
be a definite possibility of the converse of predissociation, leading to recombination. If 
with nickel carbonyl the curves are really of this type, it becomes clear why the thermal 
decomposition can occur with a much lower energy of activation than is required photo- 
chemically. The vibration levels from X to Z will be excited thermally, giving a possibility 
of switch at Z. The infra-red spectrum of nickel carbonyl might afford valuable inform- 
ation in this connexion. The molecule has no dipole moment and may not absorb in this 
region, though nothing definite can be said about this. The mechanism outlined may 
also explain the increase in quantum efficiency with decrease in wave-length ; for the higher 
the frequency absorbed the more rapidly will the molecule in the dissociating state pass 
towards the switch position Z, and in consequence the chance of a transition back to the 
stable state will be diminished. 

One detail of the mechanism suggested is, however, not yet clear. If the products 
of dissociation from the state (i) in Fig. 4 are Ni(CO), + CO, and those from state (ii) are 
Ni + 4CO, the energy difference between the horizontal parts of (i) and (ii) should be 
the energy of dissociation of the tricarbonyl. The latter has usually been taken as small, 
but now would have to be appreciable. It is possible that the tricarbonyl may be decom- 
posed by collisions. On the other hand, it may be unjustifiable to discuss such hypotheses 
in detail until the potential-energy curves are more accurately defined. 

The variation of quantum efficiency in different solvents may be due to one of two 


Hexane. 
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causes: (i) the reaction is abnormally fast in carbon tetrachloride as the result of some 
ability of the carbon tetrachloride to catalyse the decomposition, whether it be by a 
physical process or by some chemical reaction involving the chlorine; (ii) the solvents 
hexane and cyclohexane are peculiarly able to bring about a recombination. 


SUMMARY. 


The rate of photochemical decomposition of nickel carbonyl has been measured in 
light of different wave-lengths, in the gas phase and in the solvents carbon tetrachloride, 
hexane, and cyclohexane. In the gas phase a thermal recombination balances the 
photochemical decomposition, so no change is observed. In the solvents, the quantum 
efficiency increases somewhat with frequency from a threshold value corresponding to 
the limit of continuous absorption in the spectrum. Taken as a whole the facts comply 
with the mechanism : 

(1) Ni(CO), + 4v—> Ni(CO); + CO. 
(2) Ni(CO), —> Ni + 3CO. 
(3) Ni(CO), + CO —» Ni(CO),. 


The several processes are discussed. 


O_p CHEMISTRY DEPARTMENT, 
UNIVERSITY MusEuM, OXFORD. [Received, July 12th, 1934.] 





402. The Thermal Decomposition and Oxidation of Nickel Carbonyl.* 
By A. P. GARRATT and H. W. THompson. 


MEASUREMENTs on the rate of thermal decomposition of nickel carbonyl vapour and on 
the rate of its formation from the metal and carbon monoxide have been made by Mittasch 
(Z. physikal. Chem., 1902, 40, 1) and by Dewar and Jones (Proc. Roy. Soc., 1903, 71, A, 427). 
They also studied the equilibria between these processes at different temperatures. No 
attempt has, however, been made to examine the data in the light of the modern theory of 
activation in gaseous systems. The decomposition might be expected to provide another 
example of a complex molecule decomposing in accordance with a quasi-unimolecular law. 
As might be anticipated, however, in view of the nature of the back reaction involving solid 
nickel, the measurements are very variable, and the simple process of decomposition is 
complicated, and masked by a variety of factors such as heterogeneous reactions. 

The present work was carried out in conjunction with photochemical measurements 
reported in the preceding paper. Broadly, it can be concluded that the initial rate of 
decomposition of nickel carbonyl at about 100° is proportional to the first power of its 
concentration; in the later stages, the carbon monoxide formed has a retarding influence. 
The Arrhenius energy of activation of the homogeneous decomposition is probably somewhat 
greater than 12,000 cals. The facts can be well interpreted on the basis of the mechanism 
shown on p. 1824. 

Peculiar phenomena of ignition are also recorded in the literature for mixtures of nickel 
carbonyl vapour and oxygen. Some experiments on this oxidation process are outlined 
below. The results can, in principle, be interpreted in terms of the theory of reaction 
chains; but as applied to other processes of this type where the phenomena are erratic, 
a study of the détails would serve no purpose. 


EXPERIMENTAL. 


The glass reaction vessel was cylindrical, and was suspended in an oil-bath maintained at 
constant temperature. It was connected to a mercury manometer, and to vessels containing 
nickel carbonyl and oxygen, and the entire apparatus could be evacuated by means of a Hyvac 


* Since the completion of this work Dr. C. H. E. Bawn has kindly informed us that he also has 
obtained similar results in many respects. 
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oil pump. The capillaries leading to the reaction vessel were wound with electrically heated 
nichrome wire. The vessel containing nickel carbonyl had attached to it a drying tube containing 
anhydrous copper sulphate. In the experiments on the decomposition, nickel carbonyl vapour 
was introduced into the evacuated reaction vessel to the desired pressure, and the increase of 
pressure was followed. In the experiments on the oxidation, the carbonyl was introduced first, 
and oxygen immediately afterwards. At the temperatures involved, the decomposition of 
nickel carbonyl before addition of oxygen is slight. Vessels of different diameter were employed, 
and also a vessel packed with glass tubes giving a five-fold increase in surface area. 


Fie. 1. Fic. 2. 
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__ A. The Thermal Decomposition.—(i) Effect of concentration on initial rate. In general, the 
initial rate is roughly proportional to the initial concentration, but the proportionality is only 
true when the vessel is in a steady state. Table I shows typical results, and Fig. 1 the 
proportionality. 
TABLE I. 
(1) Temperature, 70°. 
Initial press., 50 mm. 
Time, Time, Time, Time, Time, Time, 
Ap. secs. Ap. secs. Ap. _ secs. Ap. _ secs. Ap. _ secs. Ap. _ secs. 
3 13 15 80 4 11 20 75 5 11 16 44 


7 30 20 125 9 24 25 112 10 26 20 68 
11 54 14 44 30 170 


Initial press., 30 mm. Initial press., 65 mm. 


Initial rate 0°44 mm. /sec. 


Initial rate 0°23 mm. /sec. 


Initial press., 16 mm. 


5 30 15 120 
10 72 20 180 


Initial rate 0°17 mm./sec. 


Initial press., 34 mm. 


6 6 24 33 
14 16 29 45 
19 24 34 60 


Initial rate 0°95 mm. /sec. 


Initial rate 0°37 mm. /sec. 


(2) Temperature 80°. 
Initial press., 50 mm. 


5 9 20 58 
10 20 25 78 
16 40 


Initial rate 0°52 mm. /sec. 


(3) Temperature 100°. 
Initial press., 50 mm. 


8 6 35 33 
21 15 40 42 
28 23 48 57 


Initial rate 1-4 mm. /sec. 


Initial press., 65 mm. 


5 7 30 68 
10 15 35 88 
20 36 


Initial rate 0°66 mm. /sec. 


Initial press., 65 mm. 


10 5 35 |, 22 
19 ~=—:10 45 ‘ 31 
2715 55 «40 


Initial rate 1-9 mm. /sec. 


The rate falls off very rapidly during an individual run, and much more so than is in accord- 
ance with the first-order law. This may be due, in part, to the existence of the back reaction 
and the equilibrium, but it seems very likely that carbon monoxide inhibits the decomposition. 
This effect has been confirmed but not studied in detail, and it seems definite that the expression 
for the rate of reaction is of the form: rate = k,[Ni(CO),]/{k, + #s[CO}}. 
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(ii) Effect of vessel dimensions. The effect of packing the reaction vessel is to retard the 
decomposition slightly. This might be taken to imply the presence of reaction chains which are 
broken on the vessel walls, but since the reaction velocity changes very markedly as the reaction 
vessel becomes coated with products, this is uncertain. 

(iii) Effect of temperature. It is possible to make an estimate of the temperature coefficient 
of the decomposition by studying the initial rate at different temperatures for a given initial 
concentration. Typical results are given in Table II. In these experiments the entire sets of 
data at different temperatures with a given initial concentration were carried out on the same day 
as rapidly as possible with the vessel in a steady condition. Slight discrepancies in absolute rate 
in the different series are probably negligible for the present purpose. 


TABLE II. 
(1) Initial press. of Ni(CO),, 65 mm. (2) Initial press. of Ni(CO),, 30 mm. 
Initial Initial 
tate. rate. 
no SAP 3 6 10 15 : 2 3 5 10 
60 ta secs. 11 23 41 73 0°27 14 20 40 06100-—l 15 
> fp 5 10 15 20 3 7 il 15 ; 
70° Time, secs. 11 26 46 70 ~2—(«45 13 30 54 so0— («i283 
> fap 5 10 20 30 5 10 15 20 
80" Time, secs. 8 15 36 69 4 —s«@9"66 12 28 44 6g "40 
Ap 10 20 30 40 5 10 15 20 ' 
90° \Time, secs. 7 16 23 0 42—ti(‘éi 2S 7 16 28 43 0°66 
Ap 10 20 27 35 5 14 21 28 
100° 1 Time, secs. 5 10 15 92 #4219 5 15 5 40 1-0 


The results are plotted in Fig. 2, from which the energy of activation deduced is ca. 12,000 
cals. The presence of some heterogeneous reaction may mean that this value is too low. 


(iv) Discussion. If the mechanism of the thermal decomposition of nickel carbony] is 
similar to that of its photochemical decomposition, the reaction scheme would be : 


(1) Ni(CO), —> Ni(CO), + CO 
(2) Ni(CO); —> Ni + 3CO 
(3) Ni(CO), + CO —>» Ni(CO), 


Hence, for a stationary concentration of tricarbony] : 


ky[Ni(CO),] = Ra[Ni(CO)3] + Rg[Ni(CO)3][CO] 
#.¢., [Ni(CO)3] = &y[Ni(CO)4]/{ke + ke[CO]} 
“. Rate = k,[Ni(CO),] — &g[Ni(CO),][CO] 
= R,[Ni(CO),] my Rykg[Ni(CO),][CO]/{, + k[CO}} 
= h,[Ni(CO),]}{1 — ke[CO]/(ky + kg[CO])} 
= k,[Ni(CO),]/{1 + kg[CO]/hg} 


This expression agrees with the results described above. The initial rate in the absence 
of carbon monoxide will be proportional to the initial concentration of nickel carbonyl, and 
carbon monoxide will exert an inhibiting effect. The results therefore appear to fall into 
line with the photochemical work and hypotheses outlined in the preceding paper. 

If the theory of activation is correct, different reactions of the same type should proceed 
at equal absolute rates when the quantity E/T isthe same. The value of E = 12,000, and 
the measured rates at ca. 100° are in fair agreement with this, though exact concordance 
cannot be expected in view of the back reaction and other complicating factors. 


B. The Oxidation—(i) General. Mixtures of nickel carbonyl and oxygen appear either 
to explode or not to react at all. Below certain pressures, no pressure change is observed 
over long periods and there is a transition from no reaction to explosion with a slight increase 
in pressure. This result suggests that a limit phenomenon is involved. The investigation 
consists essentially, therefore, in a study of the effect of different factors upon this lower 
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critical pressure limit. It is difficult to give precise details owing to the lack of reproduci- 
bility, and absolute values of the pressure limit are without significance. The matter is 
also complicated by the presence of an induction period which is variable but appears to 
be longest in a clean reaction vessel. Again, the rate of mtroduction of the gases into the 
clean reaction vessel noticeably affects the subsequent reaction. As far as possible, a 

‘constant and slow rate of introduction was maintained in the following experiments. 
Results showing the general trend of the phenomena are given. 

(ii) Effect of temperature on the critical pressure limit. In the following table the 
approximate lowest pressure of nickel carbonyl vapour which will inflame on introduction 
of excess oxygen at the slow rate mentioned above is given for different temperatures in a 
vessel 7 cm. in diameter. 


DOB. covecisecceveccesssen 60° 50° 40° 
FeO, MRs.. <sceconssene 45 80 100 


It is seen that the critical pressure limit decreases with increasing temperature; the 
alteration is probably more marked than with most other lower critical limits (cf. Hinshel- 
wood, “‘ Kinetics of Chemical Change,” 3rd Edn., Chap. 7). 

(iii) Effect of vessel dimensions on the critical pressure limit. Decrease of the vessel 
diameter increases the critical pressure required for explosion. The results are not suitable 
for testing the theory in detail. At 60°, in a vessel of 7 cm. diameter the limit is 45 mm., 
whereas in one of 4 cm. diameter it is greater than 140 mm. The influence of inert gases 
upon the lower limit was not studied. 

(iv) Discussion. It is clear that reaction chains are involved in the oxidation of nickel 
carbonyl. The phenomenon of a lower critical limit of explosion and the effect of different 
factors upon it suggest the occurrence of branching chains. A hypothetical scheme of 
elementary processes cannot be constructed at present, and it is uncertain to what extent 
the nuclei of nickel or of nickel oxide are important in the inflammation. The occurrence 
of an induction period and the erratic nature of the process, together with the effect of 
vessel dimensions, suggest that the reaction chains are broken on the wall. 


We thank the Government Grant Committee of the Royal Society for a grant, and the 
Mond Nickel Co., Ltd., for the gift of nickel carbonyl, both of which facilitated the work in this 
and the preceding paper. 
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403. Optical Rotatory Dispersion in the Carbohydrate Group. 
Part IV. Tetramethyl y-Mannonolactone. 


By T. L. Harris, E. L. Hirst, and C. E. Woop. 


It was found by Haworth, Hirst, and Smith (J., 1930, 2659) that the rotatory power of 
certain methylated lactones displayed remarkable variations with solvent, the differences 
being most evident with those lactones which possess cis-methoxy-groups on the second and 
third carbon atoms; ¢.g., tetramethyl y-mannonolactone (I) has [«]p + 65° in water and 
— 49° in benzene, whilst the epimeric tetramethyl y-gluconolactone (II) has high positive 
rotations which vary only moderately from solvent to solvent. The vicinal effect of the 
cis-methoxy-groups is as marked in this instance as it is in the case of «-derivatives of 
mannose, which fail to obey even approximately Hudson’s isorotation rules. 

We have studied a typical example of an «-mannose derivative in Part III (this vol., 
p. 1151) and have found that a quantitative correlation between the glucose and mannose 
series of derivatives is rendered doubly difficult on account of the different types of optical 
rotatory dispersion exhibited by these epimeric substances. The lactones exhibit yet 
additional complications by virtue of the induced dissymmetry of the carbonyl group, 
which, in certain cases already studied (Lowry and Gore, Proc. Roy. Soc., 1932, A, 185, 13; 
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Levene and Marker, J. Chem. Physics, 1933, 1, 662), has been found to contribute a 
large and sometimes a dominating influence to the rotation in the visible region. 
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The rotatory dispersion of tetramethyl y-mannonolactone has now been investigated, and 
in all the solvents employed, with the single exception of water, it is anomalous. An 
interesting explanation of the rotational behaviour of the lactone follows from an analysis 
of the observations. The rotatory power in alcohol, chloroform, benzene, acetone, and 
dioxan can be expressed by two-term Drude equations with terms of opposite sign. The 
corresponding frequency constants (see Table I) differ only slightly throughout the range of 
non-aqueous solvents and indicate that the rotation in these solvents depends essentially 
on two centres of absorption, one situated in the Schumann region in the neighbourhood of 
21500, and the other near to 42500. The former may be identified with the normal fre- 
quencies found in aliphatic ethers, and the latter is to be associated with the lactonic CO 


group. 


TABLE I. 
Tetramethyl y-mannonolactone in various solvents. 
Solvent. [ali . c. A, A’. ky.* ky.* hy |g. 
WRI  setiecunsssansniitiniistonies + 598° 42 — 0-049 = +178 — 
BACUORD cocsecccsscrcccccccsovccess + 4°95 3°2 0°022 0°065 — 6816 + 7361 — 0°926 
PIOGE . opiincccasiscccsencssssesecs — 0-78 51 0027 00575 —1225 +1089 — 1125 
GRONEOTEE  cisnsesccccensccosees — 348 165 0°020 0°064 — 9835 + 6521 — 1508 
BOOT sncccceccccesecscccecescous — 147 15°36 0°022 0°063 —13:15 + 7:26 — 1812 
BIOS | saccerssscsccensdsansquasin — 31-7 16°31 0026 8§=0061 — 1904 + 785  — 2°427 
TOOT ecccccvevccncsccsecscscescsses — 36°8 1°73 0°02 0-064 —1891 + 566 — 3°339 


* The values for k, and h, refer to specific rotations. 


In water, the low-frequency term alone remains and the rotation is expressible by a 
single-term equation; the contributions of all the centres of dissymmetry other than the 
induced centre cancel one another so completely that their net resultant is negligible. In 
the organic solvents the cancellation of these terms is less complete and their resultant, 
except in the case of acetone, is a negative term whose numerical value is sufficiently great 
in the visual region to render the observed rotation negative. The observations now 
recorded are of special interest in their bearing on Hudson’s rule correlating the rotation 
of y-lactones of sugar acids with the configuration of the fourth carbon atom. The rule 
holds with very few exceptions throughout the series of unmethylated y-lactones (see 
Freudenberg and Kuhn, Ber., 1931, 64, 703), and applies also to the rotations of many 
methylated lactones in aqueous solution. Tetramethyl y-mannonolactone is one such case, 
and it now appears that the lactone follows the rule in aqueous solution because under these 
conditions the induced dissymmetry of the carbonyl group united by an ester linkage to the 
fourth carbon atom overpowers the rotational effect of the rest of the molecule. When 
this union is broken, the residual induced effect (due mainly to C,) is greatly diminished and 
in 2: 3:5: 6-tetramethyl mannonic acid, which shows simple rotatory dispersion in the 
negative region, the rotation is controlled by the Schumann bands of the remainder of 
the molecule. The position is similar to that found in the phenylhydrazides of sugar 
acids, where the direction of rotation of the compound is determined via an induced effect 
by the configuration of the groups on the second carbon atoms. The present experiments 
reveal that when tetramethyl y-mannonolactone is dissolved in certain organic solvents, 
this induced effect (due mainly to C,) may be less in magnitude than the contribution of 
the remainder of the molecule. Since the two effects are here of opposite sign, it follows 
that the rotation may in the visual region be positive in some solvents and negative in 
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1 others. The sensitivity to solvent influence is exhibited in a striking manner by the 
variation of the specific rotation of the lactone in the same solvent (benzene) but at 
different concentrations : 


FON eRe eee 1:2 1-9 3 16 
[ap — 49° — 48° — 46° — 32° 


Peewee eeeeeeeeeeee 





On account of this variation it is not possible at this stage to attempt a correlation 
between the rotational data (k, and &,) and the nature of the solvent, but it is obvious that 
the position of water as a solvent is unique with respect to this lactone. It is hoped to 
enquire further into this and other problems raised in the present paper by extension of the 
work to lactones and other derivatives in : 
which the result of variation in the vicinal aks esr gros “ag eee 
effect can be studied. 140 

The absorption spectrum of tetramethyl 
y-mannonolactone has been investigated for 
solutions in water, alcohol, and chloroform. 120 
In no case was an absorption band detect- 
able, but the results, which are shown 
graphically in the fig., give indications of a 
step-out in the region of 2200 for the 
aqueous and alcoholic solutions. Since it 
is frequently found that the observed peak 
of an optically active absorption band lies 
some little distance on the high-frequency 
side of the frequency calculated for rotational 
data, it is possible that the step-out and the 
low-frequency term of anomalous dispersion 
equation may be correlated with one another. 
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EXPERIMENTAL. 


The tetramethyl y-mannonolactone was m 
prepared partly by Levene and Simms’s 0 i i ee a? 
method (J. Biol. Chem., 1925, 65, 46) and 2000 2200 2400 2600 2800 3000 
partly by that of Haworth, Hirst, and Stacey Wave-length, AU. 

., 1932, 2481). The specimens used had been 
= gin ) fractions] dictillnton unde: 1 In water. IL. In alcohol. III. In chloroform. 
diminished pressure, followed by five crystallisations from light petroleum; m. p. 108°, 
[a] + 59-8°, [x]%s, + 71-4° in water (c, 4-2). The rotations recorded in the following tables 
were measured by the methods previously described (Part I). Readings from 4 6708 to 4887 
inclusive were obtained visually; all others were photographic measurements, 


Molecular extinction coefficient, 
Le) 
S 
1 











Tetramethyl y-Mannonolactone in Water. 
c, 4-216; ¢, 25°; 1, 2dm.; [a]? = 11-86a,; a, = 1-50/(A* — 0-049). 


A. Qobs.- Qcale.- Diff. A. Gobs.- Aeale.- Diff. A. Gobs.: Aealec.- Diff. 
6708 +3°79° +3°74° +0°05° 4307 +10°94° +10°99° —0-05° 3317 +24:42° +24-58° —0°16° 
6292 436 432 +004 4115 12°44 12°47 —0°03 3216 27°42 2756 —0°14 
5893 504 503 +0°01 3946 13°94 14:06 —012 3135 30°42 30°44 —0°02 
5805 5:22 5°20 +002 3816 15°44 15°52 —008 3064 33°41 33°42 —0°01 
5515 = B91 5°88 +0°03 3701 16°92 1705 —0O13 2985 37°41 37°41 +0 
5225 6°75 6°70 +0°05 3546 19°43 19°55 —012 2907 42°40 42°25 +0°15 
4920 7°82 777 +0°05 3422 21-93 22°03 —0°10 2805 50°39 50°54. —0°15 
4556 944 946 —0-02 


In this solvent the rotatory dispersion is almost simple. 

2:3: 5: 6-Tetramethyl Mannonic Acid in Water.—The rotation of the acid was determined 
in the following way. A quantity of the lactone was weighed into a graduated flask, a slight 
excess of sodium hydroxide added, and at the end of 2 hours the exact amount of hydrochloric | 
acid was added to neutralise the alkali. The flask was then filled to the mark with water. 
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The rotation may be affected to some slight extent by the presence of dissolved sodium chloride ; 
[a)p— 24-1°, [o]%, — 28-2° (c, 3-1936, calculated as lactone) ; #, 25°; /, 2 dm. 


[a] an 15-66°a, ;y=— 0-509 / (A? — 0-016). 


A. Gobs.- eale.- Diff. A. Gobs.- ecale.+ Diff. A. Gobs.- 
6708 —1:20 —117 —0°03 5515 —1°78 —177 -—0O0l1 4310 —2-99 
6292 =1°35 134 —0O°0l1 5225 1:98 198 +0 4295 3°03 
6104 1°43 143 +0 4887 2°29 2°28 —0°01 3780 3°99 
5893 1°54 154 +0 4887* 2°28 2°28 +0 3430 4°99 
5805 1°58 158 +0 

* Photographic reading. 
The rotatory dispersion within this range of wave-lengths is simple. 


Tetramethyl y-Mannonolactone in Ethyl Alcohol. | 
c, 5-106; t, 25°; 1,2; [a]R° — 0-9°; [a}z, — 0-1°; [a]Z” 9-79a,; a, = — 1-251297/(4* — 0-027) + 
1-112292/(A® — 0-0575). 
6708 —0713 —0°13 +0 4958 +0°24 +0719 +0°05 2984 +14°86* +15°09 —0-23 
6292 0°10 0-11 +0°01 4620 0°54 0-42 +012 2900 19°86* 19°91 —0°05 
6104 0°07 0°07 +0 4202 0°88* 0°97 —0°09 2832 25°84* 25°47 +0°37 
5893 0°08 0°07 —0O°01 4132 1-24* lll +013 2765 32°82* 33°39 —0°47 
5805 0°06 0°06 +0 3850 1°88* 1:94 —0°06 2710 42°80* 42°84. —0°04 
5515 0-01 0°00 —0°01 3650 2°88* 2°92 —0°04 2667 52°72t 53°25 —0°43 
5461 0:00 +0°01 —0O°01l 3425 4°88* 474 +014 2620 68°68t 68°76 —0°08 
5225 +011 +0°07 +0°04 3265 6°88* 6°93 —0°05 2606 76°64f 76:24 +0°04 
4887 +0°20 +0°22 —0°02 3092 10°88* 10°95 —0O°07 2567 100°32¢ 10033 —0-01 
* Observed with / = 1, and doubled. 
7 = 0°25, and multiplied by 8. 


” ” 


The lactone exhibits visual anomaly in ethyl-alcoholic solution. 


Tetramethyl y-Mannonolactone in Acetone. 


c, 3-236; ¢,20; 2, 2dm.; [a]®” + 4-95°; [a], + 685°; [a]? = 15-470; a, = 
~ 0-4406/(2 — 0-022) + 0-4758/(X2 — 0-065). 
6300 +025 +026 —0-01 5300 +050 +050 +0 4400 4115 41-13 
6050 030 030 +0 5180 0°55 055 +0 4075-165 1-65 
5750 0:35 036 —O-01 4994 0°65 0-64 +001 3956 1:90 1-92 
5640 040 039 +001 4835 0-75 0-74 +001 3868 2-15 2:17 
5450 045 0-45 +0 4585 0°95 0-94 +0-01 


All the above are photographic measurements. The rotatory dispersion is of the type termed 
“* quasi-anomalous ” (Lowry and Cutter, J., 1925, 127, 608). 


Tetramethyl y-Mannonolactone in Chloroform. 


c, 16-51; #,25°; 1,2dm.; [a]%" — 3-48°; [a], — 3-12°; [a]%" — 3-0284a,; a, = — 3-248/ 
(A? — 0-020) + 2-4854/(A? — 0-064) (A); a, = — 2+ 9381/ (A? — 0-01362) + 2- 1534/02 — 0-06548) (B). 


Acale. Qcalc. Qcale. , Acalc. 

A. Gods.  (B). Diff. (A). Diff. A. obs.- (B). Diff. (A). Diff. 
7200* —1-:06° —1:07° +0°01° —1:05° —0-01° 4227 +1°21° ++ 18° +0°03° +1:20° +0-01° 
6300* ‘ 117 —0°01 115 —0°03 4220 1-26 1:26 +0 124 +002 
6292 ' 117 +001 115 —001 4069 2:20 2:18 +0°02 216 +0°04 
5805 : 115 +002 114 +001 3847 425 423 +0°02 421 +0°04 
5515 . 109 +003 108 +002 3650 720 7:22 —0-02 7:22 —0-02 
5225 . 095 +002 095 +002 3520 «10°25 10:22 +003 10:23 +0°02 
5054 : 0-81 +001 O81 +001 3375 15:19 15°17 +002 1521 —0-02 
4887 ‘ 063 -—002 063 —0-02 3272 20°24 20°23 +001 20:29 —0:05 
4680 , 028 -—005 029 —0°04 314lf 30°38 3035 +0°03 30°42 —0-04 
4560 , , +0 001 +001 3055¢ 40°48 4046 +002 4045 —0°03 
4484 . ‘ +0 +020 +001 

* Photographic measurements. ¢ Measurements with a 1 dm. tube (x 2). 


The observed maximum rotation in the negative region was ago = — 1-18° [Calc. for 
equation (A), — 115°; for (B), —1-17°]. The observed wave-length for zero rotation was 
2 4560 [Calc. for (A), 14558; for (B), 14556]. Both the above equations gave calculated values 
in good agreement with the observed values, and it appears that equally satisfactory alternative 
solutions can be derived in which 1,* varies between 0-0136 and 0-020 whilst 4,* varies between 
0-0655 and 0-064 respectively. In general, if 1,* in the high-frequency term is reduced it is found 





Dispersion in the Carbohydrate Group. Part IV. 1829 


that the corresponding value of ,? in the low-frequency term must be increased, and vice versa. 
Still other equations were examined in which the values of 4,2 ranged from 0-0015 to 0-0136 and 
those of A,” from 0-069 to 0-0648 respectively ; with these, good agreement could be obtained in 
the visual and near ultra-violet but deviations occurred in the further ultra-violet. No satis- 
factory three-constant equation (A, = 0) could be derived. It became clear that no equation 
would even approximately fit the observations unless it contained a low-frequency term in which 
A_*had a value close to 0-065 and a high-frequency term in which d,* was not greater than 0-022. 


Tetramethyl y-Mannonolactone in Ether. 
¢, 1-728; ¢t, 20°; J, 2 dm.; [a]? — 36-8°; [a], — 43-5°; [a]}” = 28-97a,; 
— 0-6528/(a? — 0-02) + 0-1955/(a? — 0-064). 

A. Gods.» calc. Diff. A. Gobs.- Gcalc.- Diff. A. Gobs.- Gcale. 
6300 —1-15° —1-14° —0-01° 4770 —1-95° —1-95° 40° 4135 250° —2-49° 
6025 1:25 125 +0 4640 205 2-05 4085 255 = 2°55 
5780 «1350136 0-01 (4515 =. 215 215 +0 4035 2-60 2°59 
5555 «145146 40-01 4400 «=. 2-25 2-26 ‘Ol 3975 «=. 2°65 2°65 
5365 155 «157 40°02 4290 2:35 2:35 3925 270 2-70 
5115 1-70-71 «40-01 «4185 = 245245 3850-27700 2°77 
4975 1:80 1-80 +0 


All the above measurements were photographic. The rotatory dispersion is anomalous. The 
observed and calculated value of 4 for the point of inflexion was 4 3900. 


Tetramethyl y-Mannonolactone in Benzene. 
c, 16,306; ¢, 25°; J, 1 dm.; [a]#° — 31-7°; [aJ#j, — 369°; [a7 = 6-1327a,; a, = 
— 3-10481/(A? — 0-02576) + 1-2793/(a2 — 0-06106). 

6708 —401 —403 +002 4202 -—950 —951 ‘Ol 3393 —11-08 —11°08 +0 
6292 454 456 +002 4060 10°00 10-00 3384 11-05 1105 +0 
6104 4°82 484 +002 3910 10°50 10°49 f 3348 10°91 10°89 —0-02 
5893 517 519 +002 3828 10°74 10°74 3338 10°81 10°84 -+0°03 
5805 533 860534 +001 3790 10°85 10°85 3283 10°49 10°48 —0-01 
5515 5°89 5°89 +0 3730 11-00 11-00 3232 9°99 997 —0°02 
5225 651 652 +001 3713 11°04 11-04 3163 8°98 898 +0 
4887 736 0 86©6©7°37 +001 3691 11-08 11-08 3113 7°97 795 —0°02 
4681 799 =67°96 —0°03 3405 11°12 11°12 3060 6°44 6°47 +0°03 
4424 875 877 +0°02 


The rotatory dispersion is anomalous. The calculated maximum value of «, in the negative 
region was — 11-28° at 4 3526. The observed value, obtained by interpolation, was — 11-30° 
at%3530. The point of inflexion occurred at 4 4046 (« = — 10-05°; calc. values). The observed 
values (by interpolation) were 4 4050 and « = — 10-05°. For « = 0° the wave-length is 2929 
(calc.). 


Tetramethyl y-Mannonolactone in Dioxan. 
c, 15-36; t, 25°; 7, 2 dm.; [aJ®” — 14-7°; [a], — 16-76°; [a] = 3:255a,; = a, 
— 4-04123/(A? — 0-02188) + 2-23009/(A? — 0-062806). 

6708 —3°68 —3°68 +0 4300 -—654 —6°54 3580 —3°9l ; +0°01 
6292 412 411 —O01 4150 . 6°51 3508 2°96 —0°01 
5805 472 469 —0°03 4110 . 6°48 3445 1°86 

5515 507 508 +001 4070 ; 6° 3404 0°97 

5225 548 549 +001 4010 ‘ i : 3375 0°30 

5054 5°74 «= 573 —0-01 3907 ‘ ‘ ‘03 3363 +003 

4887 597 597 +0 3873 , . ‘ 3308 1°68 

4680 624 623 —001 3760 , , 3254 3°66 

4805 611 608 —0-03 3688 , +001 3169 7°80 

4695 626 621 —0-05 3632 3140 9°60 

4530 641 640 —0-01 


The rotatory dispersion is anomalous. The calculated maximum value of « in the negative 
region was — 6-54° at 14253. The observed value, obtained by interpolation, was — 6-56° at 
44250. The point of inflexion was at 4 5000, « = — 5-80° (Calc. : 14993, a — 5-82). Fora = 0°, 
the observed wave-length is 4 3364 (Calc.: 13364). 
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404. Identification of Some Aromatic Nitro-compounds by Optical 
Crystallographic Methods. 


By E. SypngEy Davies and NorRMAN H. HARTSHORNE. 


THE identification of an organic compound by ordinary methods is sometimes difficult 
or tedious, as, ¢.g., when it is present in a mixture, or has an indefinite m. p., or especially 
when it may be associated with isomeric or closely related compounds from which it cannot 
be sharply differentiated by simple tests. Under such conditions, however, it can often 
be readily identified by its characteristic optical crystallographic properties (or, if it is a 
liquid, by those of one of its solid derivatives), determined by means of the polarising 
microscope. With the object of demonstrating this method and furnishing the necessary 
data, optical crystallographic studies on the following series of compounds have been 
undertaken in recent years: «- and $-naphthylamine salts of naphthalene-mono- and 
-di-sulphonic acids (Ambler, Ind. Eng. Chem., 1920, 12, 1081) ; hydrochloride and naphthal- 
ene-mono- and -di-sulphonates of benzyl-y-thiourea (Hann and Keenan, J. Physical Chem., 
1927, 31, 1082); amino-acids (Keenan, J. Biol. Chem., 1924, 62, 163; 1929, 83, 137); 
3 : 5-dinitrobenzoates of alcohols, and 2 : 4-dinitrophenylhydrazones of aldehydes (Bryant, 
J. Amer. Chem. Soc., 1932, 54, 3758; 1933, 55, 3201); sugars (Wherry, J. Washington 
Acad. Sci., 1928, 18, 302; J. Amer. Chem. Soc., 1918, 40, 1858; 1920, 42, 125; Keenan, 
J. Washington Acad. Sci., 1926, 16, 433) ; pentosazones and hexosazones (Wright, J. Amer. 
Chem. Soc., 1916, 38, 1647); phenylosazones and other derivatives of sugars (Morris, 7b7d., 
1932, 54, 2843); heptitols (Wherry, J. Biol. Chem., 1920, 42, 377); alkaloids (Wright, 
loc. cit.; Wherry, U.S. Dept. Agr. Bull., No. 679, 1918; Wherry and Yanovsky, J. Amer. 
Chem. Soc., 1918, 40, 1063; Poe and Sellars, ibid., 1932, 54, 249; Ind. Eng. Chem., Anal., 
1932, 4, 69). 

In the majority of these studies, the most distinctive optical characters of the com- 
pounds have been embodied in a table of systematic tests, called a determinative table. 
These tests consist mainly in mounting the crystals to be identified in one liquid after 
another until a refractive index is matched, e.g., with elongated crystals, the index for light 
vibrating along their length. Their identity is then usually confirmed by some other 
characteristic index, e.g., that commonly shown for light vibrating across their length, or 
by some prominent property such as abnormal polarisation colours. 

It is clear that tests of this kind, depending largely as they do upon the assumption 
that the crystals lie preferentially upon certain faces, may be ineffective if applied to crystals 
of a different habit, which orientate themselves on a slide in some other way. It is therefore 
very important that every such table be accompanied by details of the conditions under 
which the specimens were crystallised ; other solvents, e.g., may not only affect the habits 
but form solvates. This information is lacking from some of the earlier determinative 
tables, and their general applicability is therefore doubtful; this, however, does not detract 
from the value ot the optical data (principal refractive indices, size of optic axial angle, etc.) 
which usually accompany such tables. 

The present work was undertaken to examine the possibilities of the optical method of 
identification in a series of 0-, m-, and p-isomerides of benzenoid compounds. The following 
compounds were studied: m- and #-nitroanilines (the o-compound had already been 
described ; Dippy and Hartshorne, J., 1930, 726; Hartshorne and Stuart, J., 1931, 2583) ; 
o- and p-nitrobenzyl alcohols; #-nitrotoluene; o-, m-, and p-nitro-derivatives of phenols, 
benzoic acids, aldehydes, bromo- and chloro-benzenes. No attempt was made to examine 
the compounds completely, but the optical and morphological properties of the sections 
commonly presented by crystals grown under definite conditions were determined, since 
it was thought that these properties would be the most useful criteria for the purpose of 
identification. In addition, however, some observations were made on material taken 
straight from the stock bottle, and on “ melted ”’ slides (see below). 

Optical data for many of these compounds appear in Groth’s ‘‘ Chemische Kristallo- 
graphie,”’ but are ancillary to goniometrical studies and mostly unsuitable as criteria for 
identifying the compounds under the microscope. Moreover, no refractive indices are given. 
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EXPERIMENTAL. 


A pparatus.—The microscope used was a Swift ‘‘ Lapidex,’’ with the converging lens mounted 
in a slider on the rotating stage, thus allowing easy passage between parallel and convergent 
illumination; 1’ and }” objectives sufficed for all the observations. The instrument having 
no Bertrand lens, interference figures were either viewed directly by removing the ocular, or 








It focused by means of a Becke lens fitted over the ocular. For isolating the interference figures 
ly of small crystals, a rotating stop ocular supplied by Messrs. Swift and Son was used. 
ot Monochromatic Light.—The approach work to the refractive indices of the crystals was carried 
-n out in white light, but, owing to the high dispersions encountered, the final stages demanded 
a monochromatic light, as did the study of many of the interference figures. A ‘‘ Neron’’ sodium 
ig vapour lamp (Bellingham and Stanley) satisfactorily served the purpose. ' 
ry Immersion Media.—The refractive indices were determined by the Becke immersion method. 
en For most of the substances the following immersion media sufficed: medicinal paraffin, 
id a-bromonaphthalene, and methylene iodide, mixed in adjacent pairs in various proportions ; 
il- solutions of sulphur, and of stannic, arsenious, and antimonious iodides in methylene iodide. 
a Some substances, however, notably p-nitrotoluene, o- and m-bromonitrobenzenes, and p-chloro- 
); nitrobenzene dissolved rapidly in these liquids, and in these cases aqueous glycerol solutions of 
it. potassium mercuric iodide (Wherry, U.S. Dept. Agr. Bull., No. 679, 1918) were suitable, the 
ee only objection to these media being that their maximum index is 1°71. 
All media of refractive index up to 1°70 were standardised on an Abbé refractometer, and ‘ 
na a stock series with intervals of about 0°01 was made up. The final matching of crystal and 
ot liquid required in most cases the mixing of an adjacent pair in this series, the index of the mixture 
A., being determined, immediately after obtaining the match, on the refractometer, which was 
it, placed near the microscope. In this way it was ensured that the liquid was standardised at 
1 approximately the same temperature as that prevailing on the microscope stage. The results 
l., with these liquids are considered to be accurate to + 0°0015. 
Media of higher refractive index were standardised by comparison under the microscope 
m- with the following isotropic solids of known refractive index: ammonium iodide (1°701), 
le. ammonium bromide (1°715), magnesium oxide (1°736), arsenious oxide (1°755), sodium iodide 
‘er (1°774), strontium oxide (1°87). Owing to the considerable intervals in this series, the refractive 
ht indices determined with these liquids are only given to 0°01. The most refractive medium used 
er had a value of 1°78, and so indices falling above this are merely given as ‘“‘ >1°78.” 
or Preparation and Mounting of Material_—The substances were supplied by British Drug 
Houses, with the exception of m- and p-nitroaniline, from Merck and Schuchardt respectively. 
™ Preliminary observations were made on material as supplied, crushed to a suitable state of i 
} division ; and also on “ melted ’’ slides, i.e., mounts prepared by melting a little of the substances 
als between a slide and a cover slip, and allowing it to crystallise by slow cooling. In the latter 
ae case, if excessive supercooling occurred, resulting in the sudden growth of crystals too small to 
ler examine satisfactorily, the substance was remelted except for a small portion to act as a nucleus, ; 
its and the cooling repeated. These ‘‘ melted ’”’ slides often yielded clearer interference figures 
ive than did other mounts, owing to the perfect plate-like form of the crystals, and so facilitated 
act the determination of the optical sign and the optic axial angle. 
C.) The main observations were made on specimens prepared by recrystallisation from various ; 
solvents (see below), the solutions being mechanically stirred during crystallisation, thus ensuring ; 
of that the crystals formed were small enough to mount directly. The apparatus for this purpose 
ing consisted ofa large test-tube containing about 5c.c. of the solution, and fitted with a cork carrying 
en a rotating stirrer. Crystallisation was effected either by cooling a hot saturated solution, or 
3); by evaporating a cold one, the latter method being used for some substances of low m. p. which ‘ 
ie were prone to melt under the solvent. When the cooling method was adopted, the lower part 
ion of the test-tube was usually kept in a water-bath, by means of which the rate of cooling could 
‘ be controlled. For the evaporation method, a stream of air was drawn over the solution 
_ through two tubes passing through the cork of the test-tube. 
ace In a few cases these methods of recrystallisation were unsuccessful, and crystals were 
of obtained by the slow evaporation of solution on a watch-glass, covered by a glass capsule. 
cen Each substance was recrystallised from both a polar and a non-polar solvent, for it was i 
thought possible that the polarity might influence the crystal habit. Alcohol and benzene were ; 
llo- used in most cases, but where these gave unsatisfactory results, a selection was made from 
for the following : water, chloroform, carbon tetrachloride, acetone, toluene. In all cases, however, 


the crystal habit was practically the same for all the solvents used. 


ee eee 
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The m. p.’s of all the specimens examined were determined in order to see whether solvates 
were formed or different polymorphic forms developed, but only in one case (possibly two) 
did polymorphism occur, and no solvates were found. 


Results. 


The results are described by means of Figs. 1—20 and the notes below. The diagrams refer 
to the recrystallised specimens, and show the edge angles and optical properties of the sections 
which they most commonly present when mounted on a slide. Only the simple outlines of the 
crystals are drawn, small secondary faces on edges and corners being omitted. In order to 
economise space, elongated crystals are shown considerably shortened. The vibration directions 
are denoted by double-headed arrows, and are marked with their refractive indices (D line) 
and, if the substance is pleochroic, the colours transmitted. Cleavage directions are indicated 
by broken lines. The interference figure (in the 45° position) is drawn inside the central 
circle and is orientated correctly with respect to the crystal outline. The numerical apertures of 
the objective and converger with which the figures were obtained were 0°8 and 1-0 respectively. 
Data obvious from the diagrams are not repeated in the notes unless they call for special mention. 

As is well known, it is very difficult to distinguish an optic normal figure from an obtuse 
bisectrix figure when 2V is small, and also to distinguish an acute from an obtuse bisectrix 
figure when 2V is very large. Several such cases of uncertainty arose in the present work, and 
where it was impossible to make a definite decision, the most probable solution is given, and 
dependent properties, viz., the optic sign and the identity of the indices (whether «, 8, or y), 
are followed by a query. 

Groth’s data (op. cit.), when available, are given in brackets immediately after the name 
of each compound. 

Unless otherwise stated, recrystallised specimens were obtained from mechanically stirred 
solutions (see above). 

m-Nitroaniline [rhombic bipyramidal with elongation along c and m. p. 109°9°], crystallised 
from alcohol and carbon tetrachloride (by cooling hot solutions), had m. p. 113°5—114°, and 
consisted of yellow hemimorphic plates (Fig. 1), which, though orthorhombic, were obviously 
not bipyramidal. The apex angle of the pointed end was near either 80° or 100°; 8 was found 
to be 1°72—1-74 by mounting the crystals in glass powder, whereby some were induced to 
stand on edge. 

p-Nitroaniline [monoclinic prismatic with perfect cleavage along c (001), the axial plane 
being 6 (010)], crystallised from alcohol, benzene, and carbon tetrachloride (by cooling hot 
solutions), had m. p. 147°. The crystals consisted of yellow hexagonal plates (Fig. 2), the 
properties of which were in harmony with Groth’s orientation of the axial plane. The curvature 
of the isogyre in the 45° position was difficult to observe with certainty, but probably 2V is 
about 80° and the optic sign +. Since the birefringence of this inclined optic axial section is 
> 0°22, that of the substance must be very large. 

o-Nitrophenol [monoclinic prismatic with cleavage along, and the axial plane normal to, 
b (010), the acute bisectrix being at 5° to the c axis in the acute angle 8], crystallised from alcohol 
and benzene (by cooling hot solutions), consisted of greenish elongated plates and blades 
(Fig. 3), m. p. 45°5°. The interference figure is probably an obtuse bisectrix ; optic sign — (?). 

m-Nitrophenol [monoclinic prismatic with perfect cleavage along m (110), and the axial plane 
normal to b (010) and nearly normal to c], crystallised from water and benzene (by cooling hot 
solutions), had m. p. 96°. The crystals consisted of pyramidal fragments, one end being usually 
imperfectly developed (Fig. 4), though occasional individuals with more or less rhombic outlines 
were observed. In specimens crystallised from water, some elongated crystals with straight 
extinction and presumed optic normal interference figures were also seen. ‘‘ Melted ”’ slides 
showed very clearly characteristic abnormal polarisation colours on either side of the extinction 
position, viz., lavender <—> grey (imperfect extinction) <—> fawn. 2V ca. 60°; opticsign +. 

p-Nitrophenol [two modifications, both monoclinic prismatic], according to Barker, has 
transition temperature 63°, above which the «-form (almost colourless), and below which the 
6-form (yellow), is stable. A ‘‘ melted ”’ slide allowed to crystallise above 63° yielded both 
colourless and pale yellowcrystals. The former, presumed to be the «-form, showed the following 
properties : cleavage along the direction of elongation; bright polarisation colours of purple, 
blue, green, and gold; extinction angle 30°5°; elongation —; interference figure, obtuse 
bisectrix (presumed) ; optic sign + (?). The pale yellow crystals were similar to those obtained 
as below, which were evidently the 8-form. 
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Fig.1.-m-Nitroaniline. 
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Fig.2.-p-Nitroaniline, 
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Fig.4.-m-Nitrophenol. 
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Fig.5.-p-WNitrophenol. 
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Fig.6.-p-Nitrotoluene. 
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Fig. 7.- 0-Nitrobenzylalcohol, 
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Fig.8.- p-Nitrobenzylalcohol. 
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Fig. 18.-0-Nitrobenzaldehyde. 
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Fig. 19.-m-Nitrobenzaldehyde. 
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Fig.20.-p-Nitrobenzaldehyde. 


Specimens crystallised from alcohol, toluene, and water (by cooling hot solutions) were 


identical; m. p. 113°5°. 


They consisted of elongated plates (Fig. 5). 


From observations on 


these and the corresponding crystals on the “‘ melted ” slide (above), 2V is 60—75°, and the 
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optic sign +. Attempts to crystallise the «-form from toluene above 63° were only successful 
to the extent of affording a few plates with inclined terminations (acute angle 40°) and extinction 
angle 30°. 

p-Nitrotoluene [rhombic bipyramidal with perfect cleavage along b (010), axial plane 
a (100), optic sign —, and 2H 57° 41’ (D)], crystallised from alcohol and benzene (by cooling hot 
solutions), had m.p. 54°. Ineach case two sections were presented (Figs. 6a and 6) which showed 
clearly the rhombic symmetry of the crystals. The optic sign is negative, and p>v. The 
crystals were colourless. 

o-Nitrobenzyl alcohol, crystallised from alcohol and benzene (by evaporation on a watch-glass), 
had m. p. 74°. The crystals consisted of pale brownish blades with inclined terminations (Fig. 

7), and showed abnormal! purple, blue, and gold polarisation colours. The figure is probably 

an obtuse bisectrix, and the optic sign is — ( ?). 

p-Nitrobenzyl alcohol crystallised from alcohol and benzene (on evaporation on a watch- 
glass) as pale yellow elongated plates with inclined terminations (Fig. 8), m. p. 93°. The 
extinction position was strongly dispersed, the colours shown in passing through this position 
being yellow <—> bluish-green (imperfect extinction) <—> yellow. The figure was probably 
an obtuse bisectrix inclined along the optic axial plane; optic sign — ( ?). 

0-Chloronitrobenzene [monoclinic, with an extinction angle of 16° on m (110), an acute 
bisectrix figure on the section normal to c, and cleavage along a (100), and (a little less distinct) 
along b (010)] crystallised from alcohol and benzene (on evaporation on a watch-glass), as colour- 
less elongated plates and blades with inclined terminations (Fig. 9), m. p. 33°. The centred 
interference figure and oblique extinction indicate that the section is parallel to b (010). If the 
direction of elongation is c, the cleavage is along a (100) as given by Groth. On the other hand, 
the extinction angle is the same as that given by him for m (110), and so on this point there is 
disagreement. The figure on our section was probably an obtuse bisectrix, which is in harmony 
with Groth’s statement that an acute bisectrix figure is obtained on the section normal to c. 
Optic sign — (?). 

m-Chloronitrobenzene [rhombic pyramidal with very perfect cleavage along b (010), imperfect 
along a (100); optic sign — ; axial plane a (100); acute bisectrix c; 2E = 91° 23’ (D)], crystal- 
lised from alcohol, carbon tetrachloride, and benzene (by evaporation in a watch-glass or small 
beaker), had m. p. 44°5°._ The crystals were hemimorphic prisms presenting inclined upper faces, 
and showing cleavage parallel to the plane of the section (Fig. 10), which is therefore probably 
the b (010) of Groth. The figure is probably an obtuse bisectrix and the optic sign —. If the 
direction of elongation is c, this is in harmony with Groth’s data. 

p-Chloronitrobenzene (monoclinic prismatic ; m. p. 83°5°], crystallised from alcohol and benz- 
ene (by evaporation in the stirring apparatus), formed colourless needles and elongated 
plates with inclined terminations (Fig. 11), m. p. 83°5°. The figure was probably an obtuse 
bisectrix inclined along the optic axial plane ; optic sign — (?). 

o-Bromonitrobenzene [irregular monoclinic prisms without end faces; m. p. 41°] crystallised 
from alcohol and benzene (on evaporation on a watch-glass) as deep yellowish-green needles 
with irregular terminations and some rectangular tablets (Fig. 12), m. p. 43°. The figure was 
probably an obtuse bisectrix and the optic sign — (?). 

m-Bromonitrobenzene [rhombic pyramidal, with optic sign —, axial plane a (100), acute 
bisectrix c, and 2E 113° 3’; m. p. 56°4°] crystallised from alcohol and benzene (on cooling hot 
solutions) in colourless elongated rectangular plates, some with prismatic end faces, showing 
abnormal purple, blue, and pink polarisation colours (Fig. 13),m.p. 56°. The figure was probably 
an obtuse bisectrix and the optic sign — (?). 

p-Bromonitrobenzene [triclinic; m. p. 126—127°] crystallised from alcohol and benzene 
(on evaporation) as creamish elongated plates and needles with inclined end faces (Fig. 14), 
m. p. 127°. The crystals showed a greatly inclined single optic axial figure; optic sign + (?). 
The birefringence of this substance is evidently very high. 

o-Nitrobenzoic acid [triclinic ; m. p. 147°] crystallised from alcohol and benzene (on evapor- 
ation on a watch-glass) in elongated plates with very inclined end faces, m. p. 144°, crystals 
from alcohol being thicker and having more secondary faces than those from benzene, which, 
however, were better developed (Fig. 15). They gave a much inclined single optic axial figure 
with the axial plane across the crystal length, and the optic sign (determined on more centred 
figures given by crystals on a ‘‘ melted ”’ slide, and by one individual from alcohol) was +. 

m-Nitrobenzoic acid (three modifications, all monoclinic prismatic, the stable form (m. p. 
142°) having b (010) as the axial plane and the acute bisectrix at 56° toc; the axial plane of one 
of the other forms was also b (010)], crystallised from water and acetone (by cooling hot solutions), 
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presented identical sections (Fig. 16), and melted at 137—139°. The crystals consisted of 
creamish blades with inclined terminations, those from acetone being the larger and showing, 
in some cases, secondary end faces. Twinning along the length direction was observed. 
Abnormal polarisation colours of purple and bluish-green were shown. The figure was a 
slightly inclined single optic axial, and the optic sign +; 2V is about 60°. 

p-Nitrobenzoic acid (rectangular tablets, with perfect cleavage along c (001), the axial plane 
b (010), and an interference figure with very strong dispersion seen through c (001) ; m. p. 238°], 
crystallised from alcohol and benzene (by cooling hot solutions), melted at 238°. Crystals from 
alcohol (Fig. 17a) differed in habit from those from benzene (Fig. 17b), but both presented the 
same section. Abnormal blue and gold polarisation colours were shown. A slightly inclined 
single optic axial figure was given. 2V = ca. 60°, the optic sign is +, and (for the axis 
visible) p>v. 

o-Nitrobenzaldehyde crystallised from alcohol and benzene (on cooling hot solutions) as 
greenish blades with indefinite terminations (Fig. 18), m. p. 114°. The figure was probably 
an obtuse bisectrix, inclined in the direction normal to the axial plane, optic sign — (?). 

m-Nitrobenzaldehyde was not obtained in well-developed forms on crystallisation from 
alcohol, benzene, ether, water, or carbon tetrachloride (by various methods), but as very small 
needles and rectangular tablets mixed with a very fine powder. All specimens melted at 58° 
and were colourless. The rectangular tablets presented the section shown in Fig. 19. They 
gave a much inclined single optic axial figure, with the axial plane along the length direction 
of the crystal. Some crystals giving centred optic axial figures were found, and from these 
the optic sign is +. 

p-Nitrobenzaldehyde, crystallised from benzene and chloroform (by evaporation), melted at 
106°. Crystals from chloroform consisted of colourless needles and rectangular tablets, and 
those from benzene of needles and hemimorphic tablets, one end being pointed and the other 
rectangular. Both specimens commonly presented the same section (Fig. 20). The polaris- 
ation colours are abnormal yellows, blues, and purples, and observations on ‘‘ melted ’’ slides 
(below) showed that the substance exhibits crossed axial plane dispersion. 

On freshly prepared ‘‘ melted ”’ slides, sections corresponding to Fig. 20 and also acute 
bisectrix sections were presented. The interference figures given by the latter in white light 
showed strongly coloured “‘ isogyres ’’ (red on their inner, and blue on their outer sides) in the 
45° position, these sweeping in to form a black cross in the extinction position. Insertion of 
light filters showed that the axial plane for red light is at right angles to that for green and 
blue. The optic sign for red and green is + (that for blue could not be determined with 
certainty). The reason why the “‘ isogyres’’ are seen in white light is probably that the 
dispersion is much smaller in the red and yellow portions of the spectrum than in the green 
and blue. 

On standing, the ‘‘ melted ”’ slides develop crystals showing acute bisectrix figures in which 
the axial plane for red and green is the same. This is probably due to polymorphic change. 
It is hoped to study this compound more closely. 

The Identification of Unknown Compounds.—The results were tested by identifying six 
unknown specimens selected by third party from among the compounds. It was known how 
many substances were in each specimen. 

Three single substances were identified, viz., m- and p-nitrobenzoic acids and p-nitrobenzyl 
alcohol, as a result of a few minutes’ work : m-nitrobenzoic acid by the characteristic appearance 
of the crystals on a “‘ melted ”’ slide and by refractive index determinations; p-nitrobenzoic 
acid by its abnormal blue and gold polarisation colours, a result which was confirmed by its 
recrystallising from benzene as elongated octagonal plates; p-nitrobenzyl alcohol by means of 
the extinction angle of 24° on the “‘ melted ”’ slide, and by refractive-index determinations on a 
specimen recrystallised from alcohol. 

The following mixtures, in the form of fine powders, were identified : (1) o- and p-nitrobenzyl 
alcohols and m-nitrobenzaldehyde; (2) o- and p-chloronitrobenzene; (3) o-nitrobenzaldehyde 
and p-bromonitrobenzene. Since no useful information could be obtained from them in their 
original state, a partial separation of the constituents was effected by fractional crystallisation. 

Mixture 1.—A “‘ melted slide ’’ showed the presence of yellow needles giving two types of 
extinction, viz., straight and an oblique extinction about 25°. Very bright polarisation colours 
of purple, red, and green were observed pointing to the presence of a nitro-alcohol. The mixture 
was shaken with water; the solution was poured off, and deposited yellow needles on crystallis- 
ation; these gave straight extinction, sign of elongation —, and optic sign —, which indicated 
o-nitrobenzyl alcohol. Solution of the residue in hot water resulted in another crop of yellowish 
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needles with an extinction angle of 24°, optic sign +, which are characteristics of p-nitrobenzyl 
alcohol. 

White rectangular tablets together with a very fine powder were obtained from solution in 
boiling water. The tablets showed optic sign +, and the refractive indices were found to 
correspond with those of m-nitrobenzaldehyde. 

The partial separation and identification of o- and p-nitrobenzyl alcohols was complete in 
less than 3 hours, and a total of 5 hours sufficed to include confirmatory refractive-index deter- 
minations, and detection of the m-nitrobenzaldehyde. 

Mixture 2.—A “‘ melted ’’ slide showed the presence of white elongated needles all of which 
gave oblique extinction, the angle varying from 13° to 16°. Two types of interference figure 
were shown in sodium light, viz., (a) an acute bisectrix figure with optic sign +, by needles with 
an extinction angle of 16°; (b) an inclined single optic axial figure with optic sign +, by needles 
with smaller angles of extinction. 

The mixture was dissolved in alcohol at the ordinary temperature. On crystallisation, 
elongated white needles with inclined terminations were deposited, together with some larger 
plates. Measurements of the edge angles gave two groups of acute angles, 60° and 85°. The 
small-angled plates gave an extinction angle of 13° and were very soluble in the usual refractive- 
index liquids. The other needles and plates were slightly soluble and gave an extinction angle 
of 16°; they showed acute bisectrix figures in sodium light with optic sign +. These properties 
are characteristic of o-chloronitrobenzene. The other needles and plates showed properties 
characteristic of -chloronitrobenzene. The results were confirmed by refractive-index 
determinations. 

Mixture 3.—A “‘ melted ”’ slide showed the presence of two types of elongated needles— 
some creamy white and others a greenish-white. The former gave an extinction angle of 14—15° 
and very inclined single optic axial figures in white light with optic sign +; the latter gave 
straight extinction, and an uncentred obtuse bisectrix figure in sodium light with optic sign —. 

The powder was dissolved in absolute alcohol at the ordinary temperature, and on crystallis- 
ation gave a crop of crystals containing more of the first variety. The acute angle was 85—86°. 
The needles gave an extinction angle of 14°, sign of elongation —, and very inclined single optic 
axial figures in white light with optic sign +; the figure merged off towards the other optic 
axis and was characteristic of p-bromonitrobenzene. 

Crystallisation from hot alcoholic solution yielded greenish-white needles which were 
indefinitely terminated. They gave straight extinction and an uncentred obtuse bisectrix 
figure in sodium light with optic sign —, these being characteristics of o-nitrobenzaldehyde. 

The results were confirmed by refractive-index determinations. 


The authors thank the Council of the Chemical Society for a grant which has defrayed part 
of the cost of this work. 
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405. The Ionisation Constants of the Tartaric Acids and the Nature 
of the Borotartaric Acids. 


By IsLwyn JONEs and F. G. SoPEr. 


THE ionisation constants of the active tartaric acids have been measured by a variety of 
methods and the more recent determinations are in good agreement with each other. No 
determinations of these constants of the meso-acid have been made by the electrometric 
method, and as they were required in order to compare the ratio of the first and the second 
ionisation constant of the d- and the meso-acid, an electrometric study of both acids has 
been carried out using a form of cell which eliminates any liquid-liquid junction. Measure- 
ments were made at a series of ionic strengths and the thermodynamic ionisation constants 
were deduced therefrom. Both have also been measured over the temperature range 
25—75°. 
The results obtained, together with those of previous workers, are shown in Table I. 
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TABLE I. 


Ionisation Constants of d- and meso-Tartaric Acids. 


K,x 10%. K, x 10. Ref. ye K,x 10%. K, x 10. Ref. 
d-Tartaric acid. 
S B. & W. 


j -& F. 
McC. ; , . & B. 
; -&S. 


D. & D. 


Py. 
1-02 B. 
0-896 . A. & S. 


meso-T artaric acid. 


W. 25 , 1-53 ae Se 
H. 50 ? 1°46 - 
74 0°52 1:26 os 


References.—O. = Ostwald, Z. physikal. Chem., 1889, 3, 372; B. & W.= Bischoff and Walden, 
ibid., 1891, 8, 466; W.= Wegscheider, Monatsh., 1902, 23, 635; McC. = McCoy, Amer. Chem. 
1908, 30, 694: D. & D. = Datta and Dhar, J., 1915, 107, 826; P,. = Paul, Z. Elektrochem., 1915, 1, 
552; B. = Boeseken, Rec. trav. chim., 1918, 37, isk; A.&S.= Auerbach and Smolczyk, Zz. physikal. 
Chem., 1924, 110, 65; P,. = Paul, ibid., p. 417; D. & F. = Duboux and Frommelt, J. Chim. en 
1927, ‘24, 245; K. & B. = Kolthoff and Bosch, Rec. trav. chim., 1928, 47, 861; = Walden, _ 
1896, 29, 1702; H. = Holmberg, J. pr. Chem., 1911, 84, 166; j. &S.= present communication. 
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0°63 14 


With increasing temperature, the secondary ionisation constants of the two acids 
decrease, and the primary constants increase to a maximum and then decrease. The 
difference in the primary ionisation constants of the two acids, like that of the electric 
moments of the ethers (Wolf, Trans. Faraday Soc., 1930, 26, 319), indicates the absence of 
free rotation and is in harmony with a type of internal co-ordination suggested by Lowry 
and Burgess (J., 1923, 123, 2111) and Lowry and Austin (Nature, 1924, 114, 431). Two 
formule have been suggested, (I) and (II), but (II) is the more probable, since, owing to the 


H H 

_ H—CH B/ \co“No 

H eb t . ~o 
(I.) \ \o% 


H 


smallness of the hydrogen atom, 5-membered rings involving this atom would be associated 
with considerable strain.* 

When models of the d- and the meso-acid are constructed, it is immediately apparent 
that structure (II) is strainless for the active acid but not for the meso-acid; some of the 
latter may therefore exist in form (III), and, in effect, will not be so — co-ordinated 


OH 
oto OH Bt 


! 
(III.) 
as the active acid. Since co-ordination of the carbonyl oxygen causes electron recession 
from the carbonyl carbon and facilitates the ionisation, the d-acid should have the higher 
primary ionisation constant, as is observed. 
* Since this paper was submitted, Ferrell, Ridgion, and Riley (this vol., p. 1447) have measured 
the extent to which copper ions are removed by the d- and meso-tartrate ions. The affinity for copper 


ions follows the order of affinity for hydrogen ions. The authors point out that the difference cannot 
be explained if the internal co-ordination is of type (I), but is in harmony with formula (II). 
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This view also serves to explain the difference in the ratio K,/K, for the two acids, 
which is 39-4 for the meso- and 22°8 for the d-acid. If the former exists as (III), the first 
ionisation stage favours the ionisation of the co-ordinated carboxyl group, leaving a greater 
proportion of unco-ordinated carboxyl groups for the second ionisation stage. There is 
therefore a greater difference between the secondary than between the primary ionisation 
constants of the two acids. An additional factor which may further diminish the second 
ionisation constant of the meso-acid relative to that of the d-acid also results from the differ- 
ence in co-ordination. The smaller co-ordination in the meso-acid permits of greater 
freedom of rotation of one of the carboxyl groups, causing the mean distance of the ionising 
groups in this acid to be less than in the d-acid, with the resulting Bjerrum effect. 

The Influence of Boric Acid.—The effect of boric acid on the tartaric acids is of interest 
with regard both to the normal configuration of these acids (Béeseken and Coops, Proc. K. 
Akad. Wetensch. Amsterdam, 1920, 29, 368; Béeseken, ibid., p. 562) and to the suppression 
of the anomalous rotatory dispersion of tartaric acid (Lowry and Austin, Phil. Trans., 
1922, 222, A, 249). Béeseken and Coops claim that boric acid has a greater effect on the 
active acids than on the meso-acid, and regard this as an indication of the juxtaposition of 
the hydroxyl groups in the former acids (cf. Goldschmidt, “‘ Stereochemie,”’ Leipzig, 1933) : 


H 


CO,H>*—0H 


‘ goal ‘CO,H 
H 


Active. Meso-. 


This claim is based on the increased conductivity of a solution of 0°5M-boric acid on addition 
of various concentrations of the active and meso-acids; e.g., in presence of 0°5M-boric 
acid, « for M/256-solutions of d- and meso-acid is 302 and 248 units respectively, increasing 
to 55,280 and 53,950 units respectively for M-tartaric acid. Amadori (Gazzetta, 1931, 61, 
215), however, points out that, although the actual increase in conductivity is greater for 
the d- than for the meso-acid (54,878 and 53,702 units respectively), yet the ratio of the 
conductivity of the former to that of the latter, which is 1:25 over a wide range of concen- 
tration, is actually decreased by the presence of 0°5M-boric acid and, in the M-tartaric 
acid mixtures, has fallen to 1°02; he therefore regards boric acid as having a greater 
effect on the meso-acid. 

Electrometric titrations of d- and meso-tartaric acids in the presence of various amounts 
of boric acid have now been carried out. Increasing concentration of boric acid causes the 
titration curves for the two acids to approach each other for the first neutralisation stage, 
and for the 0°5M-boric acid and 1°0M-tartaric acid mixture, the meso-acid has slightly 
the higher hydrogen-ion concentration. In more dilute tartaric acid solutions and excess 
boric acid, the hydrogen-ion concentrations also approximate very closely. These 
observations support Amadori’s conclusions that boric acid has the greater effect on the 
weaker meso-acid. 

If the effect of the boric acid is to bridge the hydroxyl groups and to force these into 
contiguous positions in the case of the meso-acid, the configuration of the complex acids 
would be (IV) and (V), on Béeseken’s quadrivalent boron conception (Proc. K. Akad. 


OH H® OH H® 
o—#on O—B~—OH 


(IV; active.) 
Wetensch. Amsterdam, 1923, 26, 97; 1924, 27, 174). An objection is that the interference 
of the carboxyl groups in the meso-acid complex would make this complex less readily 
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formed than that from the active acid. A further objection rests on the behaviour 
observed on addition of a second equivalent of alkali to the borotartaric acid; this addition 
ionises a carboxyl group and, from the spatial similarity of the carboxyl groups in the 
complex to those in maleic and fumaric acids, its ionisation constant should be greater for 
the meso- than for the d-acid complex. The titration curves (see fig.) show no evidence of 
this, but, instead, the opposite effect. 


0 





o—o 0-5 M-d- Tartaric acid. 

o—v 0-5 M- meso Tartaric acid. 

SSN . o-----0 0:5 M-d-Tartaric+10M-boric acid. 
Sa ~ v----70-5M- mesoTartaric +1-0M-boric acid. 
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Amadori’s conclusion, based on conductivity experiments, was that the borotartaric 
acid complex involved 2 mols. of boric acid to each mol. of tartaric acid, each boric acid 
molecule forming a ring with the hydroxyl and carboxyl groups attached to the same 
asymmetric carbon atom (VI) and so forming complexes from the d- and meso-acids of 
similar ionisation constants. 


Yen 
0. HK¢_g>B-OH 


HOBO H ‘O 
O 
(VI.) 


An alternative formulation is (VII), but neither explains the fact (Burgess and Hunter, 
J., 1929, 2838; Lowry, ibid., p. 2857) that, whereas the first ionisable hydrogen in the com- 
plex is electrovalent and similar to the first ionisable hydrogen in sulphuric acid, the second 
hydrogen is less ionised than in tartaric acid alone. Lowry, in view of the isolation of the 
solid potassium borotartrate (ibid., p. 2856), in which 1 mol. of boric acid is associated with 
2 mols. of tartaric acid, formulates the complex as (VIII). It is possible also that this 
dissociates to form a dibasic one in which the tartaric and boric acids are equimolar (IX), 
where the strong acid nature is preserved. The weaker nature of the carboxyl group in 
(VIII) and (IX), compared with that in tartaric acid, is easily understood, since co-ordin- 
ation with boric acid prevents the internal co-ordination of types (II) and (III) which 
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facilitates ionisation. In addition, there may exist a Bjerrum effect, since the planar 
configuration of the boric acid portion of the complex increases the free rotation and causes 


OH 
CZ “Ov Ke H® 


(VIII.) Ne A a: \OH (IX.) 


CH(OH): onde H(OH)-CO,H 


the average distance of the ionising carboxyl group from the negative centre to be less than 
in the second ionisation stage of tartaric acid itself. The greater effect of boric acid on the 
meso-acid is noteworthy (see fig.). It is to be attributed to the greater ease of formation of 
the boro-meso-acid complex, owing to the lesser degree of internal co-ordination which 
obtains in the meso-acid. This internal co-ordination competes against the formation of 
the boro-complex, and has already provided an explanation of the difference in the ionisation 
constants of the active and the meso-acid. 

It is probable that (VII), (VIII), and (IX) all exist in solution. Predominance of type 
(IX) under certain conditions is in agreement with the observations of Burgess and Hunter, 
who found that the maximum rotatory power per mol. of solutions containing both boric 
and tartaric acids occurred in the equimolar solution; (VII) appears to exist in solutions 
containing excess of boric acid, where it is found that the second ionisation stage of the 
complex is associated with a higher hydrogen-ion concentration than that of tartaric acid 
itself. This change in behaviour when passing to solutions containing excess of boric 
acid is shown in Table III. 

On neutralisation of tartaric acid, negative charge accumulates in the carbonyl 
group and results in an increased tendency to internal co-ordination. This militates 
against the formation of boric acid complexes and accounts for its decomposition in weak 
alkaline solution. The same explanation applies to the smaller amount of complex form- 
ation in dilute tartaric acid solutions, where the tartaric acid is ionised. 


QO He 
ob Oge ey )-CO,H 


EXPERIMENTAL. 


The cell used was of the type, H,(Pt)|tartaric acid + tartrate, cM-NaCl|AgCl,Ag, all 
solutions, including the standard alkali used for titration, containing chloride at some fixed 
concentration, c. A similar type of cell has been used by Harned and Robinson (J. Amer. Chem. 
Soc., 1928, 50, 3157) and Harned and Owen (ibid., 1930, 52, 5079) for the determination of 
ionisation constants of weak acids and bases. The hydrogen electrode was prepared according 
to the directions of Ellis (ibid., 1916, 38, 737), and the silver chloride electrode according to 
Carmody (ibid., 1929, 51, 2901). The capacity of the titration cell was 200—300 c.c. 

The results obtained for the e.m.f., Egoq, of the reference cell, H,(Pt)|N /1000-HCl|Ag,AgCl, 
from 25° to 75° are given below; they are not corrected for the partial pressure of the water 
vapour, but refer to a total pressure of 760 mm. : 


E.m.f. of the hydrogen-silver chloride cell. 
p- 25°0° 35-0° 468° 57°0° 648° 74°8° 
E.m.f., volts 0°5793 0°5847 0°5897 0°5920 0°5931 0°5929 


The hydrogen-ion concentration of the tartaric mixtures was determined from the e.m.f. of 
cells in which the chloride concentration was 0-001M. If the e.m.f. observed (corrected to a 
total pressure of 760 mm.) is E,, the concentration of hydrogen-ion in the solution is given by : 


— log[H"] = (E, — Eo.oo1) /0-0001983T + 3-00 + 2 log f4/fo.oo 


where f/f, is the mean activity coefficient of the hydrogen and the chlorine ions in the tartaric 
acid solution, and foo, (= 0-965) is that in the hydrochloric acid solution. The activity 
coefficients, calculated from the Debye—Hiickel theory,* for the ionic strengths obtaining in 


* By means of the formula — log f = Az*V p/(1 + aBV py), where A and B have the values 0-504 and 
0-328 at 25°, 0-548 and 0:338 at 50°, 0-620 and 0-348 at 74°, respectively, and a, the mean effective dia- 


meter of the ions, has the value 4 A 
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the solutions examined, are shown with other data in Table II ({H,T] representing the tartaric 
acid concentration); those for bivalent ions, required for the evaluation of the secondary 
ionisation constants, are also included. The primary thermodynamic ionisation constant, 
K%, is evaluated as [H*][HT’]f?/[H,T], and the secondary ionisation constant, K}, as 
(H*}(T’’]f./[HT’], where f, is the activity coefficient of a bivalent ion. 

The second ionisation constant was first evaluated by the method of Auerbach and Smolczyk 
(loc. cit.). This constant and the equations [H,T] + [HT’] + [T”] =c and [Na’‘] + [H’] = 
[HT’] + 2[T’’], then allow of the evaluation of K, which is insensitive to a small error in Kg. 
The accurate evaluation of K, then follows from K,, the two equations above, and the hydrogen- 
ion concentrations in the more alkaline solutions. This method is similar to that used by 
Kolthoff and Bosch (loc. cit.). 


TABLE II. 
{H,T] [NaOH] Tonic 
x 108. x 108. strength. ‘< E.m.f. log f;. . Ky x 10°. Ky x 10°. 
d-Tartaric acid + 0°001M-NaCl. 
0-006 , 0°5818 1-965 1-025 
0:0035 , 0°5871 1-030 
000225 , 0°5941 1-044 
0:00162 , 0°6036 1-045 
0°0160 . 0°6498 . ' 
0°0085 ‘ 0°6526 
0°00475 . 0°6550 
0°00287 . 0°6576 
0-006 , 05911 
00035 . 0°5958 
0°00225 , 0°6027 
0-00162 0°6126 
00160 0°6693 
0-0085 0°6715 
0°00475 0°6736 
0°00287 0°6762 
0-006 0°5968 
0-0035 0°6011 
0°00225 0°6095 
0°00162 0°6221 
0-0160 0°6840 1-931 
0:0085 0°6868 1-949 
0°:00475 0°6904 1-961 
0°00287 0°6936 1-970 


meso-Tartaric acid + 0°001M-NaCl. 


0-0060 0°5933 1-965 

0:0035 . 0°5952 1-972 

0°00225 , 0°6014 1-977 

000162 . 0°6101 1-980 

00160 . 0°6777 . 

00085 . 0°6789 

0°00475 . 0°6819 

0-00287 . 0°6848 

0-0060 . 0°6011 

0-0035 . 0°6072 

0°00225 0°6134 

0°00162 0°6229 

0-0160 0°6967 

00085 0°6998 

0°00475 0°7015 

000287 0°7047 

0-0060 0°6108 

0°0035 0°6153 

0:00225 0°6219 

0-00162 0°6316 

0°0160 0°7093 

0-0085 0-7126 . 1-796 
0°00475 0°7158 . 1-864 
000287 0°7187 1-970 1-880 
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Titration of Mixtures of Boric and Tartaric Acids.—Titration of the tartaric acids at con- 
centrations of 0-02M, 0-2M, and 0-5M in the presence of various concentrations of boric acid 
was carried out, the sodium hydroxide solution used containing chloride ions at the same con- 
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centration as in the solution of acids in the cell. The marked intersection of the titration 
curves which occurs when 0-5M-tartaric acid is titrated alone and in the presence of 1-0M-boric 
acid (see fig.) is absent when a greater molecular excess of boric acid is used; e.g., with 0-02M- 
tartaric acids intersection still occurs when the boric acid is 0-04M, but is absent when its 
concentration is 0-08—0-8M. In the presence of this excess of boric acid, there is no evidence 
of a weaker secondary ionisation (in comparison with tartaric acid) of the borotartaric acid 
complex, a fact which indicates the formation of Amadori’s complex (VII). The results of the 
titrations of 0-8M-boric acid + 0-02M-tartaric acid are given in Table III. 


TABLE III. 
Titration of 0°02M-tartaric acid + 0°8M-boric acid. 
pu of 


NaOH, equivs. d-Acid. d-Acid + H,BO,. mesoAcid. mesoAcid + H,BO,. 
: 2-301 1-890 2-507 1-972 
2°515 2-040 2-731 2-137 
2°844 2-273 3°100 2°416 
3°380 2-770 3°737 2-969 
3°719 3°111 4°158 3°354 
4101 3°523 4°588 3°789 
5°231 4°622 4°809 4°815 





The enhanced hydrogen-ion concentration in the presence of boric acid during the secondary 
neutralisation stage is not appreciably affected by the ionisation of the boric acid itself (K, = 
5-8 x 10-19; Owen, J. Amer. Chem. Soc., 1934, 56, 1697), until nearly the full 2 equivs. of alkali 
have been added. The results obtained with 0-2M-tartaric acids are similar to those with 
0-5M-tartaric acids. 


The authors thank the Chemical Society for a research grant, and Professor J. L. Simonsen, 
F.R.S., for his interest in this work. 
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406. Physicochemical Studies of Complex Acids. Part XIII. The Con- 
stitution of Quinquevalent and Quadrivalent Vanadium Solutions ; 
with a Note on their Respective Reduction and Oxidation. 


By H. T. S. Britton. 


In Part II (J., 1930, 1261), Britton and Robinson tentatively explained in the light of their 
approximate ~, curves, why Rosenheim and Yang (Z. anorg. Chem., 1923, 129, 181) were 
able to titrate boiling alkali vanadate solutions with sulphuric acid to phenolphthalein and 
more accurately to a-naphtholphthalein. The glass electro-titration curve (Part VII, J., 
1932, 1956) representing the changes in px, of solutions of sodium vanadate after successive 
additions of hydrochloric acid, boiling, and cooling to 18°, reveals that a sharp diminution 
in Pq occurs when the vanadate formed has the composition Na,O,V,0,, the pg then being 
7-5. As the normal colour change of «-naphtholphthalein occurs at about pg 8-5 such an 
explanation is not sufficiently quantitative, and this led to the suspicion that the reactions 
of vanadic acid towards alkali at elevated temperatures might differ from those at lower 
temperatures. ‘Glass electro-titrations of alkali vanadate solutions with sulphuric acid, and 
also of a very dilute solution of vanadium pentoxide and of more concentrated solutions in 
sulphuric acid with alkali, have therefore been performed at various temperatures. At 85° 
well-defined inflexions are obtained corresponding to the formation of alkali metavanadate, 
Na,O,V,O;, whereas at lower temperatures the inflexions are indefinite and depend upon both 
the time allowed and the temperature. 

In sulphuric acid solutions vanadium pentoxide is readily reduced to the blue quad- 
rivalent state. In the presence of excess acid these solutions are remarkably stable (cf. 
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Furman, J. Amer. Chem. Soc., 1928, 50, 1675; Stout and Whittaker, Ind. Eng. Chem., 1928, 
20, 210), and owing to the fact that on crystallisation they often yield salts having the 
composition, V,0,,2SO,,xH,0, they are usually considered to contain “‘ vanadyl ”’ sulphate, 
VOSO,. The following work supports this view and indicates, moreover, that vanadium 
tetroxide is incapable of reacting in dilute solution with larger proportions of sulphuric 
acid; contrary to the general belief (see, e.g., Mellor, ‘‘ A Comprehensive Treatise, etc.,”’ 
1929, Vol. IX, p. 745), the tetroxide is not amphoteric in dilute solution for it is neither 
attacked by, nor dissolves in, alkali solutions. 

Unless the utmost care is taken to prevent oxidation by air, both precipitated vanadium 
tetroxide and vanadyl sulphate solutions containing no excess of acid rapidly become 
oxidised and then on treatment with alkali give yellow vanadate solutions. That acidity 
has an important influence on the oxidation of quadrivalent vanadium solutions was 
observed by Gustavson and Knudson (J. Amer. Chem. Soc., 1922, 44, 2756); temperature 
also was found to have an important effect by E. Miiller and his co-workers (Z. anorg. Chem., 
1922, 125, 155; Z. Elektrochem., 1923, 29, 500). 


EXPERIMENTAL. 


1. Glass Electro-titrations of Vanadate and Vanadic Acid Solutions.—Preliminary titrations 
of the universal buffer solution (Prideaux, Proc. Roy. Soc., 1916, 92, A, 463; Britton and Robin- 
son, J., 1931, 1456) at various temperatures by means of the glass electrode showed that the 
P.D.’s which are immediately established across the glass membrane are a function of the py 
values of the solutions of the opposite sides. For titrimetric work, this electrode therefore 
provides an excellent indicator, and as no attempt was made to employ it for the measurement of 
pg atelevated temperatures, a problem which in itself necessitates the careful calibration of buffer 
solutions at a series of such temperatures, the ordinary electrode system was used, viz., 


Pt | 0-1N-HCI, Quinhydrone | Glass | Test solution | Satd. KCl | N-Calomel 


and everything, save the junction liquid and the calomel electrode, which was kept at room 
temperature, was heated to the desired temperature. The E.M.F.’s of the cell, measured by 
means of an Osram electrometer valve and a galvanometer (Harrison, J., 1930, 1528), were 
plotted against the amount of titrant added. On titrating 100 c.c. of 0-0167M-sodium ortho- 
vanadate with 0-1N-sulphuric acid at 85°, the curve obtained was similar to that at 18° (see 
Part VII) with the exception that when the acid was sufficient to form the 1 : 1 vanadate there 
occurred a sharp inflexion, and immediately afterwards the solution became acidic. There was 
a little unsteadiness in the E.M.F.’s in the vicinity of the inflexion. Back-titration with sodium 
hydroxide yielded an inflexion at the same stage. 

An aqueous solution of vanadium pentoxide was next titrated with alkali. It was prepared 
by shaking the oxide, obtained by careful ignition of pure ammonium metavanadate, with water 
for a fortnight at room temperature. The resulting solution contained 0-304 g. of vanadium 
pentoxide per litre, i.e., 0-00167M-V,O;. Meyer and Aulich (Z. anorg. Chem., 1930, 194, 278) 
obtained an aqueous solution containing 0-7 g. per litre by using a “‘ specially reactive ’’ sample of 
vanadium pentoxide. On titration at 18° with alkali, a curve of which the mid-point of the 
inflexion corresponded to the production of Na,O,2V,O,, was obtained, identical with those 
given in Fig. 2 of Part VII. Throughout the titration the solution remained yellow. The pg 
of the vanadic acid solution was 3-0 and indicates that ionisation, considered as H,VO,—>= H*+ 
H,VO,’, had proceeded to the extent of 30%. At 45°a similar curve was immediately obtained, 
but at 70° and 85° the inflexion was delayed until the added alkali was sufficient to form 
Na,O,V,O,, 1.e., NaVOs, the so-called metavanadate. At 70° the E.M.F.’s in the region of the 
end-point required several minutes to become constant. Comparable results were obtained with 
lime-water, and precipitation began at the stage corresponding with 2CaO,V,O,, i.e., CaHVO,. 
The colour changes during the titration are of interest : the solution remained yellow until the 
incidence of the ‘‘ metavanadate ”’ inflexion, and then became colourless. 

As found by Meyer and Aulich (/oc. cit.), vanadium pentoxide is appreciably soluble in 
sulphuric acid solutions : for concentrations ranging from 8 to 64% of acid the solubility varies 
between 1-87 and 2-62%. This suggests that chemical union does not take place between the 
vanadic and sulphuric acids. The presence of vanadium pentoxide in solutions of sulphuric acid 
has very little effect on the pg values as determined by the glasselectrodeat 18°. Alkali titrations 
of such solutions at 18° are rarely accompanied by the separation of any vanadium pentoxide. 
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The solutions remain yellow and the inflexions occur at positions corresponding to the total 
neutralisation of thesulphuricacidand the formationof Na,O,2V,0,. Titration at 85°, however, 
postpones the end-point to the alkali metavanadate stage, and partial precipitation usually 
occurs from the more concentrated vanadium pentoxide solutions during the addition of the 
alkali required to convert Na,O,2V,O, into metavanadate. In the titration of a solution con- 
taining 18-25 g. of vanadium pentoxide and 40 g. of sulphuric acid per litre, this precipitation 
caused the inflexion to be somewhat premature, at 0-89Na,O,V,O;. 

2. The Action of Sodium Hydroxide on Solutions of Vanadyl Sulphate and Sulphuric Acid.— 
Solutions containing quadrivalent vanadium were prepared by passing sulphur dioxide through 
a suspension of vanadium pentoxide in sulphuric acid and boiling off the sulphur dioxide when 
reduction was complete. Curve A (Fig. 1) represents the change in hydrogen-ion concentration 
at 14° when 100 c.c. of 0-00997M-vanadyl sulphate, VOSO,, and 0-00795M-sulphuric acid were 
titrated with 0°1N-sodium hydroxide. The solution was blue during the first stage of the 
reaction, which, as Curve A shows, was that of the neutralisation of the acid in excess of the 
amount required to form vanadyl sulphate. Further alkali decomposed the vanadyl sulphate 
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with separation of a flocculent white precipitate of hydrated vanadium tetroxide. The final 
inflexion of the curve shows, however, that the amount of alkali required to do this was appreci- 
ably greater than is indicated by the equation 2VOSO, + 4NaOH = V,0,,2H,O + 2Na,SO,, 
and the reason was found in the change in the nature of the precipitate, and its subsequent 
dissolution, as more alkali was added, for the quadrivalent vanadium had become increasingly 
susceptible to aerial oxidation. Another titration was therefore performed in which a rapid 
stream of hydrogen (oxygen-free) was passed through the titration vessel and air was entirely 
excluded; the corresponding curve is B (Fig. 1). Precipitation again began at py 4:3, 
but the final inflexion reveals that a little more than the stoicheiometrical amount of alkali was 
required. Acidification and titration with potassium permanganate showed that, notwith- 
standing all the precautions, 4—5% of oxidation had occurred. The vanadium tetroxide did 
not redissolve. The curves afford definite evidence of existence of vanadyl sulphate in solution. 

Table I illustrates the increasing susceptibility to oxidation by the air of acidified vanadyl 
sulphate with increasing pg. It refers to a series of solutions prepared by mixing 100 c.c. of the 
solution of the concentrations used in the titrations with the amounts of 0-1N-alkali given in 
col. 1 and shaking the mixture in stoppered bottles at 14° fora week; the bottles were of 500 C.c. 
capacity and therefore contained adequate oxygen to effect complete oxidation to the quinque- 
valent state. The initial pg may be obtained from the curve. The final pg values, col. 6, show 
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that decreases occurred in all cases, and especially in the alkaline solutions in which the vanadic 
acid formed had dissolved, 


TABLE I. 
Appearance, 





, ~ Oxidation, 

NaOH, c.c. Initially. After 8 hrs. After 24 hrs, %. Pu- 
Blue Blue Blue ; 2°48 
Grey-blue Green-blue Green-blue 
Cloudy Yellow-green Yellow-green 


Ppt. ” 


- Ppt. Dark green soln. 
Cloudy Colourless soln. Colourless 
50 Brown soln. ” ” ” 


By mixing the above solutions at 70° in the presence of air the rate of oxidation was much 
enhanced, as indicated by the changes in colour and the negligible amount of precipitation that 
occurred. 

3. Oxidation and Reduction Reactions.—Electrometric titrations of vanadyl sulphate solu- 
tions were performed at 22°, 50°, and 75° with 0-1N-potassium permanganate. The indicator 
electrode was bright platinum, and the titration-cell was connected, through a saturated 
solution of potassium chloride, to a N-calomel electrode. Although at 22°, the E.M.F.’s were 
slowly set up, they clearly showed the effect of the concentration of sulphuric acid. The 
solutions contained 1-2 g. of vanadium tetroxide and were 1-02N with regard to sulphuric acid. 
The titrated solution alone was raised to the desired temperature and the calomel was kept at 
room temperature. It was estimated that at 50° the increase in P.D. due to the difference in 
temperature of the two electrodes was about 0-025 volt. At 50° the stable E.M.F.’s were almost 
immediately set up, and at 75° the oxidation was even faster. The E.M.F.’s at half-oxidation, 
not including the ‘‘ temperature E.M.F.”’, were 0-706 and 0-698 volt respectively, i.e., assuming 
the N-calomel to be 0-283 volt more positive than the normal hydrogen electrode, 0-989 and 
0-981 volt (V-H = 0). The effect of temperature is in accord with the observations of 
Miiller and Just (Z. anorg. Chem., 1922, 125, 155) and Miller and Flath (Z. Elekirochem., 1923, 
29, 500), who find 70—80° to be suitable in potassium permanganate titrations, and of Furman 
(J. Amer. Chem. Soc., 1928, 50, 1675), who prefers the range 50—60° when titrating with ceric 
sulphate. 

In consequence, the effect of acidity on the course of oxidation of quadrivalent vanadium was 
investigated at 45°, and it was found that at this temperature the reaction was almost instan- 
taneous. Fig. 2, curves A—F, represents a series of titrations of 100 c.c. of 0-00978M-VOSO, 
in the presence of sulphuric acid of the following concentrations : 0-031N (curve A), 0-071N (B), 
0-174N (C), 0-398N (D), 1-01N (E£), 1-81N (F). The E.M.F.’s at the mid-points of the titrations 
were 0-467, 0-545, 0-606, 0-651, 0-707, and 0-742 volt respectively with 0-1N-potassium per- 
manganate, whilst curves A’—F’ are the reduction sections of respective back-titrations with 
0-1N-ferrous sulphate. An atmosphere of hydrogen was maintained in order to prevent aerial 
oxidation (see p. 1844). 

As shown by the E.M.F.’s prevailing when the oxidised and reduced vanadium is present in 
equimolecular quantities, viz., at the mid-point, and also by the positions of the curves in Fig. 2, 
the effect of increasing concentration of acid is to raise materially the potential ranges within 
which either oxidation or reduction can take place. The final positions to the left of Fig. 2, 
with respect to the ordinates, of the back-titration curves after the stoicheiometrical amounts of 
ferrous sulphate are added show that in the titrations, A’, B’, and C’, the potentials corre- 
sponding to the vanadium reaction and to mixtures of ferrous and ferric ions overlap. Hence, 
in such solutions ferrous sulphate cannot effect the complete reduction of vanadic acid to the 
quadrivalent state. The points marked by circles on the curves give the stages when ferrous 
iron could first be detected during the progressive addition of ferrous sulphate by using acidified 
potassium ferricyanide as an external indicator. In the least acid solution, the precipitation of 
basic ferric vanadate at the point marked by the arrow presented another complication. 

The broken line at the top of Fig. 2 represents the change in potential calculated by means of 
the term — 0-063 log [VO"]/[HVO,]. The shape of this curve and that of B, C, D, E, and F 
are almost identical. Attempts were made to ascertain whether the actual variations in reduc- 
tion potential at the mid-points could be accounted for by the variation in hydrogen-ion con- 
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centration (or activity). It being assumed that the following equation represents the reduction : 
HVO, + 3H* = VO" + 2H,O + F, then at 45°, Ey, = Ey — 0-063 log [VO"*}] /[HVO,] + 
3 x 0-063 log [H }. 

The shape of the observed curves compared with the broken curve confirms the accuracy of 
the second term of this expression, whilst rough estimates of the hydrogen-ion concentration, 
based on the conductance ratios of sulphuric acid at 45°, lead to values of E, ranging from 
0-77 to 0-81 volt against the N-calomel electrode at 18°, the average being 0-79 volt. On 
correction for the difference in temperature between the two electrodes, this value becomes 
1-04 volt (V-H = 0). A more satisfactory method of correlating these variations in reduction 
potential would have been to determine the concentrations (or activities) at 45° of the hydrogen- 
ions, but the use of the glass electrode entails many assumptions. In addition to the use of the 
conductance ratios, the calculations cannot be entirely satisfactory, as they do not include any 
possible ionisation of the vanadic acid. 

Rutter (Z. anorg. Chem., 1907, 52, 368) determined the potential of a single mixture of quadri- 
and quinque-valent vanadium in 0-5N-sulphuric acid at 18°. Calculation gives E, = 1-07 volt, 
whilst Foerster and Béttcher (Z. physikal. Chem., 1930, 151, 321) observed at 18° potentials of 
1-06, 1-012, and 1-002 volts with equimolar mixtures in 3, 1-25, and 0-75N-sulphuric acid respec- 
tively. Finally, Coryell and Yost (J. Amer. Chem. Soc., 1933, 55, 1909) observed similar varia- 
tions in reduction potential given by solutions of vanadic acid and vanadyl chloride in the 
presence of varying concentrations of hydrochloric acid. Ina N-hydrochloric acid solution the 
potential given at 25° by an equimolar mixture was 1-022 volt. 


The author thanks Mr. O. A, E. Jackson, who carried out the experimental work, and the 
Chemical Society, for a grant from the Research Fund. 
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407. The Determination of Dipole Moments in Solution. 
By FRED FAIRBROTHER. 


RECENT work, particularly by Miiller (Physikal. Z., 1932, 33, 732; 1933, 34, 689; 1934, 
35, 346; Trans. Faraday Soc., 1934, 30, 729) and by Jenkins (this vol., p. 480), has shown 
that, contrary to former belief, the dipole moment of a molecule measured in solution in 
the usual way is not independent of the non-polar solvent used, even although the polarisa- 
tion measurements are in each case extrapolated to infinite dilution, but that as the dielectric 
constant of the solvent decreases the apparent moment of the solute increases. 

One must distinguish between an actual change in effective moment when the gaseous 
molecule passes into solution, caused by electronic shifts or changes in valency angles, and 
a change in apparent moment due to the method of measurement. It is the latter with 
which we are concerned in the present paper. 

A few attempts have been made to correlate measurements of polarisation in solution 
with the polarisation in the gaseous state, where this is known, with the object of utilising 
the former to obtain the true moment of the solute molecules. For instance, Jenkins (this 
vol., p. 480) finds that the total polarisation of the solute at infinite dilution obtained in the 
usual way, at one temperature, gives a straight line when plotted against the reciprocal of 
the dielectric constant of the solvent, but that extrapolation of this line to « = 1, gives an 
improbably high value of the moment in question. Miiller (loc. cit.) has plotted the 
observed moment against the dielectric constant of the solvent and obtains a series of curved 
lines, the curyature of which increases with the dipole moment of the solute and which 
flatten out as the dielectric constant of the solvent decreases, the difference between the 
gas value and that in hexane often being very small. Miiller finds that the polarisation of 
a number of substances in solution relative to the value in the gaseous state can be expressed 
by the empirical formula 

(P — R)sotvent/(P — R)gas = 1 — const. (e — 1)?, 
in which P and R are respectively the total molar polarisation and the refractivity of the 
substance, and the constant is equal to 0-075 + 0-005. 





ete oo, 6.%% @ ow idm 


The Determination of Dipole Moments in Solution. 1847 


Goss (this vol., p. 696) has made use of a theoretical treatment of Raman and Krishnan 
(Proc. Roy. Soc., 1928, A, 117, 589), who have calculated the effect of the optical and 
dielectric anisotropy on the observed polarisations. This work will be referred to later. 

Sugden (Nature, 1934, 133, 415) has shown that if measured values of the molecular 
polarisabilities, P,, of a solute are plotted against the corresponding values of the volume 
polarisability, (ec — 1)/(e + 2), for solutions of benzonitrile, nitrobenzene, and chloro- 
benzene in a number of non-polar solvents, the points for each substance all lie near a 
straight line, the slope of which is approximately equal to P,, that portion of the total 
polarisation which is due to the permanent dipoles. He suggests the formula 

digas = * + (gasP2 — Pyle — 1)/(e + 2), 
where « isa constant. From this it follows that, if measurements were made at different 
temperatures in the case of a solute whose moment was independent of the temperature, 
the lines obtained by plotting Py, 
against (ec — 1)/(e + 2) should converge 5” 
to a common point, 
Pyig.=*+P, + Pat (¢ —1)/(e +2) =1, 
that is, if the lines are extrapolated to 
e= ©. 

Such measurements have now been 
made, in decane (dissoamyl) in order 
to obtain low values of (« — 1)/(e + 2) 
over a wide temperature range, and 
in p-xylene. The results are given in 
Table I (polarisations being given in 
c.c.) and plotted in the fig: W, is 
the weight fraction of the nitrobenzene, 
eis the dielectric constant of the solu- 
tion, d its density, and P, the molar 
polarisation of the solute. The polaris- 
ations were calculated by the simplified 
method which does not involve the 
use of mol.-fractions (Sugden, Trans. 
Faraday Soc., 1934, 33, 720). The 
values of « for pure nitrobenzene are 
taken from the International Critical 
Tables; the corresponding densities 0 
were measured in the usual way as 00 02 
described below. 
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EXPERIMENTAL. 


The dielectric constants were measured at approximately 10° cycles per sec. by the resonance 
method previously described (Fairbrother, J., 1932, 43; Proc. Roy. Soc., 1933, A, 142, 173). 
Two three-plate platinum condensers were used. The first, used to measure the solvents, the 
solutions in decane, and the first three solutions in p-xylene, was as previously described and 
was of about 215 myF capacity when filled with dry air. The remaining five solutions in 
p-xylene were measured in a condenser of similar construction and of approximately the same 
dimensions, except that the plates were 2-5 cm. long. This second condenser when filled with 
dry air was of about 82 myF capacity, and as the dimensions of the lead-in wires and the positions 
of the condensers in the oil-bath were almost the same, no effective change in the inductance of 
the leads was brought about by changing from one condenser to the other. The capacity of this 
condenser, and the range over which the standard condenser with its leads had been calibrated, 
set an upper limit to the dielectric constants, and therefore to the concentrations of nitrobenzene, 
which could be measured. 

The densities were measured in a quartz pyknometer of the Sprengel type, having a very 
fine-bore tip bent downwards and fitted, by means of a split cork, with a small removable glass 
cup to catch the liquid driven out on expansion. This cup was removed before the adjustment 











Fairbrother : 


TABLE I. 


Decane. p-Xylene. Decane. p-Xylene. 
t. €. d P. €. d. P. t. €. d. P. €. d. . 


20° 1:983 0°7235 48°48 2-268 0°8610 36°61 80° 1:901 0°6765 48°52 2°165 0°8081 36-73 
40 1°956 0°7082 48°49 2°234 0°8437 36°65 100 1°873 0°6601 48°52 2-131 0°7902 36°76 
60 1:928 0°6925 48°48 2-200 0°8260 36-70 120 1°846 0°6435 48°57 2-097 0°7724 36°78 


Nitrobenzene in decane. 
W, = 0°01885. W, = 0°03767. W, = 0°01885. W, = 0°03767. 
a, €. d. Pe €. d. Py. é. €. d. ri‘ €. d, > 


20° 2°189 0°7289 357°4 2°403 0°7344 345-2 80° 2°058 0°6818 309°7 2°220 0°6872 301:1 
40 27145 0°7134 342°4 2-338 0°7188 329-2 100 2-017 0°6654 296°7 2°165 0°6706 289-0 
60 2°098 0°6978 321°5 2-277 0°7033 314°2 120 1:978 0°6486 285°6 2-114 0°6538 278-5 


Nitrobenzene in p-xylene. 
W, = 0°02066. W, = 0°04672. W, = 0°07170. W, = 0°09351. 
20° 2-562 0°8664 340°1 2-941 0°8732 318°6 20° 3°330 0°8794 303°5 3°674 0°8854 288-8 
40 2°500 0°8489 323°5 2-846 0°8557 305-4 40 3°192 0°8622 290°2 3-509 0°8679 278°6 
60 2-441 0°8314 306°4 2-757 0°8381 292-3 60 3°072 0°8446 279°1 3°359 0°8503 268-7 
80 2°386 0°8134 2945 2-674 0°8200 281-5 80 2-964 0°8266 270°0 3:223 0°8322 260-2 
100 2°334 0°7950 284-4 2-598 0°8018 271°8 100 2°861 0°-8080 261°1 3:099 0°8139 252-3 
120 2°283 0°7764 275°0 2-524 0°7829 262-9 120 2-766 0°7893 253°5 2-984 0°7952 245-2 


W, = 0°1142. W, = 0°1668. W, = 0°2245. W, = 02781. 


20 3°988 0°8905 2746 4-932 0°9055 250°0 20 6°066 0°9217 226°8 7:205 0°9374 208-0 
40 3°794 0°8729 265°9 4657 0°8878 244-2 40 5-668 0°9039 222°3 6°693 0°9194 204-9 
60 3°615 0°8553 256°7 4-403 0°8701 238-0 60 5319 0°8862 218°0 6:244 0°9017 201°7 
80 3°457 0°8373 249°1 4:174 0°8523 232°3 80 5°004 0°8682 213°8 5°847 0°8835 198°8 
100 3°312 0°8187 242°2 3-967 0°8337 227-0 100 4°723 0°8497 209°9 5°487 0°8650 195-9 
120 3°181 0°8002 236-1 3°778 0°8149 221°1 120 4:473 0°8309 206°5 5:162 0°8460 193-2 


Nitrobenzene (liquid). 
t. €. d. Fy $. €. da, P3. 
20° 36°1 1°2035 94:2 120° 21°9 1-1042 97°5 


of the meniscus at each temperature. Dielectric constants and densities were measured, in the 
same oil-bath, at temperatures very close to the round figures given (mostly within a few tenths 
of a degree) and constant to + 0-05°. The measured values were then plotted against the 
temperatures on a large scale and corrected where necessary to even 20° intervals, in the first 
place arithmetically, using the mean temperature coefficient at the points in question, and 
checked graphically. The values therefore have the significance of actual measurements rather 
than interpolations on a smoothed curve. 

The solutions were made up individually by weight in small stoppered flasks of about 100 c.c. 
capacity. 

Purification of Liquids.—Nitrobenzene. Starting with a fairly pure product, this was 
repeatedly fractionated and dried over pure phosphoric oxide, from which it was removed by 
distillation under reduced pressure. It froze at a constant temperature of 5°75°; d?° 1-1985. 

Diisoamyl. A commercial product labelled “‘ pure” was shaken twice with “ 100% ” 
sulphuric acid, washed, dried with phosphoric oxide which it did not then colour on standing, and 
fractionally distilled; b. p. 159-6—160-4°/767 mm. 

p-Xylene. A pure commercial product was fractionated, dried over phosphoric oxide, and 
distilled; b. p. 138-5—138-8°/776 mm.; f. p. 12-9°. 

A preliminary graphical estimate of the slopes of the P,-(¢ — 1)/(¢e + 2) lines, which were 
drawn to converge at a common point of 80c.c. at (« — 1)/(« + 2) = 1, gaveanaverage moment 
of u = 4-25 (in Debye units; 10-'* e.s.u.), the individual moments varying from 4-30 to 4-19 
(Nature, 1934, 134, 458). In this, rather more weight was attached to the measurements in the 
more concentrated solutions, in which the uncertainty in P, caused by errors in the measurement 
of the dielectric constant is much less, and which lie very close to straight lines. 

Calculation of the equations to the lines by the method of least squares gives the results in 
Table II, leading to an average value of p = 4-24, as calculated from the expression 
u = 0-01273\/P,,T. The slopes of the lines are very nearly inversely proportional to the absolute 
temperatures. 




















The Determination of Dipole Moments in Solution. 


TABLE II. 
P, = A — Pyle — 1)/(e + 2). 
z. A, Pu. A— Pu. HB. a A. Pu. A-— Pu. Hb. 
20° 469°0 386-4 82°6 4°28 80° 392-0 311-7 80°3 4:2 
40 442-0 361-1 80°9 4°28 100 372°4 293-2 79°2 4°21 
60 412°5 329°5 83-0 4°22 120 355-9 279°4 76°5 - 4:22 
Average 80°4 . 4:24 


The average value, 4-24, is very close to the value (4:23D) obtained by Groves and Sugden 
(this vol., p. 1094) from measurements with nitrobenzene vapour. It may be observed that the 
variation in the intercept at (« — 1)/(e + 2) = 1, which is equal to A — P,, is small. With 
the present experimental accuracy one cannot say whether this variation is real, or due to 
experimentalerror. The lines do not pass through the points corresponding to the polarisations 
of the pure liquid, which for 20° and 120° are marked by crosses in the fig. The slight divergence 
from linearity at the upper ends of the lines suggests that the equations to the lines may contain 
some small additional term. Moreover, the temperature variation of the intercepts of P, at 
(¢ — 1)/(e + 2) = 0, yields an improbably high value for the dipole moment, which theoretically 
should not be the case if the simple linear formula given held strictly. 


According to the theory of Raman and Krishnan (loc. cit.), the relation between the 

polarisation and dielectric constant in the liquid state may be written 

e—l 42 /a,+a,+4,, —( 1 ) 

spa a(t ger) t ("+ ar 
in which v is the number of particles per unit volume, @,, a, a3, are the moments induced 
in the molecule along three axes by unit electric field, Y and © involve the effect of the 
anisotropy of the liquid on the optical and dielectric polarisations respectively, and the 
other symbols have their usual significance. It will be seen that the first term on the right- 
hand side of this equation is identical with Debye’s expression, whilst the second term 
vanishes at (« — 1)/(e + 2) = 0. 

Goss (loc. cit.) has assumed that this equation applies also to solutions, and has calcu- 
lated the moments of methyl chloride and chloroform by plotting P, against (¢ — 1)/(e + 2) 
for the pure liquid and for the solute at infinite dilution in hexane or carbon disulphide at 
three temperatures, joining the points and applying the Debye equation, 7P = P,,, + 
By?/T, to the intercepts at (e — 1)/(e + 2) =0. For methyl chloride, a good agreement 
with the observed gas value is obtained, but for chloroform, a much higher moment is 
found, which Goss ascribes to a change in the valency angles in the direction of a closer 
approach of the chlorine atoms in the liquid state. This procedure implies that the 
intercept of P, at (e — 1)/(e + 2) = 0 gives, at different temperatures, either the actual 
gas value at each temperature or one which bears a constant difference from the latter. 
This does not appear to be the case with nitrobenzene, unless one makes the ad hoc assump- 
tion that the moment of nitrobenzene is actually greater in the liquid state, for which there 
is at present no evidence. 

The average value of the dipole moment of nitrobenzene obtained in the present work, 
u = 4:24, is about 7—8% greater than the commonly accepted values for this property in 
benzene solution. This also agrees with Miiller’s formula (see above), according to which 
all dipole-moment measurements in benzene at 25° must be multiplied by 1-067 (= 0°005) 
to bring them to the gas values. 

These results, therefore, suggest a method of obtaining, to a fair approximation, the 
true dipole moment of a substance from measurements in solution. The method at present 
is empirical, and the extent of its applicability can only be tested when more data are 
available. It is not to be expected, however, that solutes which are highly associated, such 
as alcohols and carboxylic acids, will show a linear relationship between the solute and 
volume polarisations at ordinary temperatures. 





Thanks are due to Messrs. Imperial Chemical Industries, Ltd., for a grant. 
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408. The Action of Grignard Reagents on Desyl Chloride.* Part I. 
Aryl Grignard Reagents. 


By RoBERT ROGER and ALEXANDER MCGREGOR. 


McKENZIE, ROGER, and McKay (J., 1932, 2603) described the synthesis of p-tolyldeoxy- 
benzoin by the action of p-tolylmagnesium bromide on desyl chloride. The action of other 
Grignard reagents on desyl chloride has now been performed to see if this offered a general 
method for the preparation of aryl-substituted deoxybenzoins which are not easily 
synthesised by the method of Meyer and Oelkers (Ber., 1888, 21, 1291) available for the 
alkyldeoxybenzoins. 

The action of m-tolylmagnesium bromide gave the corresponding tolyldeoxybenzoin. 
Phenylmagnesium bromide also gave phenyldeoxybenzoin, but this was accompanied by a 
large amount of 1: 1 : 2: 2-tetraphenylethanol. o-Tolylmagnesium bromide gave a solid, 
m. p. 185°, which seemed to be a diethylene oxide derivative, and also a large amount of 
oil, from which a solid ketone could not be separated. 

Desyl chloride offers two points of attack to a Grignard reagent, namely, the chlorine 
atom and the ketonic group. The simplest explanation that can be given is that the chlorine 
atom is first replaced by the radical from the Grignard reagent, giving the ketone (cf. 
Godchot and Bedos, Bull. Soc. chim., 1926, 39, 96; Perlin-Borrel, ibid., 1932, 51, 994), 
which may sometimes react further with more reagent to give a carbinol, thus : 


PhMgBr PhMgBr 
Ph-CHCl-COPh ———-~> Ph,CH-COPh ———-> Ph,CH-CPh,°OH 


On the other hand the ketonic group might be first attacked and the halogenohydrin, 
Ph*CHCl-CPh,°OH produced (cf. Tiffeneau, Compt. rend., 1902, 134, 774). Tiffeneau and 
Tchoubar (ibid., 1934, 198, 941) have shown that such compounds can be isolated by the 
regulation of the Grignard reaction and that the magnesium derivatives of these halogeno- 
hydrins on heating decompose with loss of a molecule of magnesium halide and ketones 
are formed. The ketone formation may be the result of a radical migration. In the 
action of phenylmagnesium bromide on desyl chloride the intermediate compound 
Ph-CHCl-CPh,-OMgBr would be formed and on loss of a molecule of magnesium chloro- 
bromide give phenyldeoxybenzoin as a result of the migration of a phenyl radical : 


—— 
Ph-CHCI-CPh,OMgBr —> MgCIBr + SC—C<hP > PhyCH-COPh 
-O 


In this case, however, the three radicals are identical. In the action of - or m-tolyl- 
magnesium bromide on desyl chloride, the intermediate phase would be of the type 


cH <H Now, McKenzie, Mills, and Myles (Ber., 1930, 68, 904) used this identical 


phase to depict the deamination of 8-amino-«f-diphenyl-«-p-tolylethyl alcohol and showed 
that the phenyl group migrates in preference to the tolyl group, f-tolyl diphenylmethy]l 
ketone being formed and not #-tolyldeoxybenzoin as we have described in the desyl 
chloride action (cf. also McKenzie, Roger, and McKay, loc. cit.; Roger and McKay, J., 
1933, 332; Lévy, Gallais, and Abragam, Bull. Soc. chim., 1928, 43, 868). 

Other mechanisms must, however, be considered. McKenzie and Boyle (J., 1921, 
119, 1132) isolated phenyldeoxybenzoin by the action of phenylmagnesium bromide on 
diphenylchloroacetyl chloride, picturing diphenylketen as the intermediate phase, and on 
this basis the action of p-tolylmagnesium bromide on desyl chloride should take place 
thus: desyl chloride —» Ph,C:CO — > Ph,C:C(OH)-C,H, —>» Ph,CH-CO-C,H,. 


* Richard (Compt. rend., 1934, 198, 1242) has described the action of phenylmagnesium bromide 
on desyl chloride. He only isolated 1: 1: 2: 2-tetraphenylethanol and apparently is not aware that 
the action of p-tolylmagnesium bromide on desyl chloride has been recorded by McKenzie, Roger, and 
McKay (loc. cit.). 
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p-Tolyl diphenylmethyl ketone ought to be formed, whereas -tolyldeoxybenzoin was 
actually found. 

Whilst the intermediate formation of diphenylketen seems, therefore, to be not feasible, 
Madelung and Oberwegner (Annalen, 1931, 490, 224) have described the preparation of the 
isomeric diphenyloxen, PaC—-Ph from desyl chloride. Now, this compound offers itself 

O 
at once as an intermediate phase in the reactions we are considering: desyl chloride —> 
C,;H,"MgBr 
Ph-C——C'Ph a C,H,-CPh:CPh-OH —> C,H,-CHPh-COPh 
O 


Unfortunately, we have not managed to isolate diphenyloxen in order to test this thesis 
experimentally. We have carried out repeatedly the two principal methods advocated by 
Madelung and Oberwegner, and modifications thereof, for the preparation of diphenyloxen, 
and in no instance have we obtained any of this compound. By one method we isolated 
small amounts of a compound, m. p. 48—49°, agreeing fairly closely with their description 
of diphenyloxen. Analysis of this compound, however, invariably gave values for carbon 
which were about 10% low. This compound, m. p. 48—49°, gave with p-tolylmagnesium 
bromide a solid, m. p. 142—143°, which was neither p-tolyldeoxybenzoin nor the isomeric 
ketone. Richard (Compt. rend., 1933, 196, 1432) also has been unable to obtain diphenyl- 
oxen from desyl chloride. 

We found little evidence of coupling of desyl chloride molecules in any of these Grignard 
reactions along the lines indicated by McKenzie, Drew, and Martin (J., 1915, 107, 26), who 
found that phenylchloroacetic acid and phenylmagnesium bromide gave derivatives of 
diphenylsuccinic acid. The substitution of the -COPh group for the -CO,H group evidently 
inhibits this type of action. In the action of o- and m-tolylmagnesium bromides on desyl 
chloride, however, we did obtain a solid, m. p. 185°, which was probably a derivative of 
dioxan (see experimental section). We also effected the coupling of desyl chloride molecules 
by the action of silver hydroxide in ethylene glycol solution, bidesyl being formed. 


EXPERIMENTAL. 


(a) Desyl Chloride and Phenylmagnesium Bromide.—(1) Addition of desyl chloride to phenyl- 
magnesium bromide. Desyl chloride (20g.; 1 mol.) in dry ether was added to phenylmagnesium 
bromide (from bromobenzene, 34 g.; 14 mols.). The mixture became dark green and finally 
dark yellow. After boiling for 2 hours, the solution was decomposed with ice and dilute sulphuric 
acid. The white solid obtained had m. p. 230-5° (3-5 g.) after recrystallisation from chloroform— 
alcohol (Found: C, 89-0; H, 6-4. Calc.: C, 89-1; H, 6.4%) and was identical with the 
1: 1:2: 2-tetraphenylethanol described by McKenzie and Boyle (loc. cit.). Wegler (Ber., 
1934, 67, 35) records m. p. 236° and discusses the existence of two forms of this compound. 

From the ethereal layer a mixture of oil and solid was obtained; the oil was dissolved in 
a small amount of ether. The undissolved solid (1-5 g.) proved to be more 1: 1: 2: 2-tetra- 
phenylethanol. From the ethereal washings a solid (2 g.), m. p. 120—130°, was obtained, 
m. p. 136—137° alone (after several recrystallisations from alcohol), or mixed with phenyl- 
deoxybenzoin. It gave an emerald-green coloration with concentrated sulphuric acid. 

(2) Addition of phenylmagnesium bromide to desyl chloride. This reaction gave the same two 
compounds as in (1). Their separation was much more difficult, however, and the yields were 
much smaller. The 1:1: 2: 2-tetraphenylethanol was submitted to scission with alcoholic 
potash and the only disruption product obtained was benzhydrol, m. p. 67—68°. 

(b) Desyl Chloride and m-Tolylmagnesium Bromide.—(1) Addition of m-tolylmagnesium 
bromide to desyl chloride. m-Tolylmagnesium bromide (from m-bromotoluene, 30 g.; 2 mols.) 
was added to an ethereal solution of desyl chloride (20 g.; 1 mol.) and a vigorous action ensued. 
A white precipitate formed, but disappeared. After boiling for 5 hours, the mixture was decom- 
posed with ice and ammonium chloride. A solid (A) which separated between the layers was 
removed and the ethereal portion of the filtrate was separated. The oil left after evaporation 
of the ether was distilled in a high vacuum, two fractions being obtained : (1) b. p. 100—200°, 
(2) 205—208°. The second fraction was dissolved in light petroleum, and a solid (2 g.), m. p. 
80—82°, isolated. After several recrystallisations from light petroleum colourless prisms were 
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obtained, m. p. 82-5—83-5°, identical with the m-tolyldeoxybenzoin obtained by the dehydration 
of m-tolylhydrobenzoin («-form) (Roger and McKay, /oc. cit.). 

The solid (A) (0-25 g.), recrystallised several times from chloroform—alcohol, separated in 
fine needles, m. p. 185° (Found: C, 82-4; H, 58%). It gave a light green—dark green 
coloration with concentrated sulphuric acid (see action of o-tolylmagnesium bromide on desyl 
chloride). 

(c) Desyl Chloride and 0-Tolylmagnesium Bromide.—(1) Addition of the Grignard reagent to 
desyl chloride. o-Tolylmagnesium bromide (from o-bromotoluene, 40 g.; 2 mols.) was added to 
an ethereal solution of desyl chloride (25 g.; 1 mol.); a vigorous action ensued and eventually 
a dark green solid was deposited. The mixture was boiled for 7 hours and decomposed with ice 
and dilute sulphuric acid. The solid then obtained was recrystallised from chloroform—alcohol, 
separating as fine needles, m. p. 185°, identical with the compound (A) above (Found : C, 82-4; 
H, 5-8. C,,H,,O, requires C, 82-7; H, 5-5%). When heated in a vacuum at 130°, it suddenly 
decomposed into a yellow oil, which set to a cheese-like mass (m. p. 45—75°) and after recrys- 
tallisation from light petroleum gave benzil (m. p. 93—94°) and a solid, m. p. (after several 
further recrystallisations from light petroleum) 55—56° (alone or mixed with deoxybenzoin). 

The ethereal layer from the Grignard reaction yielded a dark brown oil, which was distilled 
ina high vacuum. A first fraction, b. p. up to 120°, gave a.small amount of solid, m. p. 119— 
120°. <A second fraction, b. p. 120—240°, was redistilled : fraction (a), b. p. 120—200°, gave 
a small amount of benzil. Fraction (b), b. p. 200—220°, was a viscous yellow oil, which was 
redistilled, giving a fraction, b. p. 210—217°. This (2 g.), submitted to scission with alcoholic 
potash, gave 0-2 g. of benzoic acid and a neutral liquid, b. p. 156—160°/20 mm. (Found: C, 91-8; 
H, 7-4%), and therefore would seem to consist partly of o-tolyldeoxybenzoin. 

Several fractions of this kind were collected and treated with more o-tolylmagnesium 
bromide; a small amount of o-toluoyldiphenylcarbinol (Roger and McGregor, this vol., p. 442), 
m. p. 115—116°, was obtained. 

(2) Addition of desyl chloride to the Grignard reagent. Several experiments were carried out 
and in each case an oil was obtained which gave no identifiable product. 

Experiments on the Preparation of Diphenyloxen.—Two experiments, on the preparation of 
diphenyloxen from desyl chloride by the action of solid potassium hydroxide, were replicas of 
Madelung and Oberwegner’s experiments as far as possible. In neither case was a trace of 
diphenyloxen obtained. The only products were benzilic acid and deoxybenzoin, the latter as 
colourless, thick, striated plates, m. p. 55—56° (m. p.’s were obtained between 53° and 56°) 
(Found : C, 85-8; H, 6-3. Calc. fordeoxybenzoin : C, 85-7; H,6-1%. Calc. fordiphenyloxen : 
C, 86-6; H, 5-2%). The action of semicarbazide on it gave clusters of fine colourless needles, 
m. p. 146—147° alone or mixed with the authentic semicarbazone (Rupe and Oestreicher, 
Ber., 1912, 45, 35). The action of p-tolylmagnesium bromide gave phenyl-p-tolylbenzylcarbinol, 
m. p. 89-5—90-5° (Found: C, 87-2; H, 7-3. C,,H,» 0 requires C, 87-4; H, 6-9%), identical 
with the compound obtained by the action of p-tolylmagnesium bromide on authentic deoxy- 
benzoin. Inthe mother-liquors of crystallisation of the solid, m. p. 55—56°, no trace of diphenyl- 
oxen could be found. 

Other attempts to prepare diphenyloxen. (1) Distillation of desyl chloride with calcium 
carbonate gave no definite result. 

(2) A mixture of desyl chloride (5 g.), ethylene glycol (50 c.c.), and moist silver oxide (10 g.) 
was heated on a water-bath for 3 hours and then boiled for 2 hours. A yellow solid which 
separated was recrystallised from benzene, m. p. 254—255° (bidesyl has m. p. 254—255°). 
From the ethylene glycol solution a small amount of benzoin was obtained, m. p. and mixed 
m. p. 132—133° after several recrystallisations from light petroleum. 

(3) (Compare Madelung and Oberwegner, Joc. cit.). a-Methoxy-«$-diphenyloxan (20 g.), 
freshly prepared, was distilled from a metal bath in a current of carbon dioxide at atmospheric 
pressure. A little methyl alcohol, b. p. 63°, was collected. The main fraction, b. p. 310—315°, 
was a yellow oil which, on cooling, deposited crystals of benzil, m. p. (after recrystallisation 
from light petroleum) and mixed m. p. 93—94°. The residual oil was steam-distilled from 
concentrated alkali, and the oil, b. p. 178—181°/13 mm., in the distillate was dissolved in light 
petroleum and kept in ice for several weeks; the colourless hard crystals obtained had m. p. 
48—49° after several recrystallisations from light petroleum (Found: C, 75-7; H, 6-4. Calc. 
for diphenyloxen, C,,H,,O : C, 86-6; H, 5-2%), gave no coloration in the cold with concentrated 
sulphuric acid but a yellow colour on gentle warming, and markedly depressed the m. p. of 
deoxybenzoin. A large amount of oil was left after removal of the compound, m. p. 48—49°. 

The action of p-tolylmagnesium bromide on the compound, m. p. 48—49°, and on the residual 





SS See — so KO AD OOM 


Vernon: Basic Copper Carbonate and Green Patina. 1853 


oil, gave a solid, m. p. 139—141°, and 142—143° after several recrystallisations from light 
petroleum (Found : C, 81-8; H, 6-85%). A trace of this product gave a yellow coloration 
with concentrated sulphuric acid. 

If the compound, m. p. 48—49°, were diphenyloxen, it ought to have given p-tolyldeoxy- 
benzoin with p-tolylmagnesium bromide, and 1 : 2-diphenyl-1 : 2-di-p-tolylethanol by further 
reaction. 

p-Tolyldeoxybenzoin (3 g.) was boiled with p-tolylmagnesium bromide for 8 hours. An 
oil was obtained from the ethereal layer which yielded a solid (0-5 g.), m. p. 191—194°. 1: 2- 
Diphenyl-1 : 2-di-p-tolylethanol crystallised from light petroleum in rectangular prisms, m. p. 
195—196° (Found: C, 88-6; H, 7-3. C,,H,,O requires C, 88-8; H, 6-9%). A trace of this 
compound gave a yellow coloration with concentrated sulphuric acid. 
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409. Basic Copper Carbonate and Green Patina. 
By W. H. J. VERNON. 


It is commonly stated in text-books that the green patina on copper after prolonged 
exposure to air consists of basic copper carbonate, and that a similar coating may be 
produced artificially by exposure of copper to a moist atmosphere containing carbon 
dioxide. The first part of this statement has already been shown, for conditions in this 
country (Vernon and Whitby, J. Inst. Metals, 1929, 42, 181; 1930, 44, 389) and in the 
United States (Freeman and Kirby, Metals and Alloys, 1932, 3, 190), to be incorrect : the 
usual main constituent is basic copper sulphate—after long exposure CuSO,,3Cu(OH), 
(cf. mineral brochantite). Near the sea, basic copper chloride [ultimately CuCl,,3Cu(OH),, 
atacamite] enters to an extent depending largely on prevailing winds (Vernon, J. Inst. 
Metals, 1933, 52, 93). Basic copper carbonate [malachite, CuCO,,Cu(OH),] is always in 
minor proportion; it is maximal in town (e.g., 21% and 24% in typical London samples) 
and minimal in rural patina (consistently less than 3% in samples examined). 

In the light of these results it seemed of interest to inquire into the origin of the fore- 
going statement, to ascertain by experiment whether a patina of basic carbonate can be 
produced by the action of carbon dioxide on copper in presence of air and moisture, and to 
elucidate the mechanism whereby basic carbonate enters into the composition of open-air 
patina. 

Historical.—Clearly the idea that the green (aerial) patina consists of basic copper 
carbonate could not have arisen until the presence of carbon dioxide in the atmosphere had 
been recognised, 7.¢., by Black in 1755. One of the earliest text-books in the modern sense, 
Baumé’s ‘‘ Chymie expérimentale et raisonée,”’ 1773 (Vol. 2, p. 633; cf. English translation, 
Baumé’s “‘ Manual of Chemistry,”’ 1778, p. 137) states that: “‘ Cuivre, exposé a lair, 
pousse a sa surface une efflorescence verte que l’on nomme verd-de-gris; mais il pourroit 
bien se faire que la prétendue influence de l’air sur ce métal ne fit pas plus averée, que celle 
qu’ on lui attribue sur le fer. La rouille de l’un et le verd-de-gris de l’autre paroissent 
également étre le résultat de l’eau dont I’air est chargé.” 

Primary importance is here attached to the presence of water. Within a comparatively 
short space of time, however, the newer ideas were extended to explain, among other 
metallic “‘ rusts,” the green deposit on copper. This is shown by the following extracts 
from “‘ Elémens d’histoire naturelle et chimie,” by Fourcroy. [Actually they are taken 
from the fourth edition, 1791; but most of the matter occurs in earlier editions, and in 
particular the concluding passage (C’est . . . carbonique), the most vital from the present 
point of view, is in the second edition, 1786 (English translation, 1788, Vol. 3, p. 307).] 
“Les substances métalliques s’altérent a l’air; leur surface se ternit, quelques-unes se 
couvrent de rouille. Les chimistes ont regardé la rouille comme un oxide métallique. 
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Nous aurons occasion . . . de faire voir que l’eau en vapeurs oxide plusieurs substances 
métalliques, et que l’acide carbonique contenu dans l’atmosphere s’y unit aprés leur 
calcination . . .” (Tome II, pp. 405—406). 

‘“L’air attaque le cuivre d’autant plus facilement, que ce fluide est plus chargé 
d’humidité et plus altéré; il le convertit en une rouille ou oxide vert qui paroit avoir 
quelques qualités salines, car il a de la saveur, et il est attaqué par l’eau ; * c’est pour cela 
que les anciens chimistes admettoient un sel dans la cuivre. Cette rouille a cela de remarqu- 
able, qu’elle n’attaque jamais que la surface du cuivre, et qu’elle semble méme servir a la 
conservation de l’intérieur des masses de ce métal ; comme on peut en juger par les médailles 
et par les statues antiques, qui se conservent trés bien sous l’enduit de rouille qui les couvre. 
Les antiquaires appellent cette crotite patine, et ils en font beaucoup de cas, parce qu’elle 
atteste la vétusté des piéces qui en sont recouvertes . . .” 

“ L’oxidation du cuivre par l’air humide paroit étre due a !’eau trés divisée . . . il 
semble que ce métal soit plutét oxidé par l’eau froide, car on sait qu’il est plus dangereux 
de laisser refroider des liqueurs dans les vaisseaux de cuivre, que de les y faire bouiller, 
parce que tant que la liqueur est bouillante et le vase chaud, la vapeur aqueuse ne s’attache 
point 4 sa surface; mais lorsque le vase est froid, les goutellettes d’eau qui adhérent a ses 
parois, semblent le réduire en oxide vert. C’est a l’air et a l’acide carbonique qui y est 
répandu, qu’il faut attribuer cette oxidation; car en distillant cette rouille de cuivre a 
l'appareil pneumato-chimique, j’en ai retiré de l’acide carbonique”’ (Tome III, pp. 
325—327). 

This last statement is of great importance as being probably the earliest of its kind, and 
apparently the only one to claim a direct experimental basis. Two points should be 
emphasised : (i) the confusion between green patina produced simply by exposure to air, 
and that produced by contact with aerated water, or by long-continued burial in soil 
(carrying water charged with carbon dioxide) ; (ii) that Fourcroy’s (qualitative) experiment 
had been carried out on a green deposit that had resulted definitely from contact of copper 
with water. 

The natural consequence of this confusion of ideas is well brought out in a passage in 
Thomson’s ‘‘ System of Chemistry ” (1802, Vol. I, p. 114) : ‘‘ Everyone must have remarked 
that when water is kept in a copper vessel, a green crust of verdegris, as it is called, is formed 
on that part of the vessel which is in contact with the surface of the water. When copper is 
exposed to the air its surface is gradually tarnished; it becomes brown, and is at last 
covered with a dark green crust. This crust consists of oxide of copper combined with 
carbonic acid gas.” 

The wording here strongly suggests a misinterpretation of Fourcroy’s experiment, 
particularly as an English translation of the fifth edition of Fourcroy’s book had appeared 
as recently as 1800. Another source which may also have influenced Thomson, however, 
is revealed in the following extract from the section on copper in Murray’s “ System of 
Chemistry ” (1806—1807, Vol. 3, p. 260): “‘ When exposed to humidity and to the action 
of air, its colour not only tarnishes, but it is soon covered with a green efflorescence or crust. 
This, according to Proust, is a carbonate of copper.” Incidentally, under no conditions 
of ordinary aerial exposure does copper ‘“‘ soon”’ become covered with green. Interest 
now attaches, however, to the linking of the usual statement with the name of Proust. 

In his ‘‘ Recherches sur le cuivre ”’ (Ann. Chim., 1799, 32, 26), Proust showed that the 
green basic salt (“‘ sel au minimum d’acide ’’), whether of carbonate, chloride, or sulphate, 
formed by precipitation with alkali from a solution of the neutral salt, is similar chemically 
to the corresponding natural mineral. He further recognised that precipitated copper 
hydroxide would absorb carbon dioxide from the air, and he prepared basic copper carbonate 
by passing carbon dioxide into a suspension of copper hydroxide in water. His paper 
concludes with the statement: ‘ Dans l’art, comme dans la nature, le cuivre ne s’oxide 


* This appears to refer to the presence of normal (soluble) copper salt in the early stages of exposure 
(see Vernon and Whitby, J. Inst. Metals, 1930, 44, 394)—probably the chloride in the case of ancient 
specimens, but certainly not carbonate, since normal carbonate does not exist and basic carbonate is 
almost insoluble in water. 
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jamais qu’a 26 sur %. Quant aux couleurs bleues et vertes, que l’on a crue appartenir 4 
différentes oxidations de ce métal, elles ne sont autre chose que le signe ordinaire d’une 
combinaison de l’oxide noir avec un corps connu ou inconnu.” 

In the light of these conclusions, and in view of the importance that would be attached 
to the recently discovered presence of carbon dioxide in the air, it is not surprising that the 
familiar green coating on copper after exposure to air should be attributed to the combin- 
ation of copper oxide with carbon dioxide; but no one appears to have submitted this 
deduction to experimental test. 

Following Murray (above), later text-books are unanimous in attributing the green 
patina to some form of carbonate of copper although the actual term “ basic carbonate ” 
is not yet employed [see, e.g., Thenard (1817), Berzelius (1826), Dumas (1831), Graham 
(1842)]. Graham (‘‘ Elements of Chemistry,” p. 579), referring to copper, says: ‘‘ In damp 
air it acquires a green coating of sub-carbonate of copper, and its oxidation is remarkably 
promoted by the presence of acids.” 

In Gmelin’s ‘““ Handbook of Chemistry ” (Watts’s translation, 1851, Vol. 5, p. 403) there 
occurs the following reference to the work of von Bonsdorff (1837): “‘ In contact with 
water and air containing carbonic acid, copper becomes tarnished, first with a blackish-grey, 
and then with a bluish-green colour : copper rust, also the so-called verdigris’’ (Bonsdorff, 
Pogg. Ann., 42, 337).” 

This statement closely follows the investigator’s own words and significantly there is no 
mention of the green aerial deposit consisting of basic carbonate. Curiously enough, after 
translating Gmelin’s account of Bonsdorff’s experimental work, Watts reverts to the older 
statement in his own “ Dictionary of Chemistry ’’ (1864, Vol. 2, p. 40): “‘ In damp air it 
acquires a green coating of basic carbonate, and its oxidation is remarkably promoted by 
the presence of acids.” This is simply a copy of Graham’s version, with “ basic car- 
bonate’”’ substituted for ‘“‘ sub-carbonate’’; from this time onwards, text-books use 
“basic carbonate ”’ consistently in describing the green patina on copper. 

In view of its importance, von Bonsdorff’s description of his experiment (Joc. cit.) is 
quoted verbatim: ‘‘ Diinnes Kupferblech, das zum Theil in Wasser tauchte, zum Theil 
aus dessen oberflache hervorragte, und unter einer Glocke ein mit Kohlensaure vermischten 
Luft ausgesetzt ward, erhielt nach Verlauf mehrerer Wochen einen schwarzgrauen Anlauf, 
und auch in geringerer Quantitat einen blaulichgriinen Beschlag.” Although this experi- 
ment cannot be regarded as justifying the traditional view, it was thought expedient to 
submit the matter to further investigation in order to determine under what conditions, if 
any, a patina of basic copper carbonate can be formed as the result of access of carbon 
dioxide, in solution or otherwise, to the metal. 


EXPERIMENTAL. 


Influence of Carbon Dioxide in Saturated Aiv and in Aqueous Solution.—Four specimens of 
electrolytic copper, each 5 x 5 X 0-05 cm., after a final polishing with Hubert No. 1 emery 
paper and cleaning with pure carbon tetrachloride, were suspended within a Hempel desiccator 
of 5300 c.c. capacity. Into the evacuated vessel, 53 c.c. of carbon dioxide (prepared from 
sodium carbonate and phosphoric acid, each of ‘‘ A.R.”’ purity) were admitted, and atmospheric 
pressure was restored by addition of purified air saturated with water vapour. Finally, by 
means of a tube sealed to the stop-cock, 200 c.c. of saturated solution of carbon dioxide were 
run into the annular space normally used for the desiccating agent. The atmosphere thus 
contained 1% of carbon dioxide, exclusive of that contributed from the solution. Theapparatus 
was kept in an air-thermostat at 25°; and at intervals of three months both atmosphere and 
solution were replaced. 

After nearly four years, the specimens had undergone little change beyond a slight general 
darkening. There was no green, but near the edges and around the suspension hole there was 
a trace of blue. The weight increments of three specimens (one had been removed earlier) 
were respectively, 1-5, 2-8, 3-2 mg., these erratic values corresponding with an irregular 
distribution of the blue “‘ flecks.” 

In another group of experiments two specimens were suspended half immersed in an initially- 
saturated solution of carbon dioxide (contained in a crystallising basin, 9 cm. diam.) within a 
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10-litre bell-jar, whilst two other specimens were suspended in the atmosphere above; this 
contained no further carbon dioxide beyond that contributed from the solution, which was 
replenished at intervals of 3 months, the apparatus meanwhile being exposed to the fluctu- 
ating temperature of the laboratory. An experiment in which one specimen in each pair 
had been previously heated in air so as to give a pale orange interference colour, showed no 
appreciable effect due to pre-oxidation. There was a profound difference due to environment, 
green appearing on the immersed portions of the lower specimens; this matter is more fully 
discussed below. Weight increments on removal after 8 months, for the initially bright and 
pre-oxidised specimens, were 47-5 and 54-2 mg. (lower pair) and 0-07 and 0-02 mg. (upper pair). 
In a parallel experiment in which a specimen of arsenical copper (0-45% As) was included in 
each (initially bright) pair, the partly-immersed specimens showed slight attack at the water- 
line in one day. After two months traces of green appeared on the immersed portions; and at 
3} years, when the specimens were removed, a green deposit (rather more developed on the 
arsenical specimen) extended from the water-line downwards and from the bottom edge upwards, 
leaving a narrow intermediate zone covered with a purplish-orange film which appeared to 
extend beneath the green. Weight increments, 54-4 and 168-0 mg. on electrolytic and on 
arsenical metal respectively, presented a greater difference than would have been expected from 
the appearance of the specimens. Analyses of the green deposit, after drying in a vacuum over 
concentrated sulphuric acid at room temperature for two days, gave the following results : 








Electrolytic. Arsenical. 
Cu. on,”. Cu. CO,”. 
RE, Me ccccccccncsevensnereccensesons 53°9 27°9 57-0 29°2 
BOSMRUIS 0.00cccccccccccccsscccsscccsccces CuCO,,0°82Cu(OH), CuCO,,0°84Cu(OH), 
Total basic carbonate found, % ... 94°8 100-2 


Thus, both on electrolytic and on arsenical copper, and in close agreement, the deposit is a 
carbonate only slightly less basic than malachite; identity with the mineral would probably be 
realised after a longer period of immersion. The figures for total basic carbonate (derived from 
determined values of Cu and CO,”) show that associated moisture is approximately 5% in the 
electrolytic and mi/ in the arsenical product. This is of interest in the light of previous work on 
basic sulphate corrosion product in which the presence of arsenic was found to reduce the 
hygroscopicity (Vernon, Trans. Faraday Soc., 1931, 27, 269). 

In striking contrast with the immersed specimens, the upper pair underwent very little 
change and gave no suggestion of green. Dark striations seen on the arsenical specimen within 
the first few days developed only slightly ; a closer examination on removal at 3} years showed 
that they consisted of isolated deep blue spots following the scratches left from the emery ; 
they were especially marked (nearly black) in the neighbourhood of the suspension hole. On 
the electrolytic specimen, with the exception of a dark band surrounding the suspension hole, 
there was practically no change. Weight increments were 3-17 and 0-69 mg. respectively. 

It was next sought to reverse the conditions of the previous experiment in respect to the 
initial distribution of carbon dioxide by employing distilled water in place of the saturated 
carbon dioxide solution, and an atmosphere containing carbon dioxide in place of the purified 
air; this arrangement reproduces approximately the conditions of von Bonsdorff’s experiment 
(see p. 1855). As before, a pair of specimens was suspended in the upper part of the bell-jar and 
another pair partially immersed in the water in the vessel; conductivity water was used. 
After two preliminary evacuations of the bell-jar, refilling with purified air, it was again evacu- 
ated, and 100 c.c. of pure carbon dioxide introduced ; purified air was finally admitted to bring 
the pressure to 1 atm., thus giving, initially, an atmosphere containing 1% of carbon dioxide. 
The experiment was continued for 6 months with the bell-jar on the.laboratory bench, screened 
as far as possible from direct sunlight. In spite of the more limited period, the experiment had 
proceeded sufficiently far to show that the reversal in the distribution of carbon dioxide had 
caused no great change in the disposition of corrosion; but the deposit on the immersed portions 
was not so good a green as obtained at a comparable stage of the previous experiment and it was 
more unevenly distributed. In some places it was bluish and in others a dark (olive) green, 
showing under the microscope a beautiful spheroidal structure. Neither specimen in the upper 
part had undergone any appreciable visible change beyond a few black dots and a slight incrust- 
ation near the suspension holes. Weight increments were as follows: lower pair (electrolytic 
and arsenical) 54-6 and 53-0 mg.; upper pair, 0-05 and 0-11 mg. 








The conclusion therefore is that, so long as conditions are restricted to the simple reactants, 
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actual immersion of the copper in the carbon dioxide solution is necessary for the development 
of green basic carbonate. 

Influence of Sulphur Dioxide on Formation of Basic Carbonate-——An experiment has been 
described (Vernon, Joc. cit., 272), in which copper was exposed to a moist atmosphere containing 
both sulphur dioxide and carbon dioxide with the latter in great excess. (The investigation was 
concerned primarily with the influence of sulphur dioxide, per se.) Any effect of carbon dioxide 
from the point of view of corrosion was found to be quite negligible compared with that of much 
lower concentrations of sulphur dioxide simultaneously present. The experiment has since been 
repeated with the object of ascertaining whether under such conditions any basic carbonate 
enters into the composition of the product, even though no carbonate is formed in the absence 
of sulphur dioxide. Four specimens of electrolytic copper were suspended in a Hempel desic- 
cator; the annular space contained a mixture of saturated solutions of carbon dioxide and 
sulphur dioxide in the ratio 400: 1; into the atmosphere, 1% of carbon dioxide was admitted 
so as to ensure ample excess. Bothatmosphere and solution were replenished every two days 
for the first eight days, and then once a week for a year, whereupon the specimens were removed. 
There was then a dark green undercoat with bright green patches; immediately next to the 
metal there was a red film, presumably cuprous oxide (a similar film is always found beneath 
natural patina of basic sulphate). The green deposit was dried in a vacuum, and then contained 
SO,”, 31-5; CO,’’, 0°76%. This amount of carbonate, although small, is significant as showing 
that under conditions favouring attack on the metal through other causes the joint presence. of 
carbon dioxide may lead to the presence of carbonate in the deposit. Presumably, it is hydro- 
lysis of the sulphate, the initial product of attack, that enables carbon dioxide to compete with 
sulphur dioxide, although much less actively, for combination with the hydroxide. 

Influence of Organic Acid Vapours.—The analyses of patina from copper structures after long 
exposure in a town atmosphere suggest that other indirect influences besides that of sulphur 
dioxide contribute to the presence of basic carbonate in the deposit. Thus, the patina from the 
copper roofs of Lancaster House (near St. James’s Palace) and British Museum, London, contain 
24-2 and 21-1% of basic carbonate—quantities that are difficult to account for on evidence so far 
adduced; rural samples are always very much lower in basic carbonate and correspondingly 
richer in basic sulphate. The suggestion arises that among the freshly-liberated products of 
combustion there may be constituents other than carbon dioxide or sulphur dioxide which, 
directly or indirectly, favour the formation of basic carbonate. A strong clue is provided by the 
presence of small amounts of combined carboxylic acids in open-air patina in almost direct 
proportion to the amount of basic carbonate jointly present (Vernon and Whitby, J. Inst. 
Metals, 1929, 42, 184, 187). Thus, the highest proportions were found in town samples, traces 
only in rural samples, and in the one example from which basic carbonate was completely absent, 
combined carboxylic acids were also absent. It was decided therefore to test the influence of 
organic acid vapours on the formation of basic carbonate. 

Four electrolytic copper specimens were suspended in a Hempel desiccator as before, the 
apparatus being kept on the laboratory bench. The atmosphere was prepared by the addition 
of 30% of carbon dioxide to saturated air; and 200 c.c. of an aqueous solution of the organic 
reagent under examination were run into the annular reservoir. Experiments with formaldehyde 
(included because of its presence in rain-water) and with phenol (as a representative of hydroxylic 
acids likely to be present in products of combustion) gave negative results; similarly with nitric 
and hydrochloric acids. The presence of formic acid (a 50% solution was used) caused appreci- 
able attack; after 14 months, blue crystals were removed, analysis of which showed the presence 
of basic formate (H-CO,’, 7-65%) and basic carbonate (CO,’’, 1-24%). 

The reaction in the presence of acetic acid vapour was much more vigorous; with a 50% 
solution of the acid in the vessel, a good green deposit was obtained in one day. Further 
experiments, using 0-5N- and 2-0N-acetic acid, were continued for 14 months; all specimens 
were then covered with a green patina, those from the 0-5N-acid being rather the poorer in 
appearance. Analyses gave the following results : 


O-5N. 2-0N. 
SE ee ee 57-7 41-15 
NR 10°8 45-7 
1 4 ERI 24-4 4-4 
CuCO, /Cu(OAc), .....c.scs0c0eee 50°2/16°6 = 3-0 9-0/70°3 = 0°13 


Basic acetate in the patina is thus associated with basic carbonate, the proportion of which 
is significantly greater in the atmosphere containing the lower concentration of aceticacid vapour, 
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where, assuming a proportional distribution of base (not shown above), basic carbonate pre- 
dominates over basic acetate by approximately three times. The view that small amounts of 
carboxylic acid can give rise to much greater amounts of basic carbonate is thus amply confirmed 
(cf. ‘‘ stack process ’’ for manufacture of basic lead carbonate). 

In order to decide whether acetic acid vapour alone is capable of producing basic carbonate, 
another experiment was conducted using 0-5N-acetic acid but omitting carbon dioxide. The 
experiment was continued for 12 months, with formation of a good green patina, which was 
found on analysis to contain no carbonate. The data for Cu and CH,°CO,’ were 33-62 and 22-0% 
respectively, corresponding with a basic acetate of the formula Cu(C,H,O,),,1-75Cu(OH),. 
Evidently, for the formation of basic carbonate, the joint presence of carboxylic acid and carbon 
dioxide is necessary. As in the case of sulphur dioxide, the effect is probably due to the hydro- 
lysis of the primarily formed normal copper salt; but it is very much more marked, so that the 
indirect effect, with formation of basic carbonate, now exceeds the direct effect with formation 
of the characteristic copper salt. 

Influence of Chlorides.—Relatively high proportions of basic carbonate sometimes occur in 
patina high in basic chloride, in purely marine atmospheres. A good example is that of the 
patina on the copper spire of St. Joseph’s Church, Guernsey, Channel Islands, where 16-5% of 
basic carbonate, CuCO,,0-7Cu(OH),, accompanies 55-0% of basic chloride, CuCl,,2-1Cu(OH),.* 
To investigate this, four specimens of electrolytic copper were sprayed twice daily for five days 
with fine sea-water spray, during which time they were exposed to the open-air; in this way a 
























































rather unevenly distributed green coating of basic copper chloride was obtained. They were ] 
then transferred to a Hempel desiccator (on laboratory bench) containing a saturated solution of I 
carbon dioxide; this was replenished daily for two weeks, and then every two months for a year, I 
the specimens then being removed. Analysis of patina gave the following results: Cu, 48-44; I 
CO,’’, 22-24; Cl’, 75%. Assuming excess of base to be distributed between carbonate and a 
chloride with a three-fold preference for the latter (cf. malachite and atacamite), this corresponds e 
to 60-8% basic carbonate and 27-1% basic chloride. Evidently chloride, as well as certain c 
organic salts and to a smaller extent sulphate, permits the formation of basic carbonate in the 1 
presence of atmospheric carbon dioxide; hence a ready explanation is forthcoming for the i 
relatively high proportion of basic carbonate in both marine and town examples of green patina. a 
SUMMARY AND CONCLUSIONS. 2 
The usual statement that the green “ aerial” patina on copper consists of basic copper 4 
carbonate has been traced to Fourcroy (1786). Failure to distinguish between the effects 
of purely atmospheric agencies and of immersion in water appears to have been originally w 
responsible; the misinterpretation by contemporary writers of the work of Proust (1799) 1! 
on the constitution of basic salts probably contributed to the perpetuation of the error in fir 
subsequent literature. Dp. 
Basic copper carbonate in open-air patina is always in minor proportion; it is maximal by 
in the town (sometimes also near the sea) and minimal in the country. Immersion of ad 
copper in an aqueous solution of carbon dioxide gives rise to green basic carbonate, but in ac 
air containing carbon dioxide and water vapour this substance is formed only in the presence 8 
of another reactant, e.g., traces of carboxylic acid vapours; chlorides and traces of sulphur th 
dioxide behave similarly but much less effectively. The mechanism probably consists in hy 
the formation initially of a normal copper salt which, by hydrolysis in the presence of th 
carbon dioxide, permits the formation of basic carbonate. loc 
Near the sea, chlorides are mainly responsible for secondary carbonate formation; pr 
sulphates, which contribute to the bulk of the patina under all inland conditions, are in pe 
this respect not so important as traces of combined carboxylic acids, the effects of which, on 
however, are restricted to the immediate neighbourhood of the town. Basic copper the 
carbonate is thus necessary either to basic copper chloride at the seaboard or to basic copper sul 
sulphate inland; but in the latter case it can ‘reach appreciable dimensions only in urban in 
districts. hy 


Patina derived from immersion of copper in water or burial in soil may contain a pre- 






* In the reply to the discussion on a previous paper (J. Imst. Metals, 1932, 49, 167) these values 
were incorrectly given as 24-9 and 48°9% respectively, the three-fold greater basicity of the chloride 
as compared with the carbonate having been inadvertently overlooked. 
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ponderance of basic carbonate. The so-called “ malignant patina,”’ which appears to be 
associated with excess of normal salt (usually chloride), falls outside the scope of the 
inquiry. 
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410. The Resinols. Part III. a- and B-Amyrone Oxides and 
their Derivatives. 


By F. S. Sprinc and T. VICKERSTAFF. 


In an attempt to confirm the constitution suggested for «- and B-amyrone oxide (this vol., 
p. 650) «- and 8-amyrone have been oxidised with perbenzoic acid; the two products, 
however, differ from the corresponding oxides obtained by chromic acid oxidation. The 
new perbenzoic acid oxides we designate as a- and $-amyrone oxide II, and the chromic 
anhydride products as «- and $-amyrone oxide I. Hitherto there has been little direct 
evidence that «-amyrin contains an ethenoid linkage apart from the fact that it gives a 
coloration with tetranitromethane, for Ruzicka, Silbermann, and Pieth (Helv. Chim. Acta, 
1932, 15, 482) found that «-amyrin was unaffected by perbenzoic acid. We also find that, 
in contradistinction to 6-amyrin acetate, a-amyrin acetate is not oxidised to an acetate 
oxide on treatment with hydrogen peroxide in acetic acid solution. The ease of formation 
of «-amyrone oxide II leaves little doubt that «-amyrone contains a double bond; the 
possibility of a wandering of the double bond of «-amyrin during its conversion into «- 
amyrone has not, however, been excluded. 

A 8-amyrone oxide which does not correspond to either 8-amyrone oxide I or II, and 
which we name $-amyrone oxide III, has been prepared by Rollett and Bratke (Monaitsh., 
1922, 43, 685) by the chromic acid oxidation of a B-amyrin oxide. The last oxide we now 
find to be identical with the B-amyrin oxide prepared by Spring (J., 1933, 1345) by com- 
parison of both the alcohol-oxides and the acetate-oxides prepared by the methods described 
by both of these authors. This B-amyrin oxide is formulated by Rollett and Bratke as 
C595H,,0, and is apparently regarded by them as a substitution product and not as an 
addition product. This view we consider to be most improbable, for on oxidation of 
8-amyrin acetate with perbenzoic acid we obtained 8-amyrin acetate oxide, identical with 
that of Rollett and Bratke and with that of Spring, and giving the same 6-amyrin oxide on 
hydrolysis. §-Amyrone oxide III appears to be closely related to the product formed by 
the action of perbenzoic acid upon $-amyrin itself (cf. Ruzicka, Silbermann, and Pieth, 
loc. cit.). For instance, in one oxidation of B-amyrin with perbenzoic acid we obtained a 
product, m. p. 197° alone or when mixed with the 8-amyrin oxide obtained by the hydrogen 
peroxide method. Furthermore, this product on acetylation gave the same acetate, and 
on oxidation the same ketone, as obtained from the hydrogen peroxide product. When 
the concentration of the perbenzoic acid solution was increased, however, an isomeric 
substance was obtained differing from the hydrogen peroxide product. It is evident that 
in addition to simple oxide formation the free alcohol is prone to oxidation at the secondary 
hydroxyl group when treated with perbenzoic acid. 

An “ oxy-a-amyrin,” C39H,,0,, has been described by Vesterberg (Ber., 1891, 24, 
3834) ; in this compound only one of the oxygen atoms has been characterised. Since 
Oxy-«-amyrin was prepared by the chromic acid oxidation of «-amyrin acetate, it appeared 
probable that it was closely related to «-amyrone oxide I. This was found to be the case, 
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for on mild oxidation of oxy-«-amyrin, «-amyrone oxide I was obtained identical with the 
product obtained by chromic acid oxidation of «-amyrin. 

The oxide ring present in these various products is extraordinarily stable and has 
resisted all attempts at simple rupture. 

In view of the complexity of the reactions of «- and B-amyrin, we append a table showing 
the various transformations described in this communication : 


Ac,O 
8-Amyrin ——~>  68-Amyrin acetate 
H,O, or 


C10, eq, 
-¥ -Amyrin acetate oxide 
8-Amyrone 4 HO t ae 
leo, p-Amyrin oxide 


gw # 


Cro, 
Y 
8-Amyrone oxide II 8-Amyrone oxide I 8-Amyrone oxide III 
A 
a-Amyrin —_—_, a-Amyrin acetate 
Cro, 
CrO, 
a-Amyrin acetate oxide 
a-Amyrone | 4,0 


o* 
go 


Cr, a-Amyrin oxide 


Os 
a-Amyrone oxide II a-Amyrone oxide I : 


EXPERIMENTAL. 


8-A myrone Oxide I1.—8-Amyrone (1 g.) in a chloroform solution of perbenzoic acid (130 c.c. ; 
0-4N) was set aside for 4daysat 0°. The solution was extracted with aqueous sodium carbonate 
and dried over sodium sulphate, the chloroform removed, and the residual oil repeatedly crystal- 
lised from methyl alcohol, 8-amyrone oxide II being obtained as well-formed needles, m. p. 234° 
(Found : C, 7-90; H, 10-5. C3 9H,,O, requires C, 78-9; H, 10-6%), and 210° in admixture with 
6-amyrone oxide I of m. p. 237°. 

8-Amyrin Acetate Oxide. —(a) B-Amyrin acetate (4-8 g.), dissolved in a chloroform solution 
of perbenzoic acid (50 c.c.; 0-55N), was kept at 0° for 18 days. The neutral product, isolated 
in the usual manner, aces a resinous mass, which was dissolved in the least possible quantity 
of hot benzene, and ethyl acetate added until the solution became opalescent. On cooling, the 
oxide separated in transparent hexagonal laminz, m. p. 293° after two recrystallisations. 
(b) 6-Amyrin oxide (0-15 g.) prepared by method (b) (see below) was refluxed with acetic an- 
hydride (4 c.c.) and potassium acetate (0-01 g.) for 30 minutes. The solution was poured into 
water, and the solid collected and recrystallised from benzene-ethy] acetate, ultimately giving 
lamine, m. p. 292°. (c) 6-Amyrin acetate oxide, prepared by the method of Rollett and Bratke 
(loc. cit.), separated from alcohol as ill-defined plates, but after crystallisation from benzene- 
ethyl acetate it formed hexagonal laminz, m. p. 292°. The products obtained by methods 
(a), (b), and (c) were identical, no depression in melting point being observed on intermixing the 
three specimens. Furthermore, this acetate oxide is identical with the oxy-f-amyrin acetate 
prepared by Spring (/oc. cit.), which showed no depression in melting point on admixture with 
each of the products prepared by methods (a), (b), and (c). 

6-Amyrin Oxide.—(a) B-Amyrin acetate oxide (1 g.) in a mixture of benzene (10 c.c.) and 
absolute alcohol (20 c.c.) was refluxed for 3 hours with caustic potash (2 g.). The solution was 
diluted with water and extracted with ether, and the extract washed with dilute sulphuric acid 
and dried over sodium sulphate. Removal of the ether left a yellow resin, which crystallised 
from acetone when the solution was cooled very slowly. If the solution is cooled quickly, the 
oxide separates as a gelatinous mass. The oxide forms colourless prisms, m. p. 203—204°. 
(b) 6-Amyrin (5 g.) was dissolved in a chloroform solution of perbenzoic acid (50 c.c. ; 0-55N) and 
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kept at 0° for 18days. The neutral product was obtained in the usual manner, and the resulting 
yellow resin dissolved in a little ethyl acetate and kept at 0° for several days; solid then separated, 
and after two crystallisations from alcohol the oxide formed prisms, m. p. 197°. (c) B-Amyrin 
oxide (“‘ oxy-$-amyrin ’’) prepared by the method of Rollett and Bratke (/oc. cit.) formed prisms, 
m. p. 202°. (d) The method of Spring (loc. cit.) gave the same B-amyrin oxide as prisms, m. p. 
203—204°. The oxides obtained by methods (a), (b), (c), and (d) gave no depressions in melting 
point on intermixing. 

B-Amyrone Oxide III.—$-Amyrin oxide was oxidised by chromic anhydride in the manner 
described by Rollett and Bratke (loc. cit.). §-Amyrone oxide III was obtained as needles from 
alcohol, m. p. 217° (Rollett and Bratke give m, p. 217°). When mixed with §-amyrone oxide I, 
the m. p. was depressed to 198°, and with B-amyrone oxide II to 204°. 

a-Amyrone Oxide I—Oxy-a-amyrin (0-9 g.) (Vesterberg, Joc. cit.) in glacial acetic acid (20 c.c.) 
was treated with a solution of chromic anhydride (1 g.) in acetic acid (30 c.c.), added during 
1 hour, the temperature being maintained at 70° throughout. The solid was precipitated with 
water, taken up in ether, and washed with sodium carbonate solution. The product separated 
from methyl alcohol in needles, m. p. 193° either alone or in admixture with a-amyrone oxide I 
prepared by the direct chromic acid oxidation of a-amyrin. Furthermore, the semicarbazone 
had m. p. 223° either alone or in admixture with the semicarbazone of «-amyrone oxide I (Spring 
and Vickerstaff, Joc. cit.). 

a-Amyrone Oxide I1.—a-Amyrone (2 g.) in chloroform (20 c.c.) was treated with a solution of 
perbenzoic acid in chloroform (100 c.c.; 0-4N). After standing for 4 days at 0°, the neutral 
product was isolated and crystallised from methyl alcohol—acetone, «-amyrone oxide II separating 
in needles, m. p. 183° (Found: C, 81-6; H, 11l-l. CygH,,O, requires C, 81-7; H, 11-0%). 
[a]? + 125° (c = 4-7 in chloroform). The melting point is depressed to 165° on admixture 
with a-amyrone oxide I. 
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411. Acetophenone-w-sulphonic Acid, and the Phenylglyoxalaryl- 


hydrazone-w-sulphonic Acids. 


By G. D. Parkes and S. G. TINSLEY. 


ACETOPHENONE-®-SULPHONIC acid was first made by Schroeter (Amnalen, 1919, 418, 161) 
from methanedisulphonic acid by a method which is rather long and involved and employs 
somewhat inaccessible materials. 

The sodium salt can be readily prepared in quantity by the action of sodium sulphite at 
100° upon w-bromoacetophenone (compare acetonesulphonic acid; Bender, Z. Chem., 1870, 
162) : 

Ph-CO-CH,Br + Na,SO, = Ph-CO-CH,*SO,Na + NaBr 


The free acid, obtained by the action of dry hydrogen chloride upon a suspension of the 
sodium salt in dry ether, is a strong one and readily forms salts with ammonia, aniline, and 
phenylhydrazine, but all attempts to prepare a phenylhydrazone have failed. 

The sulpho-group, like the nitro-group (this vol., p. 67), activates the methylene 
group in w-substituted acetophenones, and acetophenone-w-sulphonic acid couples readily 
with diazonium salts in solution in presence of sodium acetate, the corresponding phenyl- 
glyoxalarylhydrazone-w-sulphonic acids being formed : 


R-N,Cl + Ph-CO-CH,"SO,H —> R-NH-N:C(SO;H)-COPh 


The action of bromine on these compounds is similar to that upon the corresponding 
o-nitrophenylglyoxalarylhydrazones (loc. cit.) and upon the corresponding arylazobenzoy]l- 
acetones and arylazoacetoacetates (Chattaway and Lye, Proc. Roy. Soc., 1932, A, 185, 282; 
137, 489; J., 1933, 480) and ultimately causes the replacement of the sulpho-group by 
bromine. For instance, bromine converts phenylglyoxalphenylhydrazone-w-sulphonic acid 
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into phenylglyoxal-p-bromophenylhydrazone-w-sulphonic acid, and its further action first 
replaces the w-sulpho-group and then brings about substitution in one ortho-position : 


C,H,*NH-N:C(SO,H)*COPh —> -C,H,Br-NH-N:C(SO,H)-COPh —> 
p-C,H,Br-NH-N:CBr-COPh —> 2 : 4-C,H,Br,"NH-N:CBr-COPh 


As might be expected, the action of chlorine is similar to that of bromine, but more 
vigorous. Thus the first action of chlorine upon phenylglyoxalphenylhydrazone-o- 
sulphonic acid causes the replacement of the sulpho-group by chlorine and the formation of 
«-chlorophenylglyoxal-p-chlorophenylhydrazone. Under no conditions was it found possible 
to substitute chlorine in the para-position in the phenyl residue of phenylglyoxalphenyl- 
hydrazone-w-sulphonic acid without replacing the sulpho-group by halogen at the same 
time. 

Although in these w-bromo- and w-chloro-phenylglyoxalarylhydrazones the halogen 
atom in the -position is fairly reactive and can be replaced, for example, by an amino- 
group by treatment with alcoholic ammonia, the original w-sulphonic acids are not formed 
on treatment with anhydrous sodium sulphite, nor is the halogen replaced by hydrogen by 
the action of hydriodic acid. 

EXPERIMENTAL. 

Sodium A cetophenone-w-sulphonate.—A solution of 300 g. of w-bromoacetophenone in 100 c.c. 
of alcohol was added toa solution of 500 g. of crystalline sodium sulphite in 500 c.c. of water, and 
the mixture evaporated to dryness on a water-bath. The resulting solid was broken into small 
lumps and extracted with boiling alcohol, from which, on cooling, the above sodium salt separated 
in colourless slender prisms, m. p. 260° (decomp.), excessively soluble in water, moderately so 
in alcohol, and insoluble in chloroform, ether, and benzene. Yield, 90% of the theoretical 
(Found: S, 14-5. C,H,O,SNa requires S, 14-4%). 

A cetophenone-w-sulphonic Acid.—100 G. of sodium acetophenone-w-sulphonate were finely 
powdered and suspended in 500 c.c. of dry ether, and dry hydrogen chloride was passed for 
12 hours. On filtration and removal of the ether by distillation in a vacuum acetophenone-w- 
sulphonic acid remained as a viscous dark liquid, which solidified on standing in a vacuum over 
phosphoric oxide for a week. It was purified by melting it under successive small quantities 
of chloroform, in which it is insoluble, until the top layer of chloroform remained colourless. 
On cooling, the acid solidified in masses of extremely hygroscopic, flattened, rectangular 
prisms, m. p. 73—75°. Yield, 15% of the theoretical (Found: S, 15-1. Calc. for C,H,O,S: 
S, 16-0%). 

When the acid was neutralised with concentrated aqueous ammonia, the ammonium salt 
separated on cooling. It crystallised from alcohol in colourless lustrous leaflets, m. p. 207° 
(Found: S, 14-6. C,H,,O,NS requires S, 14:7%). Inasimilar manner aniline acetophenone-w- 
sulphonate, colourless lustrous leaflets from alcohol, m. p. 181° (Found: S, 10-8. C,,H,,O,NS 
requires S, 10-9%), and phenylhydrazine acetophenone-w-sulphonate, colourless slender prisms 
from water, m. p. 208° (decomp.) (Found: S, 10-3. C,,H,,0,N,S requires S, 10-4%), have 
been prepared. 

Phenylglyoxalphenylhydrazone-w-sulphonic Acid.—12 G. of aniline were diazotised with 9 g. 
of sodium nitrite in 25 c.c. of concentrated hydrochloric acid and 25 c.c. of water, and the result- 
ing solution was slowly added to a stirred, well-cooled mixture of 30 g. of sodium acetophenone- 
«-sulphonate, 300 g. of crystalline sodium acetate, and 50c.c. of water. After 8 hours’ stirring, 
and 24 hours’ keeping in ice, the above compound separated. It crystallised from alcohol in 
light yellow, long, hair-like needles, m. p. 220° (decomp.) (Found: S, 10-5. C,,H,,0,N,5 
requires S, 10-35%). Yield, 60% of the theoretical. The barium salt, prepared from aqueous 
solutions of the acid and barium chloride, crystallised from water in minute yellow prisms, 
m. p. 188° (decomp.). 

Ina similar manner thefollowing have been prepared: Phenylglyoxal-p-bromophenylhydrazone- 
«@-sulphonic acid, pale yellow, very fine, hair-like crystals from alcohol, m. p. 240° (decomp.) 
(Found: S, 8-7; Br, 20-95. C,,H,,O,N,BrS requires S, 8-4; Br, 21-0%). 

Phenylglyoxal-2 : 4-dibromophe nvihvdrazone-w-sulphonic acid, yellow, irregular, short, 
flattened prisms from alcohol, m. p. 245° (decomp.) (Found : S, 7-1; Br, 34-4. C,,H,O,N,Br.S 
requires S, 6-9; Br, 34-6%). Its barium salt crystallised from water asa yellow microcrystalline 
solid, m. p. 270° (decomp.). 

Phenylglyoxal-2 : 4 : 6-tribromophenylhydrazone-w-sulphonic acid, which crystallised from 
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alcohol in a labile form as pale yellow, hair-like prisms, which gradually redissolved in the 
mother-liquor, whilst a stable form separated in pale yellow, irregular, rhombic plates, m. p. 
210° (decomp.) (Found : Br, 44-5. C,,H,O,N,Br,S requires Br, 44-4%). 

Phenylglyoxal-p-nitrophenylhydrazone-w-sulphonic-acid, pale yellow, long prisms from water, 
m. p. 259° (decomp.) (Found: S, 9-2. C,4H,,O,N,S requires S, 9-2%). 

Phenylglyoxal-o-nitrophenylhydrazone-w-sulphonic acid, bright orange-yellow, minute, com- 
pact prisms from water, m. p. 238° (decomp.) (Found: S, 9-1%). 

Phenylglyoxal-4-bromo-2-nitrophenylhydrazone-w-sulphonic acid, yellow microcrystalline 
powder from water, m. p. 242° (decomp.) (Found: Br, 18-5. C,,H,gO,N;BrS requires Br, 
18-7%). Its barium salt crystallised from water as a microcrystalline powder, m. p. 238° 
(decomp.). 

Phenylglyoxal-p-chlorophenylhydrazone-w-sulphonic acid, pale yellow, long, slender prisms 
from alcohol, m. p. 240° (decomp.) (Found : S, 9-6; Cl, 10-3. C,,H,,O,N,CIS requires S, 9-45; 
Cl, 10-5%). 

Phenylglyoxal-2 : 4-dichlorophenylhydvazone-w-sulphonic acid, pale yellow clusters of short 
flattened prisms from alcohol, m. p. 248° (decomp.) (Found : Cl, 19-1. C,,H,,0,N,CI,S requires 
Cl, 19-0%). 

Phenylglyoxal-2 : 4 : 6-irichlorophenylhydrazone-w-sulphonic acid, pale yellow, long, slender, 
flattened prisms from alcohol, m. p. 217° (Found : Cl, 25-8. C,,H,O,N,CI,S requires Cl, 26-1%). 

Action of Bromine upon Phenylglyoxalphenylhydrazone-w-sulphonic Acid.—(1) Formation of 
phenylglyoxal-p-bromophenylhydrazone-w-sulphonic acid. 1-6 G. of bromine in 3 c.c. of acetic 
acid were added to a solution of 3 g. of phenylglyoxalphenylhydrazone-w-sulphonic acid in 20 c.c. 
of cold glacial acetic acid. The above compound separated as a yellow solid, which on crystal- 
lisation from alcohol was shown to be identical with the compound obtained by coupling aceto- 
phenone-w-sulphonic acid with p-bromophenyldiazonium chloride (see above). 

(II) Formation of w-bromophenylglyoxal-p-bromophenylhydrazone. 3-3 G. of bromine in 
3c.c. of acetic acid were added to a solution of 3 g. of phenylglyoxalphenylhydrazone-w-sulphonic 
acid in 20 c.c. of hot aceticacid. After 12 hours, the above compound separated ; it crystallised 
from acetic acid in pale yellow needles, m. p. 197°. The same compound was obtained by similar 
treatment of phenylglyoxal-p-bromophenylhydrazone-w-sulphonic acid with 1 mol. of bromine, 
and both specimens were found to be identical with an authentic specimen (J., 1933, 480). 

(III) Formation of w-bromophenylglyoxal-2 : 4-dibromophenylhydrazone. 6 G. of bromine in 
5c.c. of acetic acid were added to a solution of 3 g. of phenylglyoxalphenylhydrazone-w-sulphonic 
acid in 20 c.c. of boiling acetic acid, and the solution was refluxed for 8 hours. On cooling, the 
above compound separated; it crystallised from alcohol in long, yellow, slender prisms, m. p. 
124°. The same compound was obtained by similar treatment of phenylglyoxal-p-bromo- 
phenylhydrazone-w-sulphonic acid with 2 mols. of bromine, or by treatment of phenylglyoxal- 
2 : 4-dibromophenylhydrazone-w-sulphonic acid with 1 mol. of bromine. All three specimens 
were found to be identical with an authentic sample (loc. cit.). 

Action of Bromine upon Phenylglyoxal-2 : 4 : 6-iribromophenylhydrazone-w-sulphonic Acid.— 
1-2 G. of bromine were added to a solution of 3 g. of phenylglyoxal-2 : 4 : 6-tribromopheny]l- 
hydrazone-w-sulphonic acid in 20 c.c. of hot acetic acid and the whole was kept for 12 hours. 
«-Bromophenylglyoxal-2 : 4 : 6-tribromophenylhydrazone slowly separated; it crystallised 
from acetic acid in pale yellow, large, lustrous, flattened prisms, m. p. 148°, and was found to be 
identical with an authentic specimen (loc. cit.). 

Ina similar manner to the above have been obtained : w-Bromophenylglyoxal-p-nitrophenyl- 
hydrazone, pale yellow, long, slender prisms from acetic acid, m. p. 247° (decomp.), which was 
found to be identical with an authentic specimen (Joc. cit.). 

«-Bromophenylglyoxal-o-nitrophenylhydrazone, pale yellow, hair-like needles from alcohol, 
m. p. 128° (Found: Br, 22-8. C,,H,,O,;N,Br requires Br, 23-0%). 

w-Bromophenylglyoxal-4-bromo-2-nitrophenylhydrazone, orange-yellow, rhombic plates from 
acetic acid, m. p. 185° (Found: Br, 37-7. C,,H,O,N,Br, requires Br, 37-5%). 

Action of Excess of Bromine upon Phenylglyoxal-o-nitrophenylhydrazone-w-sulphonic Acid. 
Formation of w-Bromophenylglyoxal-4-bromo-2-nitrophenylhydrazone.—6 G. of bromine in 6 c.c. 
of acetic acid were added to a solution of 3 g. of phenylglyoxal-o-nitrophenylhydrazone-w- 
sulphonic acid in 50 c.c. of boiling acetic acid, and the solution was refluxed over-night. On 
careful addition of water to the resulting solution the above compound separated as an orange- 
yellow solid, which on crystallisation was shown to be identical with the compound obtained by 
the action of 1 mol. of bromine upon phenylglyoxal-4-bromo-2-nitrophenylhydrazone-w- 
sulphonic acid. 
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Action of Chlorine upon Phenylglyoxalphenylhydrazone-w-sulphonic Acid.—(I) Formation of 
«-chlorophenylglyoxal-p-chlorophenylhydrazone. 5 G. of phenylglyoxalphenylhydrazone-w- 
sulphonic acid were dissolved in 20 c.c. of cold acetic acid and a slow stream of chlorine was 
passed for 5 minutes. On addition of water the above compound separated as a pale yellow 
solid. It crystallised from alcohol in colourless, long, slender prisms, m. p. 133° (Found : 
Cl, 24-5. C,,H,ON,Cl, requires Cl, 24-2%). This compound was also obtained by the action 
of chlorine upon phenylglyoxal-p-chlorophenylhydrazone-w-sulphonic acid under similar 
conditions. 

(Il) Formation of w-chlorophenylglyoxal-2 : 4-dichlorophenylhydrazone. A rapid stream of 
chlorine was passed through a solution of 5 g. of phenylglyoxalphenylhydrazone-w-sulphonic acid 
in 20 c.c. of hot acetic acid for 15 minutes. On addition of water the above compound separated 
as a yellow solid. It crystallised from alcohol in colourless, hair-like prisms, m. p. 106° (Found : 
Cl, 32-3. C,,H,ON,Cl, requires Cl, 32-5%). This compound was also obtained by the action of 
chlorine upon phenylglyoxal-p-chlorophenylhydrazone-w-sulphonic acid and upon phenylglyoxal- 
2 : 4-dichlorophenylhydrazone-w-sulphonic acid under similar conditions. 

Action of Chlorine upon Phenylglyoxal-2 : 4 : 6-trichlorophenylhydrazone-w-sulphonic Acid.— 
5 G. phenylglyoxal-2 : 4 : 6-trichlorophenylhydrazone-w-sulphonic acid were dissolved in 20 c.c. 
of hot glacial acetic acid and a rapid stream of chlorine was passed for 15 minutes. On addition 
of water w-chlorophenylglyoxal-2 : 4 : 6-trichlorophenylhydrazone was precipitated as a yellow 
solid. It crystallised from alcohol in colourless, long, slender prisms, m. p. 119° (Found : 
Cl, 39-3. C,,H,ON,Cl, requires Cl, 39-2%). 
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412. The Decomposition of Ozone Photosensitised by Chlorine. 
By Ronatp G. W. NorrisH and GEorGE H. J. NEVILLE. 


THE decomposition of ozone photosensitised by chlorine has been the subject of much study 
since its discovery by Weigert (Z. Elektrochem., 1908, 14, 591), who found that no per- 
manent formation of chlorine oxides results and that the rate of increase of pressure remains 
constant throughout, the decomposition thus appearing to be of zero order with respect to 
ozone. Bonhoeffer (Z. Physik, 1923, 13, 94), using ozonised oxygen (as also did Weigert), 
found the quantum yield of the reaction to be 2. 

Attempts by Allmand (e.g., Trans. Faraday Soc., 1926, 21, 603) and others to devise 
reaction schemes involving chlorine molecules excited by the absorption of radiation were 
abandoned when the hypothesis became generally accepted that chlorine molecules are 
dissociated into atoms by ultra-violet light, and a satisfactory explanation of this reaction 
has not yet been reached. Recent work has, indeed, shown that the reaction kinetics are 
more complicated than was at first supposed; Allmand and Spinks (J., 1931, 1652; 1932, 
599), for instance, working with ozone purified by fractional distillation, found (1) values 
of quantum yield greatly exceeding 2, (2) that chlorine hexoxide may separate as a mist, 
and (3) that there is evidence of a non-linear relation between reaction velocity and absorbed 
light flux. 

The present work was undertaken with a view to investigate the effect of inert gases 
added to the ozone-chlorine mixture, as in the decomposition of nitrogen trichloride; the 
latter reaction is also photosensitised by chlorine, is strongly influenced by inert gases, and 
resembles the ozone reaction in being of zero order with respect to nitrogen trichloride 
(Griffiths and Norrish, Proc. Roy. Soc., 1931, 180, A, 591; 1932, 135, A, 69), but in this 
instance the reaction rate is proportional to the absorbed light flux. 


EXPERIMENTAL. 


Preparation of Reagents.—Chlorine, prepared from hydrochloric acid and potassium per- 
manganate, was bubbled through potassium permanganate solution, dried, and condensed in 
liquid air; several fractionations were then carried out. Chlorine from a cylinder, treated in 


the same way, was also used. 
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Oxygen was prepared by electrolysis of aqueous caustic soda containing a little baryta, or 
by the decomposition of hydrogen peroxide; it was stored over mercury under slight pressure. 

Nitrogen and carbon dioxide were obtained from commercial cylinders; the former was 
passed over red-hot copper, dried, and stored as for oxygen, and the latter was condensed and 
fractionated four or five times. Chlorine and carbon dioxide were stored as solids, cooled by 
liquid air. 

b Ozone of high concentration (ca. 90%) was prepared by the method of Riesenfeld and 
Schwab (Ber., 1922, 55, 2088). Oxygen, obtained by the first method above, was partly dried 
with sulphuric acid, passed through an electrically heated furnace containing platinised asbestos 
at 350° in order to remove any traces of hydrogen, and then thoroughly dried with calcium 
chloride and phosphoric oxide before entering the ozoniser. This (Fig. la) consisted of three 
Berthelot tubes in series, each 25 cm. long, and with an annular space 0°2 cm. in width. An 
alternating current of 500 cycles per second was obtained from a small ‘‘ Newton 52a” altern- 
ator, delivering 20 amps. at 10 volts, and transformed to a potential of 10,000 volts. The 


Fic. la. Fic. 1b. 
Preparation of ozone. Detail of ozoniser showing cooling system. 
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ozoniser was cooled by allowing water to flow through the inner tube. Owing to the need for 
complete insulation of the high-voltage system, the water was arranged to drip in and out 
of the tube (see Fig. 1b). The ozoniser stood in a large jar of copper sulphate solution which 
served as one electrode, the cooling water being the other ; it gave approximately 8% of ozone by 
volume. The mixed ozone and oxygen then passed through a dust-trap, consisting of a glass tube 
filled with glass-wool moistened with concentrated sulphuric acid, through a trap cooled in 
carbon dioxide—ether, where the last traces of water were removed (when first used, the walls of 
the ozoniser tubes gave up much water under the influence of the discharge), and then through a 
trap cooled in liquid air, where concentration of the ozone took place. 

It was found convenient to use a continuous flow method, whereby the oxygen was drawn 
through the ozoniser at a rate of about 200 c.c./min., the pressure in the liquefying trap being 
adjusted to 10 or 15 cm. Hg by means of taps (1) and (2) (Fig. la). The pressure of the gas in 
the trap was indicated by a mercury manometer, the surface of which was effectively protected 
from ozone by a layer of sulphuric acid. Under these conditions, a dark blue liquid containing 
70% ozone and 30% of oxygen was condensed. This could be kept indefinitely without 
decomposition, but explosions occurred if the ozone was allowed to evaporate and escape into 
the air through a tube containing soda-lime, recommended by Riesenfeld and Schwab as a 
means of decomposing surplus ozone. Accordingly, the use of this substance was abandoned 
and ozone rejected, if necessary, through a filter-pump. In order to obtain ozone of greater 
concentration than 70%, the blue solution was allowed to warm, and the first portions of the 
distillate were rejected; the fraction remaining now contained 90% of ozone. Shell Apiezon 
grease “‘ L ’’ was used to lubricate the taps and appeared to be only slightly affected by ozone. 

Procedure.—The photochemical decomposition of ozone is accompanied by a thermal 
decomposition. Bonhoeffer and Allmand counterbalanced this with the help of a duplicate 
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vessel which was not illuminated, but Kistiakowsky studied the thermal reaction separately, 
and this method was adopted in the present instance. This is facilitated by the fact that the 
thermal decomposition of ozone in presence of chlorine shows a very marked induction period 
(Bodenstein, Padelt, and Schumacher, Z. physikal. Chem., 1929, B, 5, 209). Inthe present work, 
measurements of quantum yield were only made during such induction periods and, except 
under certain conditions indicated below, there was no further increase of pressure after the light 
was cut off. 

The decomposition was carried out (Fig. 2) in a cylindrical quartz cell connected to a glass 
Bourdon gauge, by which the increase of pressure was measured. Energy measurements were 
made with a Moll thermopile in conjunction with a Broca galvanometer. The gauge (the 
deflexion of which was measured by a travelling microscope) was calibrated against mercury 
manometers, and the thermopile-galvanometer system by means of a carbon-filament lamp whose 
emission had been measured at the National Physical Laboratory. The sensitivity of both was 
verified at intervals. Both gauge and reaction vessel were kept at constant temperature by a 
stream of water frem an electrically controlled thermostat, pumped to a constant head and 


Fie. 2. 
The reaction system. 


Dry air, ozone, 
pump etc. 
Chlorine 


“Inert gas” 




















Bulb filled with reaction mixture and afterwards detached for analysis of contents. 

Bourdon gauge, used (a) for measurement of small pressures by deflexion,; (b) for measurement of 
pressures of gases in reaction vessel by null method, in conjunction with manometer M. 

Reaction vessel in tank with glass windows. The representation of the optical system is purely 
diagrammatic. 

Mercury lamp taking 2°5 amps. at 150 volts from D.C. mains. 

Light filters, e.g., 3 cm. 6% solution of CuSO,,5H,O with a Wratten 18a filter, transmitting A365 my only. 


Thermopile. 


allowed to flow back (1) through an outer jacket surrounding the gauge and (2) through a tank 
with glass windows containing the reaction vessel. The temperatures of both gauge and reaction 
vessel were maintained in this way at 25° + 005°. The reaction vessel was first evacuated, and 
the incident light flux measured. Chlorine was then admitted, followed by ozone and any other 
gases necessary. The transmitted light was measured after a steady rate of reaction had been 
reached, and the corrections for reflexion losses, etc.; were determined by direct measurement 
and were represented by a factor of 1°27. 

Light of wave-length 365 my was used throughout the experiments. This was obtained from 
a mercury-vapour lamp, using a Wratten No. 18A colour filter combined with a 3-cm. layer of 
6% copper sulphate solution to remove heat rays. 

General Course of the Reaction.—The graph of pressure plotted against time was of the type 
described by previous writers : an immediate small increase of pressure—the Budde effect— 
was followed by a short induction period during which the rate of the pressure change rose to a 
steady value, which persisted during the greater part of the reaction, but was followed by an 
abrupt increase at the end. Quantum yields were measured during the period of constant 
velocity. 

In many cases the quantum yield was measured as soon as the rate of increase of pressure 
became steady, and before all the ozone was decomposed. In such experiments a bulb was 
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filled at the same time as the reaction vessel; this was subsequently detached, and the contents 
displaced through a solution of potassium iodide, the sum of the chlorine and ozone pressures 
being obtained by titration of the iodine liberated after acidification. In other experiments, 
in which only a small amount of ozone was used, this was estimated from the final increase of 
pressure. 

It was not possible to follow the photosensitised decomposition of more than 5—10 mm. of 
ozone, but the initial rate of decomposition was found to vary when the concentration of ozone 
was varied widely. In general the ‘‘ induction period ’’ and “‘ final rise ’’ were less marked when 
more oxygen was present, while increase of chlorine had the opposite effect. 

Fig. 3 shows typical pressure-time curves. It will be noted that the addition of oxygen, 
while lowering the quantum yield, does not 
destroy the characteristic zero order of the Fic. 3. 
reaction with respect to ozone. In one instance Typical pressure-time curves. 
(Curve 1), the experiment was interrupted, and 
apart from the reversible Budde effect, no after- 
effects occurred. 

The Effect of Variation in Pressure of Chlorine, 
Pressure of Ozone, and Intensity of Light.—The 
effects of variation of these three factors were 
seen to be closely interconnected. As found by 
Allmand and Spinks (Joc. cit.), it was confirmed 
that with either reduction of chlorine pressure 
or increase of ozone pressure there was a 
tendency to approximate to the law y oc If. 

If the pressure of chlorine exceeded approxi- 
mately 120 mm. a liquid deposit settled on the 
walls of the cell. A considerable quantity of 
this liquid was collected by the illumination of 
a mixture rich in chlorine and ozone, cooled in 
ice and salt. On allowing the red liquid to 
become warm, spontaneous decomposition set 
in, as indicated by an increase of pressure, the 
rate being rapid but measurable at 30°. On 
further cooling by ice and salt, it was found 
that permanent gases had been produced. A 
quantity of the liquid was condensed in an 
evacuated bulb, sealed off, and analysed by the 
method of Schumacher and Stieger (Z. anorg. 60 30 700 
Chem., 1929, 184, 272). The liquid was de- Minutes. 
composed completely by immersing the bulb in : . 
hot water and the altine and oxygen produced PO sey pat hepitito ety 
were determined, the former by titration, the 
latter by volume. In this way the formula Gy Ox Ow Ty e 

. Be a . . m. X10“, y. 
(ClO), was established. This trioxidecan prob- Gyrye J 60 15 7 130 853 
ably be identified with the oxide described by ae 60 53 16 7:54 3°59 
Bowen (J., 1923, 123, 2328), by Bodenstein, » = Ses 635 7:72 2-62 
Harteck, and Padelt, and by Schumacher and 
Stieger (Jocc. cit.). Its formation and thermal decomposition were reported by Allmand and 
Spinks (/oc. cit.), and in our opinion it is responsible for the “‘ anomalous ”’ results recorded 
at high pressures of chlorine and ozone by Heidt, Kistiakowsky, and Forbes (J. Amer. Chem. Soc., 
1933, 55, 223). We have already elaborated this point (Nature, 1933, 131, 544). 

Table I and Figs. 4 and 5 show the effect of variations of pressure of (a) chlorine, (b) ozone 
with simultaneous variation of absorbed light flux, effected by variation of lamp voltage and by 
the use of filters of varying transmission. The intensity of absorbed light, Jp., is given in 
terms of quanta/sec., and pressures of gases in mm. of Hg. 

The Effect of Gases other than Ozone and Chlorine.—Experiments of two types were made in 
order to determine the effect of the addition of certain gases. 

(a) The quantum yield was determined for two series of mixtures containing severally 60 mm. 
and 100 mm. of chlorine, with 5—10 mm. of ozone and a varying quantity ofathird gas. Under 











1868 Norrish and Neville : 


these conditions the quantum yield was found to be independent of absorbed light flux, and the 
reaction was of zero order with respect to ozone. 


TABLE I, 
Cl,. , O, Ie. X10. = y. Cl,. Os. O,. 
Variation of chlorine pressure. 
58 ; 1°14 28°8 36 5 
0-919 
0°472 
0-344 
3°26 


wren DOSS 
OMe OMe 
Cr 1 bo 


a 
~ 


Variation of ozone pressure. 
3°86 25 69 
3°84 
4°14 
4°4 
4°47 
5°22 
5°8 
(6) The variation of quantum yield with absorbed light flux was studied, using 25 mm. of 
chlorine, 75 mm. of ozone, and either 0 or 600 mm. of a third gas. It was found that nitrogen 


Fie. 4. Fic. 6. 


10 
© Chlorine =5:8mm.; Ozone =39 mm. 
a Chlorine =14-2mm.; Ozone = 34mm. 

-!-Chlorine =28-8 mm, Ozone = 36 mm. 
AChlorine =55:-5mm.; Ozone =36 mm. 

Oxygen=Ca.5mm. 





o—o Chlorine 260mm. 
a----a Chlorine “nomn ozone =Ca.5mm. 

















dxyge 400 S500 600 700 


n, mm. 


5 
Quanta/sec.x10-"*. 


© Ozone =69mm.; Chlorine = 25mm. 
-!-Ozone =32mm. ‘ Chlorine =22-5 mm. -i- Ozone =80mm. 
© Ozone =69 mm. 


A Ozone = §mm.;Chlorine =25 mm. Oxugen-i- ' 
Oxygen =Ca. 10mm. ~~ ngs" ' - Ozone =76 mm; Nitrogen =552mm. 


Oxygen 


4 Ozone = 76mm. Oxygen =625 mm. 
8 Ozone = 78mm; Oxygen=570 mm. 
Chlorine =25 mm. 


4 i - 4. 














i rt 1 


a aa i ae eis 
Quanta/sec.x 10" * Quanta/sec. x 10". 
Fic. 5. Fic. 7. 





The Decomposition of Ozone Photosensitised by Chlorine. 1869 


and carbon dioxide had no effect on y, whereas oxygen and chlorine have a marked inhibitory 
effect, the addition of either of the last two gases tending to obliterate the variation of quantum 
yield with absorbed light flux and also to reduce the quantum yield. 

Oxygen prepared from hydrogen peroxide had the same effect as that produced by electrolysis, 
and substitution of a small quartz cell for the large one generally used did not affect the quantum 
yield. It was also found that variation of the total illuminated surface had no effect, a special 
reaction vessel having movable vanes, which could be swung into the beam, being used for this 
purpose. Tables II and III exhibit these results, which are plotted in Figs. 6 and 7. 


TABLE II. 


Experiments with chlorine and ozone at constant pressure, under conditions such that quantum 
yield is independent of absorbed light flux. 
(a) Addition of oxygen. 
Cl,, 60 mm.; O;, ca. 5 mm. Cl,, 100 mm.; O;, ca. 5 mm, 
O,. ’ O,. y: O,. y: O,. 
89 z 6 i 3°3 200 
124 ; 6 . 3°19 295 
210 , 3 ‘ 3°08 585 
360 “4 2°84 648 
440 


(b) Addition of nitrogen. (c) Addition of carbon dioxide. 
Cl,, 60 mm.; O,, ca. 5 mm. Cl,, 55 mm.; O,, ca. 30 mm. 
CO,. O,. y: 
0 8°5 3°6 
50 13 3°73 
456 17 3°57 


TABLE III. 


Experiments with chlorine and ozone at constant pressures under conditions such that quantum 
yield is not independent of absorbed light flux. 
O;, 78°3 mm. O;, 76 mm. O,, 80 mm. O,, 76 mm. 
O,, 570 mm. N,, 552 mm. O,, 6 mm. O,, 625 mm. 


Taps. Tabs. Tabs. Tavs. 
x 10%, ‘ x 10%, , x 10-%, y: x 10-4, y: 
5°31 . 5°17 j 5°17 5°68 5°24 2°99 
3°84 : 3°52 : 1:38 8:3 3°66 3°74 
2°57 . 2°05 ; 1:97 4°38 
1°45 ; 1°39 
Note.—The ozone pressures tabulated are those at the commencement of a series of measurements, 
which were carried out as quickly as possible and without decomposing more than ca. 5% of this ozone. 
In order to minimise the error due to this, the various intensities used were not studied in the order 
in which they are tabulated, but in an irregular order as regards magnitude. 


DISCUSSION. 


The main points emerging from the present work are as follows : 

(a) The decomposition of ozone in presence of chlorine is a chain reaction, quantum 
efficiencies as high as 10 being recorded. (b) The law y oc J~°® is approached when the 
pressure of ozone is high and that of chlorine and oxygen is low. (c) When the pressure 
of chlorine or of oxygen is high the quantum yield is independent of absorbed light flux, 
and the reaction is of zero order with respect to ozone over the greater part of its course. 
(d) As the pressure of oxygen or chlorine is increased, the light intensity remaining constant, 
the quantum yield is depressed towards a limiting value of 2. (e) Foreign gases have no 
effect upon the reaction. (f) A red liquid consisting of chlorine trioxide may be obtained 
as a by-product when the pressures of chlorine and ozone are high. (g) When chlorine 
trioxide does not separate, results are uniform and reproducible, and there is no indication 
of any after-effect when the irradiation is discontinued; if, however, chlorine trioxide 
separates, it continues to decompose with increase of pressure in the dark. 
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These results amplify those of earlier workers. It is apparent from the work of Allmand 
and Spinks (loc. cit.) that the apparently simple results of Weigert and of Bonhoeffer (/occ. cit.) 
only apply when a large excess of oxygen is present, and that the kinetics are more com- 
plicated when a wider range of concentrations of reactants is studied. The first two authors 
recorded quantum yields as high as 40 when the concentration of ozone was high and that of 
oxygen low, and under these conditions they found that the velocity is proportional to the 
square root of light intensity. They also inferred the separation of chlorine trioxide when 
the pressure of chlorine and ozone was high. With all these results our own findings are in 
agreement, and in addition we have now recorded the specific inhibiting effect both of 
oxygen and of chlorine, which is coupled with the fact that, as the pressures of chlorine and 
oxygen increase, the rate becomes proportional to light intensity. This specific effect of 
oxygen and chlorine is the more remarkable in view of the absence of any effect by foreign 
gases. 

Mechanism of Reaction.—In view of the high quantum yields, it is clear that the decom- 
position of ozone must occur by way ofa chain reaction. Any such chain mechanism must 
necessarily conform to the following requirements : 

(a) At low pressures of chlorine and oxygen, chains end by mutual neutralisation, giving 
rise to the law y o J-®*®; in this region the order of reaction is not zero, since the rate is 
dependent on the concentration of ozone. (b) At higher pressures, chains end by reaction 
of the active centres with ozone and either chlorine or oxygen: only in this way can the 
reaction become of zero order and subject to inhibition by chlorine or oxygen. (c) When 
chains end by self-neutralisation they must do so through the mutual reaction of radicals 
and not atoms, for in the former instance only can the process be independent of an inert- 
gas effect. (d) Since chlorine trioxide is formed in greatest quantity under conditions of 
inhibition by chlorine, #.e., when quantum yield is approaching 2 and the rate is propor- 
tional to absorbed light flux, it may be concluded that the radical ClO, is not a chain carrier, 
as supposed by Allmand and Spinks (oc. cit.), but is rather the end-point in the chain 
reaction when chains are ended by the specific action of chlorine. Moreover if ClO, were 
also the end-point when the reaction is inhibited by excess oxygen instead of chlorine, 
Cl,O, would not necessarily separate as a liquid, since the absorbed light flux in these 
experiments was smaller on account of the lower concentration of chlorine employed. 
Further if chlorine trioxide were the product of the mutual neutralisation of chains, its 
separation would be expected to be coupled with a y oc J relationship, whereas according 
to our results this is definitely not the case. 

The following scheme fulfils the requirements enumerated above.* 


(1) Cl, + 4yv—> Cl + Cl 

(2) Cl + O, —> ClO + O, ( + 25°5 kg.-cals.) ; velocity coefficient fg. 

(3) ClO + O, —> Cl + 20, (+ 42°5 kg.-cals.) - a kg. 

(4) ClO + ClO —> Cl, + O, (+ 74 kg.-cals.) - es ky. 

(5) Cl + O, + Cl, —> ClO, + Cl, (+ 11°5 kg.-cals.) ; velocity coefficient &;. 
(6) Cl+ O, + O, —> ClO, + O, (+ 11°5 kg.-cals.) “ - Re. 


Of these reactions (1) starts chains, (2) and (3) propagate chains and are strongly exothermic, 
(4) terminates chains by mutual reaction leading to a yoc J-°* law and is strongly exothermic, 
and (5) and (6) terminate chains by the specific inhibitive action of chlorine and oxygen 
leading to a zero-order reaction and the formation of chlorine hexoxide. 

The greatest difficulty is to account for the specific inhibitive action of chlorine and 
oxygen. The experimental results are clear as to its existence, and equally clear as to the 


* The heats of reaction are calculated from the following data : 
(1) Cl, —-> Cl + Cl — 57 kg.-cals. 
(2) O, —> O + O — 117 kg.-cals. 
(3) O; —> 30, + 34 kg.-cals. 
(4) ClO—> Cl + O — 50 kg.-cals. 
(5) ClO, + Cl Cl, + O, + 55 ig.-cals, } Schumacher, Z. Elektrochem., 1933, 29, 7. 
(6) ClO, —> 4CIO, + O, + 23°5 kg.-cals. Bodenstein ef al., loc. cit. 
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absence of any inert-gas effect with either nitrogen or carbon dioxide. It must therefore 
be admitted that the chlorine and oxygen do not exert their influence simply through the 
mechanism of a ternary collision. It seems possible that their specific action is connected 
with the formation of Cl, and ClO,. The existence of the former as a transient compound 
has been shown to be probable by Eyring and Rollefson (J. Amer. Chem. Soc., 1932, 51, 170) 
on the basis of wave-mechanical considerations. Hence the reaction Cl + Cl,—» Cl; may 
be regarded as strongly reversed. 

Similarly, Bodenstein (Trans. Faraday Soc., 1931, 27, 414) has indicated that the direct 
reaction between chlorine atoms and oxygen molecules to give chlorine dioxide is extremely 
inefficient, being subject to a probability factor as low as 10%. Hence the reaction 
Cl+ 0, —-> ClO, is also strongly reversed. If, however, during their short lives the transient 
molecules Cl, or CIO, encounter an ozone molecule, they may react as follows : Cl -+- Os —> 
ClO, + Cl,; ClO, + O,—>ClO,-+ O,. For the latter reaction there is independent evid- 
ence, since it has been shown by Bodenstein, Harteck, and Padelt (loc. cit.) that chlorine 
dioxide and ozone react to give chlorine trioxide. In this way justification for the reactions 
(5) and (6) may be given, since the above processes are kinetically equivalent to ternary 
collisions. 

The scheme of reactions given above readily leads to the following kinetic expressions 
for the velocity of decomposition of ozone, and for the quantum yield. 

(1) With low oxygen, low chlorine and high ozone concentrations, when reaction (4) 
predominates as a chain-ending mechanism : 


— d[Og]/dt = 2Tavg. + 2/2 /hy - [Og] V Tate 
y = 24+ 2/2]hy . helOs]/VTars.- 


(2) With high oxygen or chlorine and low ozone concentrations, when reactions (5) 
and (6) predominate as chain-ending mechanisms : 


— d[Og] dt = ars. + Ahglare./(Re[O,] + hg[Cla]) 
y =2 + Ahe/(RelO,] + helCl,)) 


The second of these two expressions reduces in the limit to the simple results of Bonhoeffer 
and of Weigert (locc. cit.). Together they fulfil qualitatively all the requirements enumer- 
ated above, and are in agreement with the results of Allmand and Spinks. It is not 
possible, however, to apply any closer quantitative verification, because, except under 
limiting conditions, the experimental results necessarily lie in a region intermediate between 
the two expressions. 

The kinetics of the photosensitised decomposition of ozone, so far as the second 
expression above is concerned, are closely analogous to those of the decomposition of 
nitrogen trichloride photosensitised by chlorine (/oc. cit.). In both these cases the reaction 
is of zero order, while quantum efficiencies approach limiting values of 2 and are inde- 
pendent of absorbed light flux. There is, further, the resemblance that at the end of the 
reaction there occurs a marked acceleration. This is to be explained by the fact that, 
for the zero-order character of the reaction to be preserved, the product of the number of 
chains (nm) and the concentration of ozone or nitrogen trichloride must remain constant. 
Thus at the very end of the reactions, as the concentrations of ozone or nitrogen trichloride 
sink to zero, the value of m may rapidly become large. Under these conditions a semi- 
explosive effect may intervene by the rapid self-destruction of the chain carriers. 

Mechanism of Thermal Decomposition.—The mechanism described above differs from 
that suggested by Bodenstein, Padelt, and Schumacher (/oc. cit.) for the thermal decomposi- 
tion of ozone sensitised by chlorine, in which they regard the radical ClO, as a chain carrier. 
We have given our reasons for concluding that this radical does not act in this manner, 
and if valid, these reasons must also be applicable to the thermal decomposition. There 
seems no reason why our mechanism should not also apply to the thermal reaction, since 
it readily yields a kinetic result identical with that of Bodenstein, Padelt, and Schumacher 


(loc. cit.). 
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Thus, the reaction Cl, + O,——»> ClO + ClO,, followed by reactions (3), (2), (4), and 
ClO, + O, —> ClO, +. Og, gives for the velocity of decomposition of ozone 


— d[O,]/dt = const. x [Cl,]}#[0,]?. 


It was supposed by Schumacher and Wagner (Z. physikal. Chem., 1929, B, 5, 207) that 
the radical ClO could not act as a chain carrier since the quantum yield of the photosensitised 
reaction was believed not to exceed 2. This limitation is now removed, and the present 
scheme has the merit of combining in one explanation the mechanisms of both thermal and 
photochemical decompositions. 


SUMMARY. 


The decomposition of ozone, photosensitised by chlorine, has been investigated using 
light of wave-length 365 my at 25°. 

With low concentrations of ozone, the reaction is of zero order and has a chain 
mechanism. At high ozone and low chlorine concentrations, the rate of reaction is pro- 
portional to the square root of absorbed light flux, and chains are terminated mainly by 
self-neutralisation. 

With high concentrations of chlorine or oxygen, the rate is proportional to the first 
power of the absorbed light flux. This change in the kinetics is coupled with specific 
inhibiting effects of chlorine and oxygen which become apparent at high concentrations 
of these gases. 

Foreign gases have no effect on this reaction. 

Liquid chlorine trioxide (C10), separates as a by-product when the concentration of 
ozone and chlorine is high. This continues to decompose when the irradiation is discon- 
tinued. In circumstances such that the liquid oxide does not separate, the results are 
uniform and reproducible. 

An energetically possible scheme, involving the propagation of chains by chlorine atoms 
and ClO radicals, is suggested, and is shown to be in agreement with the present results and 
with those of earlier workers. 

The thermal reaction is discussed in its relation to this scheme. 


We are indebted to the Royal Society and the Chemical Society for grants for apparatus, to 
the Governing Body of Corpus Christi College for a Foundation Scholarship, and to the Depart- 
ment of Scientific and Industrial Research for a maintenance grant to one of us (G. H. J. N.). 
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413. Nucleus Formation on Crystals of Copper Sulphate 
Pentahydrate. 


By N. F. H. Bricut and W. E. GARNER. 


In an earlier communication (Garner, Gomm, and Hailes, J., 1933, 1393) it was suggested 
that the nuclei formed in the decomposition of barium azide, mercury fulminate, and other 
explosives do not increase in diameter at a uniform rate, especially in the early stages of 
growth. This was ascribed to the occurrence of irregularities in the space lattices of the 
crystals (Smekal cracks) which caused the growth of the nuclei to follow a branching 
mechanism. With.the aid of this hypothesis, it was possible to account quantitatively for 
the acceleration of the rate of decomposition which sets in at the end of the induction periods. 

There are two factors which determine the character of an induction period in solid 
reactions, viz., (1) the rate of formation of nuclei and (2) their rate of growth when formed. 
These two factors are difficult to separate in experiments in which only pressure changes 
are measured, and no attempts have been made hitherto to determine experimentally the 
respective parts played by them in the early stages of solid reactions. In many solid re- 
actions the nuclei formed are too numerous for it to be possible to make accurate counts, 
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and in only one case investigated by us, viz., barium azide, are the nuclei of suitable size and 
number for measurement. Unfortunately, in this case the barium azide was a pseudo- 
morph of the monohydrate and hence it was full of minute cracks which would of necessity 
lead to a branching nuclear growth. This example was therefore unsuitable for the purpose 
in view, viz., the study of the rate of formation of nuclei and their rate of growth in a 
supposedly homogeneous crystal lattice. 

The dehydration of copper sulphate is a very convenient example for study, since large 
crystals can easily be obtained and nuclei are formed at measurable rates at room temper- 
ature. Also, much experimental work has been carried out on this dehydration. The 
induction period has long been known to exist (Rae, J., 1916, 109, 1229; Crowther and 
Coutts, Proc. Roy. Soc., 1924, 106, A, 215), and has been assumed to be due to the slow rate 
of formation of the interface at which dehydration occurs. Measurements of the rate of 
progression of the interface into the crystal have been made over a range of temperatures 
by Garner and Tanner (J., 1930, 47), Smith and Topley (Proc. Roy. Soc., 1931, A, 134, 
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224), and Hume and Colvin (ibid., 182, 548), and the shape of the nuclei has been qualita- 
tively studied by Kohlschiitter and Liithi (Helv. Chim. Acta, 1930, 18, 988). 

In the present investigation, single crystals of copper sulphate pentahydrate have 
been dehydrated in a hard vacuum, and visual and photographic counts made of the rate of 
nucleus formation at temperatures between 10° and 40°. Also, the rates of growth of the 
nuclei have been measured, and the temperature coefficients of these rates approximately 
evaluated. The rate of formation of nuclei is shown for typical experiments in Fig. 1, 
from which it is clear that there is an induction period in the rate at which visible nuclei 
(10° cm. in size) make their appearance. It was not found possible to prepare crystal 
surfaces so as to obtain reproducible counts from one crystal to another, and even on a 
single crystal the density of the nuclei is rarely uniform, but the length of the induction 
period was fairly reproducible. After the induction period, the number of nuclei present 
increases linearly with time. The phenomena observed during the induction period depend 
on the state of perfection of the surface. In a few experiments, no nuclei were observed 
during the induction period, but in the majority of cases a few nuclei became visible at the 
first reading made. The number of these nuclei remained constant for a time and then 
increased gradually until the linear portion of the curve was reached. The nuclei which 
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make their appearance during the induction period are believed to owe their origin to the 
presence of foreign particles on the surface of the crystal. Dust particles 10-°—10~ cm. 
in size would account for the phenomena observed. The induction period decreases with 
increase in temperature (Fig. 1) and the plot of the log of its duration against 1/T (T = 
absolute temperature) gives a straight line (Fig. 3, I) from which a critical increment of 
16 kg.-cals. may be evaluated. The scattering of the points about this line is probably 
due to differences in the fine structure (Smekal cracks) of the crystals. 

The nuclei are not spheres, as has been frequently assumed, but are star-shaped with two 
main directions of growth on the (110) face of the crystal. These are parallel to the crystal 
edges of this face [cf. Plate I, where photographs are shown of nuclei on the (110) face], 
the longer horn being parallel to the c-axis. Growth in the two directions commences at 
practically the same time, as can be seen from Fig. 2, where the rates of growth of the two 
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horns are plotted against the time. The horns are present on nuclei 10 cm. long, and 
probably commence to grow when the nuclei are much smaller than this. 

The production of a star-shaped figure is a matter of interest, for it indicates that 
something abnormal is occurring. Growth predominantly in one direction is encountered 
in the decomposition of ammonium dichromate, and the nuclei in this case are needle- 
shaped. Growth in two directions so as to give a cross would at first thought be regarded 
as improbable, for growth in any one direction across the lattice is bound to open up lines 
of attack along the other. From the geometry of the matter it can be readily shown that, 
given two predominant directions of growth, the nuclei should not be star-shaped but 
rhombic in outline. The formation of the star might be due to an acceleration of the rate 
of reaction along the two axes of the star due to the setting up of strains which are not 
present in other directions. An alternative explanation would be that the growth is in- 
hibited in all directions but those of the axes of the star. Such an inhibition might be 
associated with a particular orientation of the molecules of the monohydrate in the interface. 

There is a third direction of growth into the interior of the crystal which has an elliptical 





(i) 18°. (ii) 16°. 0-5 mm. 


(iii) 18°. 0-25 mm. (iv) 30°. 0:25 mm. 


[To face p. 1874. 
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outline. This is a thin disc which penetrates the crystal at an angle of approximately 
56° to the (110) face (Plate I, ii). It is attached to the longer of the two arms of the star. 
There is no evidence from the photographs that a similar growth occurs from the shorter 
arm. The interface between the pentahydrate and the monohydrate is thus very irregular, 
and this is possibly the reason for the hundred-fold discrepancy found between the rate 
calculated from nve~“'2? and from the experimental rate (cf. Topley, Proc. Roy. Soc., 1932, 
136, A, 413). 

The star-shaped figure becomes less distinct with rise in temperature, and the third 
direction of growth becomes more prominent (Plate I, iv). 

The rates of growth of the two horns of the nuclei, although fairly constant on the same 
crystal, show considerable variations on different crystals at the same temperature, so 
the critical increment of the rate of growth cannot be evaluated with any accuracy. These 
variations are ascribed to differences in the Smekal crack structure of the crystals prepared 
under slightly different conditions. The results for the different crystals are plotted in Fig. 
3, II, and it is seen that, if the result at 40° be ignored, the slope is of the same order as that 
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for the induction period. The rates of growth of the two horns are very similar, in order 
of magnitude, to the rate of penetration of the interface into the interior deduced from 
measurements of the rates of dehydration (see p. 1877). 

The Significance of the Induction Period.—The rate of growth of the nuclei is linear 
between 10° and 5 x 10° cm., and if it be assumed that this relation is valid down to the 
origin of the nucleus, then we must conclude that there is an induction period before the 
nuclei commence to form. For instance, at 10-5° no nuclei are formed until after 200 min- 
utes. Another interpretation is possible, however. If nuclei are formed on the surface 
at centres where the lattice is disorganised,* then the rate of formation of nuclei should be 
given by kNe~*/87, where k is a constant, N the number of centres predisposed to nucleus 
formation, and E the energy necessary to start a nucleus. At constant temperature, the 
rate of centre formation should obey a unimolecular law, and if the rate for formation of 
nuclei be only a small fraction of the total number of active centres, then the number of 
nuclei will increase linearly with the time. In the latter event, if the nuclei grow at a 
constant rate, the number of visible nuclei (10 cm.) should be represented by a straight 
line which passes very nearly through the origin. If, however, the rate of growth of the 
nuclei is very slow when they are very small, then this straight line would be shifted along 
the time axis, giving an apparent induction period as observed in Fig. 1. On this hypo- 


* In one experiment at 20°, only five centres were formed in 400 minutes, indicating that on a perfect 
crystal no nuclei would be formed at all under the conditions of our experiments. 
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thesis, the length of the induction period is determined by the time taken by the nuclei 
which are started at zero time to grow to visible size. 

The rate of growth of the nuclei is linear down to 10% cm. Now, the mosaic structure 
of crystals is variously estimated as being between 10“ and 5 x 10 cm. (cf. Taylor, 
Proc. Roy. Soc., 1934, A, 145, 391), and a micro-structure possessed by the nuclei is also of 
this order. If the slow rate of growth of the nuclei when first formed were due to a branch- 
ing type of growth occurring around the ‘surfaces of misfit ’’ of the lattice, it would not be 
expected that the rate of growth would be normal at 10% cm. Hence, it is somewhat 
doubtful whether or not the cause of the induction period is related to the mosaic structure ; 
it is not unlikely that it is to be sought earlier in the nuclear growth. 

The critical increment of the induction period is low and of the same order as that of the 
rate of growth of the nuclei above 10% cm. It is therefore likely that the mechanism by 
which growth occurs is the same during and after the induction period. A type of growth 
which would be in accord with this condition is that of a diffuse branching mechanism 
composed of units smaller than 10~, the process being governed by the equation dN /dt — 
kN, where N is the number of units dehydrated at any time (cf. Garner and Hailes, Proc. 
Roy. Soc., 1933, A, 139, 576). 

The investigation has confirmed the previous conclusion, viz., that the induction period 
in solid reactions is mainly due to the slow rate of growth of the nuclei when they are very 
small, and that effects due to the increase in the number and area of the nuclei are of second- 
ary importance. There is, however, much uncertainty as to the cause of the slow rate of 
growth. 

EXPERIMENTAL. 


A saturated solution at about 35° of Kahlbaum’s “ Puriss.”’ copper sulphate pentahydrate 
in conductivity water was protected from dust, and allowed to evaporate slowly in the air at 
room temperature. Crystals were used whose (110) faces were 4—}’’ long and }” wide, and 
which were free as far as possible from irregularities, scratches, steps on the surface, etc. These 
were dried very carefully with very soft filter-paper and placed in the support shown in Fig. 
4, iii. Any fibres left on the surface invariably started nuclei. 

The apparatus (Fig. 4) consisted of a well-lagged double-walled vessel, internal diameter 
7 cm., with three windows (shown in cross-section). The crystal was suspended from the glass 
hook and observed through the central window, illumination of the crystal being effected through 
the two side windows by means of Pointolite lamps. Two water cells, 2 mm. in thickness, were 
placed in front of the side windows to cut off the heat rays. The reaction vessel was evacuated ~ 
through two U tubes which were surrounded by solid carbon dioxide and alcohol. The wide 
tubing used enabled a high vacuum to be obtained in the reaction vessel within a minute or iwo. 
The temperature of this vessel was maintained constant by pumping water from a thermostat 
around the annular space (Fig. 4). 

The surface of the crystal was observed through the central window by means of a Winkel 
cathetometer, and this could be fitted with a Zeiss Kolibri Phoku camera when photographs 
were to be taken. In order to reduce the reflected light which came from the back of the crystal, 
a cell containing a solution of methyl-orange was used as a screen between the cathetometer and 
the reaction vessel. Sixteen photographs, 3 x 4cm., could be taken on one film. The time 
interval between the photographs was varied according to the temperature at which the dehydr- 
ation was carried out. 

Counts were made both visually and on the photographic films, results by both methods 
being in good agreement. The measurement of the rate of growth of the centres was made 
from the films. In addition, photographs of the nuclei were made immediately after an experi- 
ment by means of a high-power microscope. 

No evidence was found in favour of the view that corner and edge molecules could be pre- 
ferentially dehydrated to form nuclei: sometimes the edges would be attacked and sometimes 
not. Perfect crystals probably do not form nuclei under the conditions of our experiments 
within 3—4 hours. 

Induction Period.—The induction period was obtained from the plots of the number of 
nuclei against the time in the manner shown in Fig. 1. The duration of this period varied from 
40 minutes at 30° to 230 minutes at 10-5°. All the experimental results are shown in Fig. 3, I. 
That marked with a cross was an abnormal result which gave a very short induction period. 
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This is probably a crystal with an unusually large amount of contamination of the surface. 
The critical increment of the induction period is 16 kg.-cals., and this is to be compared with the 
value 18-25 kg.-cals. obtained by Smith and Topley (/oc. cit.) for the critical increment of the 
dehydration process. 

Rate of Growth of the Centres.—The average values are given in the following table, r, and 
vy, being the rates (in cm./min. x 10‘) for the principal and the secondary horn respectively ; 
the results for the former are plotted in Fig. 3, II. The distances measured are those from tip to 
tip of the star. 

Temp. 17;. Yo. 11 /"2- Temp. 174. 1s. 11/12. Temp. 14. 19. 11/12. 
99° 0-93 0°69 1°35 20°0° 2°74 —_ _ 30°0° 468 4:15 1°13 

13°0 1°53 1:27 1-21 25°0 2°81 2°46 1:16 5°69 4°89 1:16 

180 3:17 — — 3°49 2°92 1:20 40°1 590 = 517 114 

Average 1°19 

The rate of loss of water at 20° from one sq. cm. of interface has been measured previously, 
and the results of the various authors, 
in mg./cm.?/min., are as follows: Garner 
and Tanner, 0-025; Hume and Colvin, 
0-027; Smith and Topley, 0-021. From 
these values the rate of penetration of 
the interface into the interior of the 
crystal may be calculated. The mean 
value is 2-9 x 10-*cm./min. The values 
obtained at 20° for the rate of growth 
over the surface show that this is about 
one-half of that into the interior of the 
crystal when the interface has covered 
its surface. 

Photographs of the Nuclei.—These are 
shown in Plate I; (i) was taken by 
transmitted light and the remainder by 
reflected light. The surface which pene- 
trates the crystal is so thin that it is 
not always possible to photograph it 
satisfactorily. It is, however, well shown 
in (ii), The manner in which the nuclei 
cover the surface is illustrated in (iii), 
and the rather irregular nuclei with a 
well-marked third direction of growth 
obtained at 30° are shown in (iv). The 
actual sizes of the nuclei are indicated 
on the plate. 
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SUMMARY 


The nucleation of copper sulphate 
pentahydrate has been studied in high 
vacuum, and counts made of the in- 
crease in number of the nuclei with time on the (110) face. An induction period in nucleus 
formation is observed, indicating that the nuclei when small do not grow at a uniform rate. 
This is in agreement with the conclusions drawn from the rate of decomposition of solids. 

The nuclei are star-shaped with two main directions of growth on this face, and there is 
a third direction of growth at an angle of approximately 56° to the (110) face. The rates 
of growth of the nuclei are of the same order as that of the rate of penetration of the interface 
into the interior of the crystal as deduced from measurements of loss of weight on dehydration. 

The critical increment of the induction period is 16 kg.-cals. 
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414. Studies in Electrolytic Oxidation. Part VI. The Anodic Oxid- 
ation of Acetates: The Mechanism of the Kolbe and the Hofer- 
Moest Reaction in Aqueous Solution. 


By S. GLAsSsTONE and A. HICKLING. 


In recent years two theories of the mechanism of the formation of ethane at the anode in 
the electrolysis of acetate solutions have been maintained. Brown and Walker’s original 
theory (Annalen, 1891, 261, 107) that the process consisted in the discharge of two acetate 
ions, followed by interaction of the radicals, 2CH,*CO,’ = 2CH,°CO, + 2e, 2CH,°CO, = 
C,H, + 2CO,, has been particularly supported, although with some qualification, by 
Walker and his co-workers (see, ¢.g., Fairweather and Walker, J., 1926, 3111; Walker 
J., 1928, 2040; Shukla and Walker, Trans. Faraday Soc., 1931, 27, 35, 722; 1932, 28, 
457), whereas the view that the reaction is a chemical one has been urged, mainly by 
Fichter and his associates (e.g., Trans. Amer. Electrochem. Soc., 1924, 45, 131; J. Soc. 
Chem. Ind., 1929, 48, 347; see also Gibson, J., 1925, 127, 475), who consider that oxidation 
by active oxygen leads to acetyl peroxide, which then decomposes with the formation of 
the characteristic electrolytic products. Both theories are inadequate in that they fail 
to account for the predominating influence of the nature of the anode material on the 
formation of ethane in aqueous solution, and for the supersession of the Kolbe synthesis 
by the Hofer—Moest reaction (Annalen, 1902, 323, 284), 7.e., formation of methyl alcohol, 
under certain conditions; nor will the theories account for observations described in the 
present work. 

In view of the success of the theory developed in the preceding parts of this series 
(J., 1932, 2345, 2800; 1933, 829; this vol., p. 10) in accounting for electrolytic oxidation 
phenomena, the action of catalysts for hydrogen peroxide decomposition upon the Kolbe 
reaction has now been investigated. The electrolysis of acetates and of acetic acid has 
been studied with smooth and platinised platinum, gold, nickel, and carbon anodes under a 


variety of conditions, and the results used to throw light on the mechanisms of the reactions 
involving the anodic formation of ethane and methyl alcohol. 


EXPERIMENTAL, 


The electrolytic apparatus used differed from that employed by previous workers. It 
consisted of a cylindrical glass jar (8 cm. diam. and 10 cm. high) fitted with a rubber stopper 
through which passed a thermometer, a glass stirrer, a tube attached to a glass reservoir for 
electrolyte, a filter ‘‘ candle ’” forming the cathode compartment, a gas-delivery tube with tap, 
and a wide tube to take a separate rubber stopper carrying the anode. The spindle of the 
stirrer (30 cm. long) was surrounded by a closely fitting glass tube, so that the liquid in the cell 
acted as a seal and prevented the escape of gas. The capacity of the jar and associated reservoir 
was about 500 c.c. The gas-delivery tube led to a nitrometer, used for measuring the volume 
of the gas evolved. The anode was, in general, a smooth platinum spiral of 2 sq. cm. area, 
and pressed closely to it was a siphon leading to a calomel cell. Previous to use, the anode 
was cleaned with concentrated hydrochloric acid, warm concentrated nitric acid, water, heated 
to redness, and conditioned as described previously (J., 1932, 2347). The cathode was a short 
platinum wire, and the catholyte was, in general, the same as the anolyte; the cathode gas was 
not collected. The anolyte was introduced through the glass reservoir, and at the beginning 
of each electrolysis the jar was completely filled with solution. After electrolysis the gas evolved 
was displaced into the nitrometer filled with mercury, and its volume measured. Unless 
otherwise stated,,.the electrolyte was stirred vigorously during electrolysis by the glass stirrer 
rotating at 660 r.p.m. Prior to electrolysis, the solution was saturated by passage of carbon 
dioxide for 1 hour, and a preliminary electrolysis of 300 coulombs was then carried out and the 
gas rejected. The sample for analysis was usually collected during the passage of 130 coulombs, 
and after its volume had been measured in the nitrometer, it was transferred to a Bone—Newitt 
apparatus for analysis. All electrolyses were carried out at room temperature, i.e., about 20°. 

A complete gas analysis was carried out in almost all cases : carbon dioxide was absorbed by 
potassium hydroxide, oxygen by alkaline pyrogallol, ethylene by bromine in potassium bromide 
solution, carbon monoxide by ammoniacal cuprous chloride, hydrogen by colloidal palladium 
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in sodium picrate solution at 60° (see Beet, Fuel, 1928, 7, 44), and methane and ethane were 
finally determined by explosion with excess oxygen. The last estimation was shown by 
MacGillivray to be accurate provided certain precautions are observed (J., 1932, 941), and 
experience in the present work entirely confirms this. 

The results of the electrolyses are expressed as current efficiencies of ethane formation, 
calculated from the volume of gas evolved and its determined ethane content; where there is 
any particular feature of interest the analysis of the gas is also given. Some workers have 
relied upon the analysis of the gas alone for illustrating their results, but this is by no means 
satisfactory. Fluctuations in the amount of carbon dioxide frequently occur owing to the 
difficulty of maintaining constant saturation of the electrolyte with this gas, and so there are 
corresponding changes in the ethane content of the gas analysed; the current efficiency of 
ethane formation is, however, independent of this factor and is reproducible. Since the form- 
ation of ethane is accompanied by much more carbon dioxide than can arise for an equal quantity 
of electricity in any other oxidation process, a considerable fall in efficiency of ethane production 
may appear as only a small change in the analytical figures; this is a further disadvantage of the 
use of the gas analysis as sole guide in the study of the oxidation. 


Results. 


General Factors.—To determine the effect of duration of electrolysis and to investigate the 
reproducibility of the results, a solution of N-potassium acetate and N-acetic acid was 
electrolysed at a C.D. of 0-25 amp./sq. cm., samples being collected after the passage of 300, 
1330, and 2360 coulombs. In two sets of experiments the following results were obtained 
for the efficiency of ethane formation: (1) 89, 90, 88; (2) 89, 91, 89%. It is seen that if other 
factors remain constant, duration of electrolysis itself has no influence on the efficiency. The 
results are in general reproducible to 1—2%. 

The effect of variation of C.D. is shown by the following data obtained for the electrolysis 
of N-potassium acetate and N-acetic acid : 

C.D., amp./sq. cm ; 0°25 0°05 0°025 0°005 
Efficiency, % 89 77 71 52 
The results produced by change of concentration of acetate are illustrated below, the C.D. 
being 0-05 amp. /sq. cm. 
KOAc, N 2 1 0°5 0- 
HOAc, N 2 1 0°5 0- 
Efficiency, % 77 77 64 44 
In confirmation of the results of previous workers, it is seen that decrease of C.D. or of acetate 
concentration below certain values results in a rapid decrease of the efficiency of ethane 
formation. 

The effect of varying the proportions of potassium acetate and acetic acid while the total 

acetate concentration is kept constant is shown below, a C.D. of 0-05 amp. /sq. cm. being used. 
1°5 1:0 0°5 0 
0°5 10 15 2 
. 70 77 74 71 
It is seen that a maximum efficiency is obtained with an electrolyte consisting of equimolar 
parts of the salt and acid, but that this maximum is rather flat. 

In all the experiments the gas evolved was mainly carbon dioxide and ethane, with small 
amounts of methane (0-4—4-0%) and oxygen (0-5—1-2%), and traces of ethylene, carbon 
monoxide, and hydrogen. 

Influence of Catalysts for Hydrogen Peroxide Decomposition.—The catalysts were introduced 
in the form of metallic acetates into a potassium acetate and acetic acid electrolyte, so that the 
resulting solution was N with respect to acetate and N with respect to acetic acid. Two sets 
of experiments were carried out with C.D.’s of 0-025 and 0-25 amp. /sq. cm. severally. In some 
cases the gas samples had to be collected during the passage of 300 instead of 130 coulombs in 
order to obtain sufficient gas for manipulation. Some solid catalysts were also used: the 
manganese dioxide and cobaltic oxide were introduced as fine powders; they dissolved very 
slightly in the electrolyte. The silver was prepared by precipitation with zinc; it did not 
dissolve in the acetate mixture. The animal charcoal was purified and activated by the method 
of Firth and Watson (Trans. Faraday Soc., 1924, 20, 370). 2G. of each of these solid catalysts 
were introduced into 500 c.c. of electrolyte. The efficiencies and analyses are given in Table I. 


1 
1 
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TABLE I. 


Effect of Catalysts for Hydrogen Peroxide Decomposition. 


Efficiency, Analysis of gas, %. 
%, for 7 —— 
Catalyst. ethane. CO,. O,. C,Hy,. co. : C,H. 
: C.D., 0°025 amp. /sq. cm. 
(None) 71 67°7 0°6 0-4 0-4 : 29°4 
Mn 0°010M 10 86°9 1°5 0-2 0°5 x 73 
0:002M 52 75°8 0°5 0-2 03 , 20°9 
Pb 0:001M 75°8 22°6 _— —_ 0°3 
Ag 0°020M 81-2 17°4 — —_ 0-4 
0-001M 73°3 22°8 — — 2°6 
Cu 0°05M 84:4 3°4 10°1 
Co 0°05M | 70°9 16°3 10°1 
Fe 0:02M i 779 0°3 19°6 
MnO, 73°9 0°7 24°3 
Co,0, 73°9 0°6 23:1 
Ag 65:1 oe 31-1 
Cc 74:0 0°5 23°1 
C.D., 0°25 
(None) ° { 66-0 0°6 
Mn 0°10M 71:7 15°8 
0-05M 83°4 6°0 
0-01M 74:3 0°6 
0:010M 69°8 25°8 
0:001M 59 74:1 0°8 
0:02M 2 60°9 35°5 
0°10M 33 811 1:2 
0°05M 55 75°1 0°6 
0°10M 61 75°7 0°6 
0°05M 72 68°3 0-2 
Fe 0°02M 77 70:0 0-4 
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It is seen that, in the presence of catalysts for hydrogen peroxide decomposition, ethane 
formation is greatly decreased and in some cases entirely inhibited. The effects are particularly 
marked at the lower C.D. The solid catalysts do not appear to have such great effects as those 
introduced as metallic salts. In general, the catalysts increase the carbon dioxide content of 
the gas evolved; sometimes the amount of oxygen is also raised, particularly in the presence 
of lead and silver salts. The amount of carbon monoxide is also often increased slightly, and 
it is of interest that the methane/ethane ratio is frequently increased. 

Since these catalysts decrease the efficiency of ethane formation, it becomes of interest to 
identify the products of the oxidation. This can best be done by determining the quantity of 
electricity used in producing the carbon dioxide, other than that accompanying the ethane 
formation. If the alternative to the Kolbe reaction is complete oxidation of the acetic acid to 
carbon dioxide and water, CH,°CO,H + 40 = 2CO, + 2H,0, each mol. of this gas will be 
produced at the expense of 4 faradays of electricity; if the oxidation is not complete, but leads 
to formation of some other organic product, less than 4 faradays will be required. If % is the 
°%, of carbon dioxide in the electrolytic gas after the deduction of the amount accompanying 
the Kolbe formation of ethane, v is the total volume of gas at N.T.P., Q is the quantity of 
electricity passed in coulombs, and E is the efficiency of formation of ethane and oxygen, 
then the number of faradays used in the production of 1 mol. of carbon dioxide by alternative 
oxidation is given by » = (100 — E)Q2240/9654ux. The values of m in a number of reliable 
cases, in which both the amounts of ethane and oxygen are small, are included in Table I; 
it is seen that, in general, approximately 2 faradays are required for the production of each 
mol. of carbon dioxide. This result suggests that the process CH,-CO,H + O = CH,°OH + CO, 
is occurring in place of the Kolbe reaction, and so methyl alcohol should be present after 
electrolysis. In order to detect this substance, it is necessary to electrolyse the solution for an 
appreciable time, and then further oxidation tends to reduce the total amount formed. From 
the work of Hofer and Moest (loc. cit.), it appeared that the methyl alcohol was most likely 
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to be obtained in quantity by using a rapidly rotating gauze anode, and an electrode of this 
type, 50 sq. cm. in area, was employed with a current of 2-5 amp.; 400 c.c. of electrolyte were 
used, and the current passed for 100 minutes. After electrolysis, the solution was made alkaline 
with sodium carbonate, 100 c.c. were distilled off, and the methyl alcohol in the distillate 
estimated colorimetrically by Wright’s method (Ind. Eng. Chem., 1927, 19, 750). With a 
solution containing N-acetic acid, N-potassium acetate, and 0-02M-manganese, the yield of 
alcohol was 0-4 g., corresponding to a current efficiency of 16%, whereas in a control experiment 
in which no manganese salt was present, the efficiency was 3%. 

Effect of Catalysts for Hydrogen Peroxide Decomposition on Methane Formation.—Shukla and 
Walker (/oc. cit., 1931) showed that methane generally occurs in the gas from the electrolysis of 
acetate solutions, and the amount increases as the C.D. is lowered and the concentration of 
acetate increased. Observations in the present work confirm this. From the gas analyses for 
electrolysis in the presence of catalysts for hydrogen peroxide decomposition, it may be seen 
that the action of these substances is frequently to raise the methane/ethane ratio, although 
the total hydrocarbon is considerably decreased. To establish this more definitely, a solution 
of 4N-potassium acetate and 4N-acetic acid was electrolysed at a C.D. of 0-0025 amp. /sq. cm., 
and then the experiment was repeated in the presence of 0-001M-lead acetate; the results are 
given below : 

ew. Analysis of gas, %. 
6, for ~ 
ethane. CO,. ~. 2 oe 2 Ca oe 
No catalyst 17 82°6 03 0-2 0°5 01 10°2 5:2 
0°001M-Pb 3 82-2 3°5 0-2 0:2 0-1 671 5°5 





The result is as expected, the methane /ethane ratio in the first case being 0-51, and in the second 
0-90. 

Influence of Cations not Catalytically Active.—In order to determine the influence of cations 
other than those known to have a definite catalytic effect on the decomposition of hydrogen 
peroxide, a number of metallic acetate solutions were electrolysed in the presence of acetic 
acid. With the exception of uranyl acetate, for which both the salt and free acid were 0-2N 
and the C.D. 0-125 amp./sq. cm., the solutions were all N with respect to both the metallic 
acetate and acetic acid; the C.D. used was 0-25 amp./sq. cm., and the following current 
efficiencies for the formation of ethane were obtained : 

Cation ’ K* NH, Ca” Sr” Ba”® Mg” Zn” Ni” UO," 
Efficiency, % 89 86 85 82 75 79 71 74 78 
The Kolbe reaction takes place in each case with high efficiency, and the difference in behaviour 
between nickel acetate on the one hand and cobalt acetate (Table I) on the other is very striking. 

Influence of Nature of Anode Material.—Foerster and Piguet (Z. Elektrochem., 1904, 10, 
729) showed that platinised platinum gave little ethane in the electrolysis of acetate solutions, 
and this was confirmed by many subsequent workers. If the low yield is due to catalytic 
decomposition of hydrogen peroxide by the anode material, it should be possible by poisoning the 
platinum to increase the amount of ethane obtained. The following current efficiencies were 
obtained in the electrolysis of a solution of N-potassium acetate and N-acetic acid with a 
platinised platinum anode at an apparent C.D. of 0-25 amp./sq. cm. in the presence of 0-1M- 
mercuric cyanide, 0-1M-potassium cyanide, and 0-1M-sodium fluoride. 


Hg(CN), KCN NaF 
14 


Efficiency, % 13 10 


A more marked effect on the Kolbe synthesis was observed when 0-01M-mercuric chloride was 
added to the platinising solution used for blackening the anode; the resulting electrode gave a 
current efficiency of 42% for the production of ethane, as compared with 3% for an electrode 
prepared under exactly the same conditions but in the absence of mercuric chloride. The gas 
evolved in electrolysis with a platinised anode normally contained a considerable proportion 
of oxygen, but where the efficiency of ethane formation was increased by the addition of a 
poison the amount of oxygen was diminished, as the following results show : 


Analysis of gas, %. 


co. H,. 
2-6 0-1 





No poison 5 
0°1M-Hg(CN), . ; ; 2°4 03 
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Foerster and Piguet (loc. cit.) also noted that anodic pre-polarisation favoured the formation 
of ethane, and this effect, which is of importance in connexion with the theory that hydrogen 
peroxide plays an essential part in many anodic oxidations, has been verified. A platinised 
platinum electrode was polarised anodically for 30 minutes in 2N-sodium hydroxide with a 
C.D. of 0-25 amp./sq. cm., and then used as anode in a 4N-potassium acetate solution at the 
same C.D.; the current efficiency of ethane formation was 36%, whereas a similar electrode 
which had been cathodically polarised for 17 hours at 0-125 amp. /sq. cm. in 2N-sodium hydroxide 
gave an efficiency of only 3% in the same acetate solution. 

Experiments were also carried out with gold, nickel, graphite, and arc-carbon anodes, the 
superficial area in each case being 2 sq. cm. as before; prior to use, the gold and nickel electrodes 
were cleaned with concentrated hydrochloric acid and water, and the carbon anodes with water 
alone. N-Potassium acetate and N-acetic acid was used as electrolyte and the C.D. was 0-25 
amp./sq.cm. The current efficiencies of ethane formation are given below : 


Electrode Ni Graphite Arc C 

Efficiency, % 0 + 21 
The gas evolved with the gold and the nickel anode was mainly carbon dioxide and oxygen, 
whilst the graphite electrode gave chiefly carbon dioxide with a moderate amount of oxygen. 
The fair efficiency with the arc-carbon anode confirms Shukla and Walker’s observation (loc. 
cit., 1932), but the soft graphite anode which disintegrated considerably during the electrolysis 
gave a low efficiency, showing that the state of division of the carbon is important. During 
electrolysis the gold anode became covered with a brownish-black deposit consisting of gold 
oxide and finely divided metal, and this was found to bring about a vigorous decomposition of 
hydrogen peroxide. After use in the electrolysis of dilute sodium hydroxide or in an acetate 
solution, a nickel anode was observed to be covered with a black deposit, probably nickel 
peroxide, and on its being introduced into hydrogen peroxide solution there was a vigorous 
momentary evolution of gas. A specimen of nickel peroxide was prepared by the method of 
Chirnoaga (J., 1926, 1698) and this reacted vigorously with hydrogen peroxide, evolving oxygen ; 
the reaction is not catalytic, but a mutual reduction, and ceases when the nickel peroxide is 
reduced. It may be noted that the lower oxides of nickel do not decompose hydrogen peroxide 
appreciably; consequently, when the potential remains below that at which the peroxide can 
be formed, electrolytic processes may be carried out efficiently at a nickel anode (see J., 1932, 
2804; 1933, 833). 

Electrolysis of Acetic Acid Solutions in the Presence of Foreign Anions.—It was formerly 
believed that a solution of acetic acid itself did not give the Kolbe synthesis, but Matsui and 
Kizaki (Mem. Coll. Sci. Ky to, 1933, 16, A, 297) showed that ethane could be obtained with high 
efficiency in the absence of foreign anions; on the addition of an indifferent strong electrolyte 
such as potassium sulphate, however, the formation of ethane was inhibited. Their experiments 
were not very extensive and the results were in many cases complicated by change of py value 
of the solution and by oxidation of the added anion. A series of experiments has therefore 
been carried out in the present work; 2N-acetic acid and a C.D. of 0-05 amp./sq. cm. with the 
smooth platinum anode were employed, and the anion was introduced as potassium salt so as 
to make the solution 0-01N in each case. The natures of the salts added were such that the pq 
of the acetic acid was not altered appreciably by the addition, nor was oxidation of the added 
anion likely to take place. The results are given in Table II; for reasons which will appear 


TABLE II. 
Effect of Anions on the Electrolysis of Acetic Acid. 
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later, the mobilities of the anions (/) and the number of faradays (m) required to produce 1 mol. 
of carbon dioxide, apart from that formed in the Kolbe reaction, are also included. The 
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addition of a weak electrolyte such as boric acid was found to have no effect on the Kolbe 
reaction; ¢.g., with a solution of 2N-acetic acid and 0-01M-boric acid, the efficiency of ethane 
formation was 72%. In the presence of potassium acetate the effect of the anions was small 
unless they were present in considerable concentration : for instance, with N-potassium acetate, 
N-acetic acid, and a C.D. of 0-05 amp./sq. cm. the efficiency of ethane formation was reduced 
from 77 to 42% by the presence of 0-2N-potassium sulphate. 

Measurement of Electrode Potentials.—Although anode-potential measurements were made 
systematically during the course of the experiments described, it was thought that, owing 
to the possibility of there being a considerable resistance error with the large currents employed, 
the results could not be used as evidence. A number of measurements was, therefore, made 
independently by means of the commutator-extrapolation method (Glasstone, J., 1923, 123, 
2926; 1927, 642); the rate of fall of potential after switching off the current was so great that 
accurate extrapolation was impossible, but the curves in Figs. 1 and 2 show the general tendencies 
which were quite marked. More reproducible values were obtained by starting with a high 
C.D. and reducing it in steps than by working in the reverse direction, but the results were of 
the same type in each case. At low C.D.’s and with very small increments of current, breaks 
were found in the C.D.—potential curves, as noted by Shukla and Walker (Trans. Faraday Soc., 
1931, 27, 722). Observations were made in a solution of N-potassium acetate and N-acetic 
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acid alone, and in one which contained in addition 0-02M-manganese, and in a citrate solution 
of the same fy (Fig. 1); a 2N-acetic acid solution and one to which potassium sulphate was 
added were also studied, the potential in the latter case being definitely lower than in the 
former. In Fig. 2 are given the results for 2N-potassium acetate solution containing in addition 
either 0-01N-sodium hydroxide or N-potassium carbonate, the solutions having py ca. 12; 
the potentials in 0-01N-sodium hydroxide alone are also included, The C.D.—potential curve 
for N-potassium carbonate is almost identical with that for the carbonate—acetate solution. 
Measurements were made in 2N-potassium acetate alone and in the same solution with 0-1N- 
ammonium hydroxide, but the results were so close to those for the electrolyte containing 
0-01N-sodium hydroxide, especially at the higher C.D.’s, that the curves are not included; 
the potentials in 0-1N-ammonium hydroxide solution alone were also very similar to those in the 
0-01N-sodium hydroxide. 

Chemical Oxidation of Acetic Acid and Acetates.—Hydrogen peroxide is known to act on 
various acetyl compounds with the production of acetyl peroxide (Baeyer and Villiger, Ber., 
1900, 38, 1575), and the controlled decomposition of this substance, under suitable conditions, 
can give products qualitatively similar to those obtained in the Kolbe reaction (Walker, J., 
1928, 2040). According to Schiitzenberger (Compt. rend., 1865, 61, 487), barium peroxide, 
which may be regarded as a substituted hydrogen peroxide, reacts with “‘l’acide acétique 
anhydre ”’ to give a gas containing 2 vols. of carbon dioxide to 1 vol. of ethane, i.e., identical 
with the gas obtained by complete Kolbe synthesis. Attempts to repeat this observation failed 
(see Glasstone and Hickling, Chem. and Ind., 1934, 53, 512); in one case a gas having the 
composition CO,, 65-9; O,, 6-1; CO, 1-6; CH,, 12-0; C,H,, 6-1%, was obtained, but this result 
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could not be repeated. By heating concentrated hydrogen peroxide with acetate solutions under 
various conditions, very small amounts of ethane and methane were sometimes obtained, but 
the gas consisted mainly of oxygen and a little carbon dioxide. 

Gordon (J. Physical Chem., 1914, 18, 55) investigated the action of persulphates on acetate 
and obtained some hydrocarbons, but these were mainly either methane or a little ethane 
accompanied by olefins. A study of his results indicated that ethane was more likely to be 
obtained by the use of dilute acetate and concentrated persulphate solutions: 30 g. of sodium 
persulphate (93% Na,S,O,) were mixed with 75 c.c. of a 0-1N-acetic acid and 0-1N-potassium 
acetate solution in a small flask, and the mixture heated to 85°; the gas evolved was collected 
and analysed. Experiments were also carried out in the presence of manganese and cobalt 
salts as catalysts for hydrogen peroxide decomposition ; some of the results obtained are given 
below : 


Analysis of gas, %. 


a 


Catalyst. . . ‘ co. 





0- 
0°1M-MnSO, : 0- 
0:2M-MnSO, . : : 0: 

0°5M-CoSO, . . ; 0: 

In the absence of a catalyst, the products are closely similar to those obtained in the electro- 
synthesis at low C.D.’s. The presence of manganese and cobalt salts inhibits the formation 
of hydrocarbon in the chemical oxidation and increases the methane/ethane ratio, as in the 
electrolytic process. It is noteworthy that in the presence of the catalysts the rate of gas 
evolution was much slower than in their absence, although the gas in some cases contained 
relatively large amounts of oxygen; this result implies that the behaviour of the catalysts is 
not due to their action on the persulphate, but on a substance formed from it, presumably 
hydrogen peroxide, which is the effective agent yielding the hydrocarbons by oxidation of the 
acetate. If the acetate concentration was increased, the ratio of methane to ethane also 
increased, a phenomenon also observed in the electrolysis at low C.D.’s. 


DISCUSSION. 


The results of the present work, and those of previous investigators, can be satisfactorily 
accounted for by supposing, as with other electrolytic oxidations, that hydrogen peroxide 
is formed by the irreversible union of discharged hydroxyl ions. At high concentrations 
this is presumably able to oxidise acetate ions to ethane and carbon dioxide, 2CH,°CO,’ + 
H,O, = C,H, + 2CO, + 20H’, possibly with the intermediate formation of acetyl peroxide 
and perhaps the liberation of acetate radicals. The observations on the chemical oxidation 
of acetic acid and acetates show that this is not improbable, especially when it is remembered 
that the conditions under which hydrogen peroxide is produced at an anode are very 
different from those attainable by ordinary chemical means (see J., 1933, 836). Per- 
sulphates are hydrolysed in solution to yield hydrogen peroxide, and it is probable that the 
latter is the effective oxidising agent in the experiments recorded (see above). The effects 
of the metallic ions in suppressing the Kolbe synthesis are in the order Pb, Ag>Mn>Cu, 
Co, Fe, and an independent consideration of their catalytic influence on the decomposition 
of hydrogen peroxide under the conditions prevailing at the anode during the electrolysis 
of an acetic acid and acetate solution leads to the arrangement of these ions in the groups 
Pb, Ag, Mn>Cu, Co, Fe. The correspondence of the two series makes it probable that the 
decomposition of hydrogen peroxide is the factor which determines the suppression of 
ethane formation, and consequently it is not unreasonable to suppose that the Kolbe 
reaction depends upon the presence of a high concentration of hydrogen peroxide, formed 
as an intermediate product. 

Further confirmation of this view, and incidentally an explanation of the hitherto 
incomprehensible behaviour of various electrodes, ¢.g., gold, in giving no Kolbe synthesis, 
is obtained from the results of the present study. Smooth platinum and iridium are 
effective for ethane production (Foerster and Piguet, Joc. cit.) and both these substances 
are poor catalysts for hydrogen peroxide decomposition; platinised platinum, however, 
is a good catalyst, and with an anode of this material there is very little ethane synthesis. 
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If the electrode is poisoned, by means of mercuric cyanide, potassium cyanide, or sodium 
fluoride, or better by the addition of a mercuric salt to the platinising solution, the Kolbe 
reaction can take place, since the peroxide is now no longer decomposed with such great 
rapidity. Anodic treatment of a platinised platinum electrode decreases its catalytic 
effect on the decomposition of hydrogen peroxide (Spitalsky and Kagan, Ber., 1926, 59, 
2900) and the corresponding increase in the formation of ethane, first observed but not 
explained by Foerster and Piguet (/oc. cit.), has been definitely confirmed. Palladium and 
iron anodes both dissolve slightly and give almost no ethane (Foerster and Piguet, oc. cit.) ; 
these substances in true or colloidal solution will undoubtedly be effective in decomposing 
hydrogen peroxide. The results obtained with the two forms of carbon are in general 
agreement with the theory, the more finely divided and catalytically active material 
graphite, which disintegrated considerably during electrolysis, giving the least efficiency 
for ethane synthesis. Although gold and nickel in the massive form are poor catalysts 
for hydrogen peroxide decomposition, yet when used as anodes they become covered with 
oxides which effectively decompose it (p. 1882), and so neither gives the Kolbe synthesis. 

The results at low C.D.’s or in the presence of catalysts can be accounted for if peracetic 
acid is supposed to be formed under these conditions. It is well known that this acid 
results from the action of hydrogen peroxide on acetic acid (e.g., Clover and Richmond, 
Amer. Chem. J., 1903, 29, 179; D’Ans and Frey, Z. anorg. Chem., 1913, 84, 145), and 
Hatcher and Powell (Canadian J. Res., 1932, 7, 282) have shown that it is only an oxygen 
addition product and suggest that it may also be formed by the direct action of oxygen. 
It is not unreasonable, therefore, to suppose that peracetic acid may be formed by the 
action of hydrogen peroxide or even by active, perhaps atomic, oxygen on acetate tons or on 
acetic acid whenever the concentration of the peroxide is insufficient to bring about the 
formation of ethane. The thermal decomposition of peracetic acid gives methyl alcohol 
and carbon dioxide (see Fichter, Trans. Amer. Electrochem. Soc., 1924, 45, 131; Fichter and 
Lindenmaier, Helv. Chim. Acta, 1929, 12, 567), and so the Hofer and Moest reaction, in 
which methyl alcohol is formed, is to be expected under any conditions which are effective 
in reducing the hydrogen peroxide concentration while maintaining a supply of active 
oxygen. The presence of catalysts for the decomposition of hydrogen peroxide should 
thus result in the replacement of the Kolbe reaction by that of Hofer and Moest, and the 
experimental results indicate that this is undoubtedly the case. It is significant as further 
evidence for the intermediate formation of peracetic acid under these conditions that when 
lead and silver salts are used as catalysts there is considerable oxygen in the gas (Table I) ; 
Clover and Richmond (loc. cit.) have recorded that lead and silver oxides decompose 
peracetic acid catalytically with the evolution of oxygen. The possibility that methyl 
alcohol may be formed by chemical oxidation of acetates is shown by the observation 
that in certain circumstances this substance can be produced by the action of persulphate 
on acetate solutions (see Fichter and Lapin, Helv. Chim. Acta, 1929, 12, 998; Fichter and 
Panizzon, ibid., 1932, 15, 996). 

The action of foreign anions in inhibiting the formation of ethane in the electrolysis 
of acetic acid solutions was considered by Matsui and Kizaki (loc. cit.) to support the 
discharged-ion mechanism of the Kolbe reaction, it being supposed that the decrease 
of efficiency was due to preferential discharge of the added anion. In view of the variety 
of ions able to suppress the formation of ethane (p. 1882), and of the relative effects of such 
ions as chloride and ferricyanide, this explanation appears highly improbable. The 
definite parallelism between the mobilities of the anions and their influence on the Kolbe 
reaction (Table II) suggests an alternative explanation of the observations. In the absence 
of added anions, acetate ions are continuously brought up to the anode during electrolysis 
by diffusion, and by electrolytic transport; in addition, the migration of hydrogen ions 
away from the anode permits of further dissociation of the acetic acid. The amount of 
acetate ions made so available is sufficient to react with the hydrogen peroxide at the 
electrode and give a good efficiency, e.g., about 70%, for ethane formation. If, however, 
a foreign anion is added to the solution, it will compete with the acetate and hydrogen 
ions, the concentrations of which in acetic acid solution are very small, and will almost 
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completely eliminate transport of current by them. Since very little acetate ion is brought 
up to the anode in this way, and the accumulation of hydrogen ions tends to suppress the 
ionisation of the acetic acid, the concentration of acetate ions in the immediate vicinity 
of the electrode will remain very low. It follows, therefore, that the amount of acetate 
ion reaching the anode will be dependent mainly on diffusion, and in view of the low 
concentration in the bulk of the electrolyte this must be small; it can be calculated (cf. 
Glasstone, Trans. Amer. Electrochem. Soc., 1931, 59, 277) that in a 2N-acetic acid solution 
the acetate ions arriving at the anode in this way would be equivalent to a maximum C.D. 
of 0-0005 amp./sq. cm., it being assumed that the thickness of the diffusion layer in the 
stirred solution is 0-01 cm., and the diffusion coefficient of the acetate ion 0-74. Since 
there is an insufficient amount of acetate ion to react with the hydrogen peroxide, the latter 
will tend to decompose, and the active oxygen so formed, together with some of the peroxide, 
will react with the acetic acid to form peracetic acid, which then breaks up into methyl 
alcohol and carbon dioxide. That methyl alcohol is formed when the Kolbe reaction is 
suppressed by foreign anions is known definitely from the work of Hofer and Moest (/oc. cit.), 
from observations made in the course of the present work, and from the number of faradays 
(m) required to liberate 1 mol. of carbon dioxide, other than that produced by the Kolbe 
reaction (Table II). The higher the mobility of the added anion the greater should be 
its effect in reducing the formation of ethane: this is, of course, the experimental fact on 
which the theory has been developed. If the acetate-ion concentration is increased, the 
effect of added anions should be less, and this has been verified by experiment; the 
theoretical change in the discharge potential of the acetate ions, which is logarithmic, 
would hardly be sufficient to account for the observed differences on the basis of the theory 
of ionic discharge, but they can readily be explained from the point of view of ionic transport. 

The fact that the formation of methyl alcohol occurs in solutions containing bicarbonate 
is not to be attributed to the alkalinity, but to the presence of the added anions. From 
the work of Hofer and Moest (loc. cit.) it may be seen that, with a smooth platinum anode 
and a C.D. of 0-25 amp./sq. cm. in a solution containing 147 g. of potassium acetate per 
litre to which 15 g. of potassium hydrogen carbonate have been added, the Kolbe reaction 
takes place with considerable efficiency, probably about 50%, and this is only reduced to 
a negligible amount (4—5%) by the addition of about 100 g. of the bicarbonate. This 
result cannot be accounted for by the difference in py of the solutions, which is very small, 
or by the theoretical decrease of about 0-05 volt in the discharge potential of the bicarbonate 
ions; a seven-fold increase in concentration of the latter would, however, have a marked 
effect on the relative amounts of current transported by them and by the acetate ions. 
Further evidence of the same kind was obtained in the electrolysis of a solution containing 
2N-potassium acetate and 0-1N-ammonium hydroxide made in the present study; the 
ethane efficiency, at a C.D. of 0-25 amp./sq. cm., was initially 52%, but as carbonate 
accumulated in the electrolyte, providing an alternative ion for the transport of electricity, 
the efficiency fell off to some extent. It may be concluded, therefore, that the synthesis 
of methyl alcohol is favoured when the concentrations of either hydrogen peroxide or 
acetate ions are too small for the Kolbe reaction to occur. 

It is now necessary to examine the electrode-potential measurements. The simple 
view that the formation of ethane in the Kolbe synthesis results from the interaction of 
two discharged ions occurring above a certain anode potential, viz., 2-14 volt, according 
to Shukla and Walker (Trans. Faraday Soc., 1931, 27, 722), meets with a fundamental 
difficulty which has been overlooked in previous discussions. The potential apparently 
requisite for the Kolbe reaction is much higher than that required for oxygen evolution 
at the same C.D. in a solution of the same hydrogen-ion concentration not containing 
acetate (see Figs. 1 and 2). If the anode potential primarily determines the onset of the 
ethane synthesis, the process should not be appreciable in aqueous solutions, at least until 
extremely high C.D.’s have been attained, but oxygen should be preferentially evolved. 
A comparison of the C.D.—potential curves for solutions of 2N-potassium acetate containing 
in one case 0-01N-sodium hydroxide (or 0-1N-ammonium hydroxide) and in the other 
N-potassium carbonate, both having approximately the same fy, shows that the potentials 
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in the former solutions, in which the Kolbe synthesis occurs, are much higher than in the 
latter, where the Hofer—Moest reaction takes place. This fact not only disposes of the view 
generally held that the formation of methyl alcohol results from the simultaneous discharge 
of acetate and hydroxy] ions, viz., CH,-CO,’ + OH’ + 2© = CH,‘OH + CO,, because of 
the alkalinity of the solution, but it makes it difficult to understand why the Hofer—Moest 
reaction does not always occur, since it requires a lower potential, in preference to the 
Kolbe synthesis. It is true that whenever ethane is formed the potential is high, generally 
greater than 2-14 volt, and when it is inhibited and methyl alcohol results the potential 
is decreased, but this is no proof that the electrode potential determines the process. The 
potential is to be regarded as determined by the fate of the hydrogen peroxide formed 
irreversibly at the anode; if this decomposes rapidly, either because of the presence of 
catalysts or the absence of acetate ions with which to react, oxygen will be liberated at 
the electrode and the C.D.-potential curve is closely similar to that observed for oxygen 
evolution in a solution of the same #, not containing acetate ions. If the decomposition 
of the peroxide is not catalysed and acetate ions are present in sufficient amount, then 
acetate radicals may be liberated momentarily by the reaction 2CH,*CO,’ + H,O, = 
2CH,*CO-O: + 20H’, and since the radicals are more active electromotively than is oxygen, 
the electrode will acquire a more positive potential, greater than 2-14 volt. The acetate 
radicals, of course, react very rapidly with one another to yield ethane and carbon dioxide. 
It is important to emphasise that it is not thermodynamically unsound to postulate that 
an oxidising agent, e.g., hydrogen peroxide, formed irreversibly at a low potential is able to 
yield by chemical action a product giving a higher, perhaps reversible, potential. 

The supposition that electromotively active acetate radicals are formed in this way 
necessitates, of course, the admission that these radicals can also result from the direct 
discharge of ions at the same potential. The observations made in the present work, 
however, lead inevitably to the conclusion that hydrogen peroxide plays an essential part 
in the Kolbe reaction. The presence in aqueous solution of the more easily discharged 
hydroxyl ions, which can combine irreversibly to form hydrogen peroxide, results in the 
direct discharge of acetate ions occurring only to a negligible extent. In non-aqueous 
solutions, where hydrogen peroxide cannot be formed at the anode, it appears probable 
that the ethane arises exclusively from acetate radicals discharged directly. The fact 
that the nature of the anode material has little effect on the Kolbe synthesis in non-aqueous 
solutions (cf. Fairweather and Walker, Joc. cit.) would suggest that the mechanism here is 
fundamentally different from that in aqueous solution; it is hoped to investigate this 
matter later. 

In conclusion, it may be mentioned that the theory of the primary formation of acetyl 
peroxide in the Kolbe reaction (Fichter, Joc. cit.) might be adapted to account for the 
experimental observations if it were supposed that the action of the catalysts is to facilitate 
the decomposition of this peroxide; experimental test has proved, however, that this 
cannot be the case. A sample of acetyl peroxide was prepared by the method of Gambarjan 
(Ber., 1909, 42, 4010), and its solution in anhydrous ether diluted to a concentration of 
0:2N. To two 20-c.c. portions of this solution was added 0-5 g. of manganese dioxide or 
of cobaltic oxide; after standing for 3 hours, the solutions were analysed and found to 
be unchanged. An anhydrous solution of hydrogen peroxide of approximately the same 
normality, prepared by dissolving “ hyperol ”’ in ether, was decomposed vigorously on the 
addition of either of these oxides. 


SUMMARY. 


1. The presence of relatively small amounts of lead, silver, manganese, copper, cobalt, 
and ferrous acetates in a solution of potassium acetate and acetic acid inhibits almost 
completely the formation of ethane at a platinum anode; the efficiency of the ions is in 
the order Pb, Ag>Mn>Cu, Co, Fe, whereas their catalytic influence on the decomposition 
of hydrogen peroxide follows the similar order Pb, Ag, Mn>Cu, Co, Fe. Solid catalysts 
for the decomposition of hydrogen peroxide also inhibit the Kolbe synthesis, but to a 


‘smaller extent. 
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2. The electrolysis of solutions of sodium, potassium, ammonium, calcium, strontium, 
barium, magnesium, zinc, nickel, and uranyl acetates gives ethane at the anode in good 
efficiency ; these substances do not catalyse the decomposition of hydrogen peroxide. 

3. Although the efficiency of ethane formation is normally very low at a platinised 
platinum anode, it may be increased if the electrode is prepolarised anodically or suitably 
poisoned for hydrogen peroxide decomposition by mercuric cyanide, potassium cyanide, 
sodium fluoride, or mercury. No ethane is obtained in the electrolysis of acetate with 
gold or nickel anodes; these electrodes become coated with oxides which decompose 
hydrogen peroxide vigorously. 

4. In the absence of added anions, acetic acid gives the Kolbe synthesis, but addition 
of either potassium fluoride, perchlorate, nitrate, phosphate, chloride, sulphate, or ferri- 
cyanide in small concentrations represses this reaction; the effect of these ions runs parallel 
to their mobilities. 'Whenever the synthesis of ethane is inhibited and the C.D. is not too 
low, the Hofer—Moest synthesis (formation of methyl alcohol) occurs independently of the 
alkalinity of the electrolyte. 

5. It is shown that the observations made in the present work cannot be accounted 
for by the theories of the Kolbe reaction hitherto proposed, and an alternative view is 
suggested, viz., that the irreversible union of discharged hydroxyl ions produces hydrogen 
peroxide at the anode and this reacts, when in high concentration, with acetate ions to give 
ethane. If the concentration of the peroxide is kept low, or if there is not available a 
sufficient concentration of acetate ions, then the formation of methyl alcohol generally 
occurs, probably through peracetic acid as intermediate stage. 

6. The results of the present work indicate that the anode potential is not the primary 
factor which determines the process occurring in the electrolysis of acetate solutions : 
it can only be regarded as a secondary indication of the particular reaction taking place. 
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415. Chemical Constitution and the Dissociation Constants of 
Monocarboxylic Acids. Part If. 


By J. FREDERICK J. Dippy and FRANK R. WILLIAMS. 


THE investigation described in Part I * (this vol., p. 161) has been extended to other 
aromatic acids, and further details are now given of the means of evaluating the limiting 
anion mobility from data for the sodium salt. 

The equivalent conductivities of solutions of the sodium salts (A, uncorr.), varying in 
concentration from 0-005 to 0-0004 equiv. per litre, are plotted against »/C; the resulting 
curve becomes very steep at high dilutions. By plotting, in addition, the values of equi- 
valent conductivity to which the “ normal ” water correction has been applied (A, corr.), a 
second curve is obtained which approximates to the first curve at higher concentrations but 
diminishes in slope as the concentration falls. The reason for this is that hydrolysis occurs, 
and therefore the necessary correction must be of smaller magnitude than the full “‘ normal ”’ 
correction (see Davies, Trans. Faraday Soc., 1932, 28, 607; Ives, J., 1933, 313). Typical 
curves referring ‘to sodium acetate solutions are shown in the fig., the relevant data being 
included in Table II. At dilutions where the curves diverge (beginning at 0-0020—0-0012 
equiv. /l.), a straight line is drawn possessing the Onsager slope (0-2271 A, + 59-78) which 
is calculated with sufficient accuracy from a roughly estimated value of Ag obtained by 
inspection. The intercept on the A axis is taken to represent Ay. The angle of the Onsager 


* In Part I (p. 162, 1. 12) the coefficient 0°2271 of the dissymmetry term in the Onsager equation 
for aqueous solutions at 25° was incorrectly copied as 0°2771, but the correct value was employed in 
actual calculations. 
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slope is 38—39° for the salts studied, and the positions of the two diverging curves in a 
system readily indicate the position of the straight line inclined at this angle. Values of Ag 
obtained in this manner have proved reasonably reproducible. From the sodium acetate 
measurements, a mean value of 390-6 has been adduced for acetic acid, agreeing with that 
of MacInnes and Shedlovsky (J. Amer. 








Chem. Soc., 1932, 54, 1429), whose limiting * 1 

mobilities of hydrogen and sodium have SODIUM ACETATE. 
been accepted for this investigation (ibid., — x rate 
p. 2758); Ives (J., 1933, 731) and Jeffery iy = “Normal” water 
Vogel, and Lowry (ibid., p. 1637) give 90 ‘ \ corrected. 


Ag291-2 


391-6 and 388-62, respectively. It must 
Angle = 39° 


be emphasised that an important source 

of disagreement between A, (acid) values 

lies in the divergent values adopted for the q 
limiting mobility of the hydrogen ion;eg., ‘4 +. 
MacInnes and Shedlovsky use 349-72 and \ 
Jeffery and Vogel use their own value of 
348-0. 

Ives (loc. cit.) ascribes to benzoic acid a 86 
value of Ag = 379-7 whereas we find Ay = \ 
383-1. Since the completion of this work, 
Brockman and Kilpatrick (J. Amer. Chem. x 
Soc., 1934, 56, 1483) and Saxton and Meier 
(tbid., p. 1918) have published values of ' : 
382-10 and 381-96 respectively. = ar * a 

Table I sets out the individual Ag (salt) 
and the mean Ag (acid) values, together with the dissociation constants derived for the 
various acids, three of which have been studied by previous investigators. Only one 
determination of Ag was made on each of the sodium salts of o- and m-chloro- and 
p-methoxy-phenylacetic acids owing to lack of material. 
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TABLE I. 

Acid. Ag (Na salt). Ag (acid).  Keiass, X 105. Kinerm. < 105. 
o-Chlorophenylacetic ............ssseseesseceeseees 80°5 380°1 8°82 8°60 
m-Chlorophenylacetic  ...........:eeeeseeeeeevees 80°3 379°9 7°38 7°24 
o-Bromophenylacetic...........02sseeseeseeeeeeeee 80°3,* 80°5* 380°0 9°09 8°84 
m-Nitrophenylacetic ...........-ssseeeesseeeeeeees 81-3, 81:3 380°9 11-1 10°8 
2: 4-Dinitrophenylacetic ..............s.sseeeees 78°5, 79°0 378°3 32°3 31°5 
p-Methoxyphenylacetic..............seeseeseeeees 78°8 378°4 4°45 4°36 
3: 4-Dimethoxyphenylacetic ...............04 77°6,* 78:0 * 377°4 4°74 4°64 
P-ANISIC ........ceeeerrescersseresceeseecsccescesens 79°0,* 79°2 * 378°7 3°43 3°38 
Bemz0ic  ....seceeeerereessecceececcecsesssssseeeesees 83°3,* 83-6 * 383°1 6°46 6°27 
PUTS Si in cceigiitlne sss coscesecssececcoesssesepouetes 90°8,* 91-2 * 390°6 1°81 1-76 


* These values were obtained with solutions prepared from specimens of solid salt. 

Earlier constants ascribed to the last three acids are as follows: Amisic acid: Keiass. X 105 = 3°2 
(Ostwald, Z. physikal. Chem., 1889, 3, 369), 3°6 (Pip, Diss., Heidelberg, 1898). 

Benzoic acid: Kciass. X 105 = 6°0 (Ostwald, Joc. cit.), 6°69 (Euler, Z. physikal. Chem., 1896, 21, 257), 
6-75—6°81 (Schaller, ibid., 1898, 25, 497), 6°07 (Dhar and Datta, Z. Elektrochem., 1913, 19, 407); 
Ktnerm. X 10° = 6°7 (Kolthoff and Bosch, J. Physical Chem., 1932, 36, 1695), 6°46 (Ives, Linstead, and 
Riley, J., 1933, 561), 6-527 (Ives, ibid., p. 731). Other values are quoted in the text. 

Acetic acid: Kets. X 10° = 1°80 (Ostwald, Joc. cit.), 1-85 (Kendall, J., 1912, 101, 1275), 1°95 (Dhar 
and Datta, Joc. cit.), 1813 (Jeffery and Vogel, J., 1932, 2829); Kinerm. X 105 = 1-785 (Davies, Phil. 
Mag., 1927, 4, 249), 1-754 (Harned and Ehlers, J. Amer. Chem. Soc., 1932, 54, 1350), 1-752 (MacInnes 
and Shedlovsky, ibid., p. 1429), 1°776 (Jeffery and Vogel, Joc. cit.), 1-78 (Ives, Linstead, and Riley, 
loc. cit.), 1-759 (Ives, loc. cit.). 


The measurements on acetic acid and its salt were conducted for control purposes, and 
the agreement with recent precision measurements indicates that the expeditious procedure 
adopted is trustworthy. Throughout the work the values of the individual constants were 
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calculated initially to four significant figures, and for acetic acid they give a mean value of 
K tierm. = 1-756 x 10-5 (cf. MacInnes and Shedlovsky; Harned, Jocc. cit.). 

Knerm. for benzoic acid, redetermined for reference purposes, is in good agreement with 
results recently published, viz., 6-295 x 10-5 (Saxton and Meier, Joc. cit.) and 6-312 x 10° 
(Brockman and Kilpatrick, loc. cit.); Vogel and Jeffery (Chem. and Ind., 1934, 53, 779) 
attributed the difference between the last value and theirs (6-373 x 10-5) to the discordant 
hydrogen-ion mobility data employed (compare p. 1889). 

Inspection of the results for the ten acids (Table III) shows that the difference between 
K cigs. ANd Kypyerm, Steadily diminishes as the solution becomes more dilute; a complete 
survey of these differences for all the measurements made on any given acid provides a 
useful check on the accuracy of the calculations involved. 

It is noteworthy that, whereas substitution by the methoxy-group in the 4-position con- 
siderably diminishes the dissociation constants of benzoic and phenylacetic acids, the intro- 
duction of a second methoxy-group in the 3-position of #-methoxyphenylacetic acid 
causes a small increase in the constant of that acid. This favourable effect of a 3-alkoxy- 
group is noticeable in the measurements of Pip (loc. cit.) on o-, m-, and -methoxy- and 
-ethoxy-benzoic acids ; * the o- and, particularly, the m-isomerides, unlike the p-isomerides, 
are stronger acids than benzoic acid. Measurements on alkoxy-aromatic acids are being 
extended. 

Discussion of all results from an electronic standpoint is postponed pending the comple- 
tion of further work now in progress. 


EXPERIMENTAL. 


The conductivity method and technique have been described in Part I. All measurements 
were again made in aqueous solution at 25°. The water was obtained from a Vogel still (J., 
1931, 1201), and had a conductivity of 0-8—1-1 gemmho. In the standardisation of the sodium 
hydroxide solution used in the preparation of the sodium salts, dry phenylacetic acid, purified 
as for conductivity measurements, was used in place of oxalic acid. 

On account of the sparing solubility of anisic acid, 500 c.c. of the initial solution were made 
so as to permit of the weighing of a reasonable quantity of acid. 

In the tables, concentrations (C) are given in g.-equivs. /I. 


TABLE II. 
Sodium acetate. 
x= 1-0 gemmho. Cell constant = 0-07243, 

A (uncorr.). A (corr.). 10° C. A (uncorr.). 
85°13 84°89 1-258 88°86 
87°26 86°78 0°6146 90°78 
88°12 87°56 0°4171 91°43 
88°26 87°64 


TABLE III. 


A (corr.). 
88-06 
89°17 
89°06 


Kciass. K therm. Kans. K therm. 
x10. x10. 10°C. A. x 10°. x 10%. 10°C. A. 


o-Chlorophenylacetic acid (cell constant 0-07288). 


8°61 3°669 54°70 888 8:58 2-736 
8°65 2°305 67°47 8°83 8°57 1-654 
8°53 1-856 74:30 8°81 8°56 1188 
8°64 1-089 94°58 (8°98) (8°77)  0°3426 
8°57 1°052 95°68 8-91 8°71 

8°57 0°4655 132°6 8°71 8°56 


m-Chlorophenylacetic acid (cell constant 0°07288). 


108 C. A. 


62°40 

78°27 

90°38 
149°7 


54°80 
71-01 

73°91 

88°39 
112-7 
1169 °. 


3°669 
2-076 
1-867 
1256 
0°6992 
0°6392 


1849 

0°8565 
0°5716 
0°3573 
0°2653 


69°01 

96°68 
1141 
137°6 
154°5 


7°46 
7°44 
7°36 
7°35 
7°40 


7°25 
7°28 
7°25 
7°25 
7°29 


1-961 
1-200 
0°9605 


66°94 
83°22 
91°39 


7°20 
7°20 
7°17 
7°19 


7°39 
7°37 
7°32 
7°30 


0°4448 125-9 
02701 152°3 


(7-25) 


(7°14) 


2-158 
1-326 
0°9473 
0°5662 
0°3119 


64°34 

79°82 

92°43 
114-7 
145-2 


7°45 
7°41 
7°41 
7°40 
7°38 


* The values of Kus. X 105 for these acids at 25° are as follows: Methoxy-acids, o- 8°7, m- 8°8, 


p- 3°6; ethoxy-acids, o- 7:0, m- 9:0, p- 5:0 (see I.C.T., 1929). 





10° C. 


a7°685 
a5°599 
b 3°535 
b 2°239 
b 0°6176 
b 0°4987 


0°8058 
0°3778 


a 1-902 
a 1°382 
a1-010 
a 0°7456 
a 0°6860 


2°787 
1:579 
1-182 
0°8071 
0°5960 
0°4262 


2-076 
1946 
1356 
0°8523 
0-5010 


0°6857 
0°6552 
0°5104 
0°4812 
0°3702 
0°3022 


a7°711 
a 4418 
a 2°907 
b 2°038 
b 1°841 
b 0°4688 


a 9598 
a 6°294 
b 4553 
b 2543 
b 1-467 


Dissociation Constants of Monocarboxylic Acids. 


A. 


39°42 
45°59 
56°26 
69°04 
119°6 
130°8 


49°68 
59°23 
66°88 
76-00 
117-2 
156°6 


2 : 4-Dinitrophenylacetic acid (cell constants : 


128-0 
143-2 
161°1 
180°7 
185°7 


44°99 
58°52 
66°71 
78°79 
89°84 
1042 


52°90 
54°61 
64°52 
79°25 
99°88 


75°37 
77°50 
86°50 
88°69 
99°59 
107°9 


33°60 
43°89 
52°81 
62°19 
65°22 
117°9 


16°54 
20°32 
23°76 
31°37 
41-08 


Kass. 
x 10°. 


K therm. 
x 10°. 


TABLE II].—Conid. 


10° C. A. 


9°23 
9°16 
9°10 
9°02 
8°93 
9°01 


8°85 
8°81 
8°79 
8°76 
8°75 
8°86 


a3°526 
a2°312 
b 1°538 
b 1°164 
b 0°7802 


56°35 
68°48 
81°81 
92°51 
109°5 


K ciass. 


x 10°. 
o-Bromophenylacetic acid (cell constants : 


9°10 
9°16 
9°09 
9°11 
9°10 


K therm. 


x 105. 


10° C. 


Part II. 


K class. 


A. 


a, 0°1382; b, 0°07355). 


8°80 


b 2°675 
b 1°872 
b 1504 
b 0°5369 


m-Nitrophenylacetic acid (cell constant 0°07355). 


10°7 
10°8 
10°8 
10°9 
10°8 
10°7 


11-2 
11-2 
11-1 
11-1 
11-0 
10°9 


32°9 
31°9 
31°9 
32°6 
32°4 


31°8 
31:0 
31-2 
31°8 
31-7 


4°723 
3°535 
2-280 
1-750 
1-593 


a1-°871 
a1°153 
a0°8153 
a 0°2916 


54°34 
62°16 
75°63 
84°76 
87°68 


128°4 
154°3 
175°1 
240-0 


11-2 
11-3 
11-2 
11-1 
11-0 


32°6 
32°4 
32°5 
32:1 


4°543 
2°813 
2°251 
1-610 

- 0°9048 
0°4535 


64°18 

75°06 

82°52 
127°2 


55°24 
68°66 
75°33 
87°42 
111°3 
146-2 


a, 0°07269; b, 0°07355). 


31°5 
31°3 
31°8 
31°7 


b 1°744 
b1:218 
b 0°9995 
b 0°8143 
b 0°4740 


p-Methoxyphenylacetic acid (cell constant 0°07288). 


4°35 
4°37 
4°37 
4°35 
4°33 
4°39 


i i i i i 
i 
AONaas 


4°63 
4°65 
4°67 
4°67 
4°67 


Lcaardardacdars 
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2°424 
1-469 
1-081 
0°9439 
0°2577 


3°816 
2°236 
1751 
1°477 
0°4912 


48°07 
60°30 
69°33 
73°89 
127°4 


39°70 
50°90 
56°99 
61-73 
100°4 


4°48 
4°44 
4°44 
4°47 
4°40 


4°72 
4°70 
4°70 
4°72 
4°74 


4°37 
4°34 
4°35 
4°38 
434 


4°58 
4°58 
4°59 
4°62 
4°66 


2°534 
1-460 
1121 
0°7705 
0 6504 
0°3079 


: 4-Dimethoxyphenylacetic acid (cell constant 0°07288). 


1:187 
1-059 
0°5838 
0°1049 


p-Anisic acid (cell constant 0-07288). 


3°34 
3°39 
3°40 
3°40 
(3°43) 
3°39 


3°39 
3°45 
3°45 
3°45 
(347) 
3°43 


0°7474 
0°6767 
0°6205 
0°5503 
0°4475 
0°3695 


73°10 
76°26 
79°86 
83°68 
90°99 
98°68 


3°45 
3°44 
(3°50) 
3°45 
3°40 
3°39 


3°39 
3°38 

(3°44) 
3°40 
3°35 
3°35 


Benzoic acid (cell constants: a, 0°1367; 


5 6°25 
5 6°33 
“4 6°21 
54 6°24 
“4 6°26 
“4 6°30 


Acetic acid (cell constants: a, 0°1367; 


1:74 
1°75 
1°75 
1:75 
1:77 


1-80 
1:80 
1:79 
1:78 
1°81 


a 5-607 
a3°567 
b 2-677 
b 1-927 
b 1°395 


a 10°08 

a 6°612 
a 5277 
b 3317 
b 1:177 


39°19 
48°39 
54°94 
63°77 
74°11 


16°29 
19°99 
22°31 
27°81 
45°15 


6°54 
6°51 
6°43 
6°41 
6°47 


1°83 
1°83 
1°82 
1°81 
1:79 


6°30 
6°30 
6°24 
6°24 
6°33 


0°6869 
0°6490 
0°6050 
0°5344 
0°3028 


b, 0°07355). 


a7°413 
a 4°766 
b 2°147 
b 27136 
b 0°9128 
b 0°5363 


b, 0-07243). 


1-77 
1:77 
1-77 
1°77 
1-75 


a32°34 
a 18°93 
a 13-90 
al10°10 
a 4°569 


132-2 
150°4 
162°5 
174°1 
209°0 


46°94 
60°71 
68°22 
81-21 
87°24 
119°9 


68°45 

72°02 

93-07 
179°9 


75°94 
77°57 
80°42 
84°80 
107°7 


34:29 
42°01 
60°96 
61-06 
89°13 
111-4 


9°228 1°85 
11:90 1°81 
13°79 1°80 
16°22 1°82 
23°68 1°79 


1°75 
1:74 
1°76 
1-74 


The values in parentheses were not included in the calculations of the averages given in Table I. 


Preparation and Purification of Materials —o-Bromophenylacetic acid. Bedson’s details (J., 
1880, 37, 90) require amplification. Phenylacetic acid (10 g.) and mercuric oxide (9 g.) were 
triturated with water (75 c.c.) and immersed in ice, then bromine (3-7 c.c.) was added slowly with 
constant stirring. When reaction ceased, excess caustic soda was added and the mixture 
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filtered. The filtrate was acidified with concentrated hydrochloric acid and the deposited solid, 
contaminated with p-bromophenylacetic and unchanged acids, was recrystallised repeatedly 
from light petroleum (b. p. 80—100°). Pure o-bromophenylacetic acid was thus obtained in 
colourless needles, m. p. 109° (4-5 g.) (Bedson records m. p. 103—104°) (Found: Br, 37-1. 
Calc. forC,H,O,Br: Br, 37-2%). Oxidation of the acid with alkaline permanganate yielded 
o-bromobenzoic acid. ; 

m-Nitrophenylacetic acid, Details of the preparation of this acid, m. p. 120°, by hydrolysis of 
m-nitrobenzyl cyanide (from m-nitrobenzyl chloride and sodium cyanide) will be published later. 
Gabriel and Borgmann (Ber., 1883, 16, 2064) record m. p. 117°, and Salkowski (ibid., 1884, 17, 
504) m. p. 120°. 

2 : 4-Dinitrophenylacetic acid. Nitration of phenylacetic acid (Borsche, Ber., 1909, 42, 1310) 
afforded this acid, m. p. 180° (Borsche gives 179—180°). 

o- and m-Chlorophenylacetic acids. These acids (m. p.’s 96° and 76°, respectively) were kindly 
supplied by Professor G. M. Bennett, and p-methoxyphenylacetic acid (m. p. 86°) and ethyl 3 : 4- 
dimethoxyphenylacetate by Professor K. Kindler of Chemisches Staatsinstitut in Hamburg. 
The ester was hydrolysed to the corresponding (hydrated) acid; the anhydrous acid melted at 
99° (Tiemann and Matsmoto, Ber., 1878, 11, 141, and Pictet and Gams, ibid., 1909, 42, 2943, 
give m. p. 98—99°). 

p-Anisic acid (m. p. 184°) and benzoic acid (m. p. 121°) were purchased from British Drug 
Houses, Limited. 

The acetic acid was purified by the method of Orton and Bradfield (J., 1927, 983). The 
accepted fraction froze at 15-95°, and the necessary correction for the retained water was made. 

All the solid acids were finally recrystallised from conductivity water, and dried (see Part I). 

The specimens were well authenticated both by m. p. and by the satisfactory equivalents 
found in each case. The m. p.’s recorded were those of the final specimens prior to measure- 
ment. Analyses of the sodium salts, conducted wherever practicable, proved corroborative. 


The authors express their indebtedness to Drs. H. B. Watson and C. W. Davies for their 
continued interest in this work. Thanks are also due to Imperial Chemical Industries, Limited, 
for a grant. 
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416. Phase-rule Studies on Metallic Thiocyanates. Part III. The 
Systems Ba(NCS),-NH,NCS-H,O and Ba(NCS),-AgNCS-H,O at 25°. 


By VINCENT J. OCCLESHAW. 


THESE systems, which have not previously been investigated, have been studied for 
comparison respectively with those containing barium and silver thiocyanates (Parts I 
and II; J., 1931, 55; 1932, 2404). No double salt between the first pair of thiocyanates 
is recorded in the literature, but Wells and Merrian (Amer. Chem. J., 1902, 28, 265) pre- 
pared Ba(NCS).,2AgNCS,2H,0 by dissolving silver thiocyanate in a concentrated aqueous 
solution of the barium salt. The existence of new double salts Ba(NCS),,NH,NCS,H,O; 
Ba(NCS),,AgNCS,2H,O; Ba(NCS),,3AgNCS,2H,O is now demonstrated. 


Barium thiocyanate was purified by recrystallisation as described in Part I, the silver salt 
was obtained and purified as detailed in Part II, and the ammonium salt, an ‘‘ A.R.” product, 
was used without further purification. 

The various mixtures were made as described in Parts I and II (locc. cit.), but as most of 
the solutions, other than those with which silver thiocyanate was in equilibrium, were very 
concentrated and viscous, the mixtures were rotated, for periods varying up to 7 days, in a 
thermostat regulated at 25° + 0-05°. Also, since the systems under examination readily 
form metastable mixtures, inoculation with the appropriate equilibrium solid phases had to 
be resorted to in order to ensure the attainment of stable equilibrium. Those mixtures in 
which silver thiocyanate was the solid phase were treated as described in Part II. 

To analyse the system containing ammonium thiocyanate the weighed amounts of solution 
and moist solid withdrawn were made up to convenient volumes, and in aliquot portions 
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barium was determined as sulphate, and total thiocyanate gravimetrically as the silver salt. 
From these results the percentages of barium and ammonium thiocyanates could be obtained. 
With the system containing silver thiocyanate two samples of solution and moist solid were 
withdrawn; in one, total thiocyanate was determined as above, and in the other barium 
thiocyanate was determined by Volhard’s method, the silver nitrate solution used having 
been standardised gravimetrically as silver chloride. The amount of silver thiocyanate was 
then obtained by difference. All results are expressed as g. per 100 g. of solution or moist 
solid. 


System Ba(NCS),-NH,NCS-H,0O. 
Solutions. Moist solids. Solutions. Moist solids. 
o A x ~ ~ Solid c es ~ ’ “aes ~ Solid 
NH,NCS. Ba(NCS),. NH,NCS. Ba(NCS),. phase. NH,NCS. Ba(NCS), NH,NCS.  Ba(NCS),. phase. 
64°33 — — —) 26°73 52°36 23°59 65°89 
57°72 8°38 89°93 1°96 25°64 53°37 22°16 69°85 B 
52°36 15°31 90°55 2-90 A m 23°53 54°61 22°11 68°36 
42°72 28°88 96°45 161 24°69 53°65 20°84 69°87 BandC 
38°95 34°60 95°94 1°95 24-70 53°47 15°59 64°27 
34°73 41°66 85°96 8°53 20°75 54°51 10°89 68°25 
31°85 48°33 38°47 50710 AandB 15°48 55°51 3°71 76°03 C 
31°52 48°43 26°22 62°96) 0 62°61 a — | 
31-00 48°52 23°83 67°82 | m 32°19 48°05 67°19 23°53 
30°78 48°96 25°52 62°16 m 29°90 §2°12 75°16 17°38 A 
29°64 49°68 24°11 65°67 m 29°76 52°54 27°61 60°06 AandC 
29°52 49°76 25°42 62°98 m 28°47 54°08 16°78 7324 
Cc 








28°85 50°36 23°80 66°25 m 35°83 53°67 9°46 73°24 
27°41 51°63 23°34 66°58 m 25°28 53°57 8-21 72°59 


A = NH,NCS; B = Ba(NCS),,NH,NCS,H,O; C = Ba(NCS),,3H,O. m = Metastable. 


Fig. 1 shows the isotherm obtained by plotting the results for the mixtures in stable 
equilibrium on a triangular diagram, but not all results given for the double salt have been 
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NH NCS, Ba(NCS)},H,0 
Ba(NC8), NA,NCS 


incorporated. This isotherm includes the solubility curve of a new hydrated compound 
Ba(NCS),,NH,NCS,H,O, which separates only from solutions containing 31-:85—24-69% of 
ammonium thiocyanate and 48-33—53-65% respectively of the barium salt. Crystals of this 
substance have rather a prismatic habit with the length about twice the breadth; the ter- 
minations show two faces, one of which is considerably larger than the other. They are aniso- 
tropic, the extinction with the length of the crystals being 18°, and biaxial, appearing to be 
monoclinic and having a refractive index > 1-65. In cold, dry weather this double salt can be 
air-dried (Found: NCS, 49-83; Ba(NCS),, 73-16; NH,NCS, 21-34. Ba(NCS),,NH,NCS,H,O 
requires NCS, 50-10; Ba(NCS) 9, 72-93; NH,NCS, 21-90%]. 

So strong is the tendency for mixtures in this system to attain metastable equilibrium that 
it has been possible to trace the solubility curves of the two simple salts to their intersection in 
a metastable invariant point. In addition, metastable conditions were obtained in one instance 
where the solid phase was the hydrated double salt and the saturated solution contained 
23-53% of ammonium thiocyanate with 54-61% of the barium salt. 

Although the separate solubilities of ammonium and barium thiocyanates at 25° have 


6H 
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almost identical values, these two salts do not conform with Kuklin’s theorem (J. Russ. Phys. 
Chem. Soc., 1929, 61, 667) : at mutual saturation, a condition which is really metastable, their 
solubilities are not proportional to their separate solubilities. The ratio of the latter is 1-028, 
the ammonium salt having the greater solubility, whereas at mutual saturation the ratio is 


0-567. 


System Ba(NCS),-AgNCS-H,0O. 
Solutions. Moist solids. Solutions. Moist solids. 


Ba(NCS),. AgNCS. Ba(NCS), AgNCS. Solid phase. Ba(NCS),. AgNCS. Ba(NCS),. AgNCS. Solid phase. 
62°61 0 a _- 39°54 35°79 38°80 49°78 1:2:2; 1:3:2 
61°39 4°29 74°87 1-60 39°02 35°79 35°19 52°59 
58°91 12°58 71°31 6°26 A 38°41 35°13 34°92 51-90 
57°36 17°04 76°19 4°20 37°49 34°58 34°62 §2°13 
55°99 22°58 66°36 13°63 37:13 3428 34:59 61°19 
55°91 22:98 57°92 28°09 A: 23:33 36°78 34°01 34°00 53°51 
55°20 23°91 55°42 36°48 36°04 33°79 25°44 58°87 
54°14 25°01 55°60 34°25 1:1:2 34°50 27°99 15°04 69°13 
53°23 26°35 55°31 36°67 “a5 32°20 23°24 12°86 70°15 
52°61 27°89 55°73 35°53 27°00 14°67 —- = 
52°01 29°17 47°52 42°67 1:1:2; 1:32:32 18°18 4°47 6°58 67:14 
47°74 29°81 43°32 ssa! : . 9°68 0°75 3°28 63°42 

ti 








44:28 31°67 41°97 45°97 0 *0-00002 — _ 
40°61 3470 40°65 45°83 
A = Ba(NCS),,3H,O; B= AgNCS; 1:1:2= Ba(NCS),,AgNCS,2H,0; 
1:2:2= Ba(NCS),,2AgNCS,2H,O; 1:3: 2—= Ba(NCS),,3AgNCS,2H,O. 


* Determined by Masaki (Bull. Chem. Soc. Japan, 1930, 5, 345). 


By plotting the above results, Fig. 2 is obtained; it indicates the existence of the three 
double salts denoted above as 1:1: 2, 1:2:2, and 1:3: 2 in this system at 25°. For the 
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Ba(NCS),, 34,0 





Ba(NCS), AgNCS 


last compound, which has a high molecular weight compared with its water content, the points 
representing the di- and the mono-hydrate lie very close together in Fig. 2, but on a larger 
scale it is clearly seen that the tie lines indicate the existence of the dihydrate rather than 
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any other. These salts exist in equilibrium with saturated solutions containing respectively 
55-91— 52-01% Ba(NCS), with 22-98—29-17% AgNCS; 52-01—39-54% Ba(NCS), with 29-17— 
35:79% AgNCS; and 39-54—36-04% Ba(NCS), with 35-79—33-79% AgNCS. Thus the area of 
existence of the 1: 2:2 salt is larger than that of either of the other two. No congruent 
point occurs on the solubility curve of any of these double salts. 

All three double salts are colourless and characteristically crystalline. The 1:1: 2 salt 
separates as square plates with the edges and corners truncated; the crystals are anisotropic 
and show extinction straight with edge; also they are biaxial and the optical properties 
suggest that they are monoclinic rather than orthorhombic as their habit suggests. The 
refractive index is > 1-65. 

Crystals of the 1:2: 2 salt are prismatic, the length being about three times the breadth. 
They are anisotropic and show extinction straight with a long edge. In addition, they are 
biaxial and either monoclinic or triclinic. Their refractive index is > 1-73. 

The 1: 3: 2 salt crystallises as flat, nearly rectangular plates, with the shorter edge inclined 
at an angle of 96° to the longer. All four angles are cut off by smaller sides, those cutting the 
acute angles being better developed than the other two. The crystals are anisotropic, the 
extinction angle with the longer edge being about 9°. They are biaxial and appear to be 
monoclinic. The refractive index is > 1-65. On filtration, the crystals felt together to form 
a scintillating solid. 

Each of these double salts can be air-dried in cold dry weather but is deliquescent above 
about 15°. After being air-dried, a sample of the 1: 2:2 salt gave NCS, 37-66; Ba(NCS),, 
40-65; AgNCS, 54-41% [Calc. : NCS, 37-39; Ba(NCS),, 40-81; AgNCS, 53-39%]. 

Like the double salts containing silver thiocyanate (Part II), the above compounds are 
stable to light. As they react almost immediately with methylene iodide, the determination 
of their refractive indices is difficult. 


SUMMARY. 


The new double salts Ba(NCS),,.NH,NCS,H,O, Ba(NCS),,AgNCS,2H,O, and 
Ba(NCS),,3AgNCS,2H,O have been found to occur, and the existence of 
Ba(NCS),,2AgNCS,2H,0 has been confirmed. They all decompose on attempted recrystal- 
lisation from water. 

These double salts, all of which have refractive indices greater than 1-65, are aniso- 
tropic and biaxial, with optical properties that suggest they are monoclinic. 

The double salts containing silver thiocyanate are stable to light. 

The solubility curves of ammonium thiocyanate and barium thiocyanate trihydrate 
have been traced to their intersection in a metastable invariant point, but the data 
obtained do not conform with Kuklin’s theorem. 


The author thanks Mr. I. S. Double, M.Sc., F.G.S., of the Geology Department, for carrying 
out the microscopical examination of the various double salts. 


UNIVERSITY OF LIVERPOOL. [Received, October 25th, 1934.] 





417. The Combination of Hydrogen and Oxygen in Direct-current 
Discharges. 


By E. M. GUENAULT and R. V. WHEELER. 


Fincu and Cowan (Proc. Roy. Soc., 1926, 111, A, 257) studied the combustion of elec- 
trolytic gas in a steady direct-current discharge under conditions which, they considered, 
eliminated, as far as possible, “ any chemical combination, including that due to heat, 
other than that caused by the ionisation of the gas,” and concluded that combustion was, 
in fact, determined primarily by the ionisation of the gaseous medium through which the 
current passed. As a result of later work (e.g., Finch and Mahler, ibid., 1931, 183, A, 173), 
preference was given to the view that ‘‘ the cathodic combustion of H,-O, mixtures is 
primarily determined by prior excitation of both constituents.” From spectroscopic 
evidence, such as that adduced by Finch and Thompson (ibid., 1930, 129, A, 314), there 
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seems little doubt but that the discharge causes electronic excitation of gaseous molecules 
in its path such as to make them more ready to combine than they otherwise would be. 

We have carried out similar experiments, with substantially the same results, and, in 
addition, have measured temperatures in the path of the discharge. The temperature 
was found to vary systematically with the experimental conditions. Moreover, in com- 
parative experiments in which nitrogen, argon, or helium was used as a diluent, the relative 
rates of combination of hydrogen and oxygen varied, not according to the effect each 
diluent gas would have on the degree of ionisation, but with the temperature produced in 
the mixture by the discharge. 

We conclude that the combination of hydrogen and oxygen in the direct-current dis- 
charge is not primarily determined by its ionising effect; the ability of the discharge to 
cause chemical reaction in electrolytic gas by electronic excitation of the molecules may be 
materially assisted by its thermal effect. 


EXPERIMENTAL. 


Combustion Chamber.—The combustion chamber (Fig. 1) was a glass vessel, of about 550 c.c. 
capacity, comprising two portions which could be joined together at broad ground flanges, F. 
The upper portion was fitted with a three-way tap, T, for evacuation and the admission of 
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gases, and two tubulures to receive electrodes. To the lower portion, in which a glass dish, D, 
containing concentrated sulphuric acid was placed, a mercury manometer, G, was sealed. 

Electrodes.—Each electrode, shown in detail in Fig. 2, was a tube of platinum-iridium alloy, 
2 mm. in diameter, sealed at one end, which was pointed. An inner tube passed centrally to 
the tip, so that a stream of cold water could be forced through it. This cooling water was drawn 
from a high-pressure water-supply through coils of stout rubber tubing of sufficient length to 
ensure that any leakage current to earth would be negligible. The electrodes were set with 
Chatterton compound in the tubulures of the combustion chamber so as to leave a discharge 
gap of 6-8 mm. 

Electric Circuit.—Power was supplied from D.C. mains at 100 volts through a rotary gener- 
ator, G, Fig. 3, capable of developing up to 1,500 volts. The output could be controlled by 
a variable resistance, R, in series with the ‘‘ exciting” circuit of the generator, which was 
connected to the electrodes, E, through a milliammeter, M, and a variable non-inductive liquid 
resistance, L, consisting of 20 water-cooled tubes containing a mixture of glycerol and a solution 
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of copper sulphate in water, any number of which could be included in the circuit in parallel. 
Each tube had a resistance of about 2 megohms and could pass up to 1 milliamp. Across the 
electrodes an electrostatic voltmeter, V, was connected. The voltage applied to the circuit 
could thus be varied by altering the exciting current through the generator, and the current 
passing in the discharge could be further controlled by the variable liquid resistance. 

Method of Experiment.—Electrolytic gas was prepared by the electrolysis of a solution of 
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repeatedly recrystallised barium hydroxide, dried by passage through concentrated sulphuric 
acid, and stored in glass gas-holders over mercury. Since the experiments necessitated the 
introduction of the electrolytic gas whilst an electric discharge was passing, a guard tube con- 
taining granulated copper was interposed between the storage holder and the combustion 
chamber. The latter, assembled with the dish of concentrated sulphuric acid in position, was 
swept out with electrolytic gas and evacuated. The discharge was started and, when it had 
become steady, the current was adjusted to a predetermined value. Electrolytic gas was then 
slowly admitted to the required pressure, and any necessary minor adjustment of the discharge 
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was made. Readings were then taken at frequent intervals of the manometer, milliammeter, 
and voltmeter. As combustion in the discharge proceeded, the water vapour formed was 
absorbed by the sulphuric acid, so the rate of combination could be calculated from the rate 
of fall of pressure. 

Character of the Discharge-——The glow discharge used had a negative voltage—current 
characteristic. Curves relating the drop in potential to the current when the discharge passed 
in argon at different pressures are shown in Fig. 4, and indicate a steep fall in the P.D. toa 
fairly steady value on passing from the lower to the higher currents; under the conditions 
during which the steep fall occurred (which were outside the range used for the combustion 
experiments) the discharge was striated. Under the experimental conditions, the discharge 
appeared to consist of a small but brilliant ‘‘ anode spot,’”’ from which a faint brush-like glow 
extended, a dark interelectrode space, and a blue glow enveloping the tip of the cathode like 
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a sheath 1—2 mm. thick. On closer examination, the cathode zone was seen to consist of a 
thin bright layer (the cathode glow proper), a thin dark layer (the Crookes dark space), and the 
outer blue glow. . 

Catalytic Action of the Electrodes.—Early experiments had shown that hydrogen and oxygen 
at a pressure of 20—100 mm. could combine at a measurable rate on the surface of a heated 
platinum wire at a temperature of 170°, and that the rate of combination increased exponentially 
with increase in temperature of the wire. At 300° combination was so rapid as to heat the wire 
to glowing point, so that the mixture exploded. It was therefore necessary to test the efficacy 
of the water-cooling of the electrodes. Parallel tests were made, with the electrodes cooled and 
uncooled, with dried electrolytic gas at 20 mm. pressure and with a number of different values 
for the discharge current. The results are shown as curves in Fig. 5. With the electrodes 
water-cooled, the curve relating rate of combination with discharge current is nearly a straight 
line, the ratio C (c.c. at N.T.P. per min.) to i (milliamps.) being 0-51 over the first part of the 
curve and rising to 0-62 when the current exceeded 3 milliamps. When the electrodes were not 
water-cooled, a discharge current greater than about 0-75 milliamp. heated the electrodes so 
much that catalytic combustion on their surfaces became appreciable. With discharge currents 
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greater than about 1-3 milliamps., the catalytic combustion, which was almost entirely at the 
cathode, masked that in the discharge itself. 

Rate of Combustion of Electrolytic Gas at Different Pressures.—With the electrodes water- 
cooled, so as to eliminate their catalytic action, the ratio C/i was determined with the electrolytic 
gas at pressures from 20 to 60 mm. The results are recorded in Fig. 6. The curves are similar 
to those obtained by Finch and Cowan. The rate of combination was independent of pressure 
when the discharge current was less than about 1-5 milliamps. 

Temperature Effects in the Discharge—An exploration of relative temperature changes in the 
gases through which the discharge was passed was made in two ways. 

(a) A thermocouple was made of copper and constantan wires, each of 36 S.W.G., and en- 
closed in a thin sheath of glass of diameter 1mm. With this thermocouple, variations in heating 
effect in different zones of the discharge with a current of 5 milliamps., passed in argon at 25 mm. 
pressure, were made (Table I). The room temperature was 18°. 


TABLE I. 
Temperature Measurements in Discharge in Argon. 
Temperature indicated. 





Position of thermocouple. Electrodes cooled. Electrodes uncooled. 

In line of discharge: (i) 0°5 mm. from cathode ... 95° 

(ii) 1°0 - ‘nts 

(iii) 2°0 pe 

(iv) 35, 

(v) 63 - ode 
Above centre of discharge, m ON . cnneitlnccanniiaaeet 
0 


Below - aun a 


A graph of the measurements in the line of discharge is shown in Fig. 7, from which it is 
evident that the discharge heats the gas in its path; the heating effect is greatest in the glow 


near each electrode, and the water-cooled electrodes absorb heat. The values in Table I show 
glow, but since this occupies a volume 
At the centre of the discharge in argon, the temperature reading increased with the dis- 


also that convection currents are pro- Fic. 7 

duced. For comparison, a typical curve me 

greater than that of the anode glow the 

concentration of energy may not be | 7 

charge current when the pressure was constant, and increased with the pressure of the argon 
when the discharge current was constant. On plotting the rise in temperature against the 


for the distribution of fall of potential 
! 2 3 
much greater at the cathode than at Distance from cathode, mm. 
discharge current for different pressures of the argon, the curves obtained were not regular; 


across the gap is shown in Fig. 8. At 

the anode the fall is small (about 20 

the anode. The maximum rise in tem- 

perature in the cathode zone was nearly 1} times that in the inter-electrode space. 

but smooth curves of the type ki? = Vi were obtained if the power liberated were plotted against 
the temperature, the value of x being about 2. A similar quadratic relation was obtained between 





Ss 
o¢ 


wo 
Oe 


Thermocouple reading. 
~s 
So 











n 
S 


volts) but steep ; across the inter-electrode 
space it is gradual; whilst most of 
the fall (about 380 volts) occurs near 
the cathode. The energy liberated in the 

(b) The temperature gradients in the discharge were also explored with mercury thermo- 
meters. These indicated temperatures about 50° higher than did the thermocouples, no doubt 
because heat was lost by conduction through the leads of the latter. Two thermometers were 
used, of lengths 43 and 35 mm. and diameters 3-5 and 2 mm. respectively. The temperature 


discharge is thus greatest near the elec- 
trodes; most is released in the cathode 

readings were nearly the same with each under similar conditions, those of the smaller being 
but a few degrees the higher. 
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the rise in temperature and the pressure of the gas, the power liberated being maintained con- 
stant. Thus for a given rise in temperature the value Vip was almost constant. 
In Fig. 9, values of Vip are plotted against the rise in temperature, ¢, and form a fairly 
smooth curve. In Fig. 10, values of log,, Vip are plotted against log,,¢. For small values 
of ¢ (when the discharge was striated) the 
Fic. 8. points are scattered. For higher values of 
600 t the points lie closely on a straight line of 
the type log Vip = a log t+ logC; hence 
the relation for the rise in temperature is 
of the form ¢ = k’(Vip)"*. The value of 
a is about 2, giving the relation ¢ = 
k’(Vip)*. The form of this relation, which 
is empirical, cannot indicate the separate 
effect of variation in the three factors 
involved, for they are inter-related; for 
example, even though it should be possible 
to express the relation in terms of V and p 
only (for equations could be obtained for 
the voltage current characteristic curves 
of the discharge passing at different values 
of p), it could not be assumed that variation 
in the value of 7 was of no moment. 
| | | | | | Temperature Effects during Combustion 
| 2 3 4 5 6 in the Discharge.—Similar explorations of 
Distance from cathode, mm. the temperature gradients were made when 
the discharge was passing in electrolytic 
gas. Similar curves relating ¢ with (Vip)* were obtained. During the course of these 
measurements, temperatures as high as 270° were recorded in the inter-electrode space, with 
presumably considerably higher temperatures in the electrode glows. There were thus 
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differences of temperature depending in a systematic manner on the pressure of the gas and 
the current in the discharge. 

In order to obtain a better understanding of the heating effect of the discharge, a study was 
made under constant experimental conditions of the relative temperatures obtained with 
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different gases in the combustion chamber; for, apart from variation in the amount of energy 
dissipated, the specific heat and viscosity of the gas should affect the rise of temperature. 
The results are recorded in Table II. 


TABLE II. 
Relative Temperature Effects of Discharge in Different Gases. 


Sp. ht. (cals. Relative Relative rise in temp. (corrected 
per g.-mol.). viscosity. for differences in fall of potential). 


4°97 221 
4°97 197 
6°86 89 
7°04 195 
6°93 171 
6°94 181 
8°79 146 


For the monatomic and diatomic gases, considered separately, the relative heating effects 
were such as would be anticipated from their specific heats and viscosities, but, considered as 
a whole, the results in Table II suggest no relationship. The results for the mixtures 2H, + O, 
and 2H, + N, indicate that there is no increased heating effect in the discharge due to heat of 
combustion of reacting gases. 

A mixture of electrolytic gas with nitrogen, argon, or helium as a diluent was prepared, 
such that, at the moment when observations of the rate of combination were started, its com- 
position would be 2H, + O, + X at 40 mm. pressure (the partial pressure of 2H, + O, being 
30mm.). The rate of combination was then determined, the discharge current being 5 milliamps. 
The results are recorded in Table III, the rate of combination of 2H, + O, initially at 30 mm. 
pressure being given for comparison. 

TaBLeE III. 
Rate of Combination of 2H, + O, + X. 
Rate of combination, Relative heating effect 
Mixture. c.c. at N.T.P./min. of X. 
4°11 — 
4°67 78 


3°52 56 
3°07 14 


Under the conditions of experiment, combustion occurred in the inter-electrode space as 
well as at the cathode. If combination occurred only between ionised molecules, it would be 
expected that helium, having a comparatively high ionisation potential (25 volts), would not 
become markedly ionised, and its presence therefore would not affect the rate of reaction; 
whilst nitrogen or argon, having ionisation potentials comparable with that of oxygen, would 
be ionised (any ionisation of the electrolytic gas being proportionately decreased) so that the 
presence of either should decrease the rate of reaction. Actually, the results show that the 
effect of the diluent gases was in accordance with the relative heating effects produced in them 
by the discharge. 


DEPARTMENT OF FUEL TECHNOLOGY, SHEFFIELD UNIVERSITY. [Received, October 25th, 1934.] 





418. Synthesis of Indoleacetic Acids. 
By FREDERICK E. KinG and PHILIBERT L’ECUYER. 


THE following experiments were made in connexion with a problem in alkaloid chemistry, 
and the substances to which the title especially refers are indole-3-acetic acid (I, R = H), 
synthesised by Ellinger (Ber., 1904, 37, 1801), its homologue (I, R = Me) (Piccinini, Chem. 
Centr., 1899, i, 1073), and the corresponding, but unknown, indole-2-acetic acids. For the 
particular object in view all four compounds are equally suitable, and the choice between 
them is entirely dependent on their relative ease of preparation. The recorded syntheses 
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being hardly satisfactory, more productive means of obtaining compounds of type (I) had 
to be found. The most promising of these appeared to be the selective decarboxylation of 
dibasic acids such as (II, R = H) (cf.,e.g., Barrett, Perkin, and Robinson, J., 1929, 2942). 


Oe Hy CO,H CUB 
2 


NMe 
(II. ; (III.) 


The diethyl ester of (II, R = H) was obtained by an application of Fischer’s indole 
synthesis, the requisite hydrazone being made from benzenediazonium chloride and ethyl 
a-acetylglutarate (Japp-Klingemann reaction). The iodopropionic ester used in preparing 
the latter was rapidly obtained from ethyl 6-chloropropionate and sodium iodide in boiling 
acetone, whereas Henry (Compt. rend., 1885, 100, 115) has stated that in alcoholic solution 
there is no reaction (contrast, however, Baker, J., 1933, 216). 

Hydrolysis of the diethyl ester gave an alcohol-insoluble sodium salt and thence the 
free dibasic acid (II, R= H). This, heated alone or in the presence of a solvent, invariably 
yielded skatole, but by collecting the carbon dioxide and interrupting the experiment after 
1 mol. had been expelled, a small amount of the desired compound (I, R = H) was isolable 
from the residue of unchanged dicarboxylic acid. 

2-Carboxy-1-methylindole-3-acetic acid (II, R = Me) was directly obtained from phenyl- 
methylhydrazine and «-ketoglutaric acid. It was converted at its melting point into 
1 : 3-dimethylindole, but cautious heating in quinoline until gas evolution slackened gave an 
appreciable amount of a compound with the properties recorded by Piccinini (loc. cit.) for 
1-methylindole-3-acetic acid (I, R = Me). A far better synthesis was discovered, however, 
during an attempt to esterify the acid (II, R = Me) with alcoholic hydrogen chloride, 
a sparingly soluble half ester separating. This was identified as ethyl 2-carboxy-1-methyl- 
indole-3-acetate (III), because on heating above its melting point to expel carbon dioxide, 
there remained a liquid (ethyl 1-methylindole-3-acetate) which when hydrolysed afforded the 
acid (I, R= Me). Had the half esterification of (II, R = Me) proceeded in the alternative 
direction, the product of these reactions would have been the quite different 1 : 3-dimethyl- 
indole-2-carboxylic acid already described by Kermack, Perkin, and Robinson (J., 1921, 
119, 1611). Since all the processes involved in the formation of (I, R = Me) give very 
satisfactory yields, this acid with its interesting synthetical possibilities is now readily 
available. 

Although the immediate problem was thus solved, it was yet considered of interest to 
study the decarboxylation of 3-carboxy-1-methylindole-2-acetic acid (IV). This was obtained 


CO,H O,Et O,Et 
H,°CO,H Me H,°CO,H 
NMe NMe Me 
(IV.) (V.) (VI.) 


from the phenylmethylhydrazone of ethyl acetonedicarboxylate, which when cyclised with 
alcoholic hydrogen chloride yielded (IV) as the diethyl ester. From this ester, according to 
the nature of the acid used in isolating the hydrolysis product, either the free acid (IV) or 
an acid potassium salt was obtained, but from neither substance was it possible to proceed 
to a monocarboxylic acid. 

Under other conditions of hydrolysis a half ester of (IV) was obtained, and by its thermal 
decomposition to ethyl 1 : 2-dimethylindole-3-carboxylate (V) (Degen, Amnalen, 1886, 
236, 157) this was shown to be 3-carbethoxy-1-methylindole-2-acetic acid (V1). Owing to a 
considerable disparity between the melting point of the acid derived from (V) and that 
recorded for 1 : 2-dimethylindole-3-carboxylic acid, the preparation due to Degen (/oc. cit.) 
was repeated by an improved method. The ester and the acid thus obtained were found to 
be identical with the specimens derived from the new compound (VI). 
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EXPERIMENTAL. 


Ethyl B-Iodopropionate.—Acetone (250 c.c.), ethyl B-chloropropionate (50 g.), and anhydrous 
sodium iodide (70 g.) were heated on a steam-bath, at first for 2 hours under reflux, and then to 
expel the solvent. From the residue, washed with aqueous sodium thiosulphate, ethyl B- 
iodopropionate (yields, 80—90%) was isolated by distillation (b. p. 85°/13 mm.). 

Ethyl 2-Carbethoxyindole-3-acetate—Ethyl a-acetylglutarate (48 g.), prepared from the 
iodopropionic ester and ethyl sodioacetoacetate (Perkin and Simonsen, J., 1907, 91, 1740), 
was dissolved in alcohol (200 c.c.) and aqueous sodium hydroxide (150 c.c. of 20%) below 0°. 
A solution of benzenediazonium chloride, prepared from aniline (19-5 g.), concentrated hydro- 
chloric acid (61 c.c.), water (105 c.c.), and sodium nitrite (14-2 g.), was immediately added, and 
the red oil which separated and then solidified on acidification with dilute acid, was collected. 
After drying over concentrated sulphuric acid, the crude hydrazone (38 g.) was dissolved in 
absolute alcohol (80 c.c.), and the solution saturated with hydrogen chloride and heated under 
reflux on a steam-bath for 45 minutes. Water (200 c.c.) precipitated an oil which rapidly 
solidified, and two crystallisations from small amounts of alcohol (20—25 c.c.) gave ethyl 
2-carbethoxyindole-3-acetate (Keimatsu and Sugasawa, J. Pharm. Soc. Japan, 1928, 48, 101) 
of m. p. 82—84°. The pure indole ester crystallised in long rectangular plates, m. p. 85° (Found : 
C, 65-2; H, 6-1. Calc. for C,;H,,O,N: C, 65-4; H, 6-2%). 

2-Carboxyindole-3-acetic Acid (II, R = H) (see Kermack, Perkin, and Robinson, Joc. cit., 

p. 1622).—Sodium hydroxide (9 g.) in water (6 c.c.) and alcohol (40 c.c.) was added to the 
indole-ester (16 g.) dissolved in alcohol (40 c.c.), and the solution heated under reflux on a steam- 
bath. Almost immediately a thick white paste of the disodium salt formed, which after 10 
minutes was cooled and collected. The crystalline salt, dissolved in water (30 c.c.) and treated 
with a slight excess of hydrochloric acid, yielded 2-carboxyindole-3-acetic acid (12-5 g.), m. p. 
230—235°. Recrystallisation from aqueous alcohol gave colourless, pointed stout prisms, m. p. 
236° with loss of carbon dioxide (Found: C, 60-1; H, 4:2. Calc. for C,,H,O,N: C, 60-3; H, 
4-1%). 
Indole-3-acetic Acid.—By careful heating (oil-bath) at its m. p., 2-carboxyindole-3-acetic 
acid was completely degraded to skatole. Even when solvents (¢.g., diphenylamine and 
quinoline) were used and carbon dioxide was evolved at 195—200°, the result was similar, and 
so the following procedure was adopted. The acid (1 g.), dissolved in quinoline (5 g.) containing 
a trace of copper:powder, was heated in an oil-bath at 195° until 1 mol. of gas (102 c.c., collected 
over carbon tetrachloride) had been evolved (1} hours). The cooled product, dissolved in ether, 
was shaken with aqueous sodium hydroxide, and the alkaline solution acidified and extracted 
twice with hot ethyl acetate. The extract was evaporated to dryness, and the crystalline 
residue boiled with small quantities of benzene (total, 15—20 c.c.), which removed the crude 
monocarboxylic acid (0-11 g.), m. p. 159—162°, from the unchanged compound (II, R = H) 
(0-5 g.). Recrystallisation from water (charcoal) and benzene gave indole-3-acetic acid, m. p. 
164—165°, in colourless hexagonal plates (Found: C, 68-5; H, 5-1. Calc. for C,)H,O,N : 
C, 68-6; H, 5-1%). 

2-Carboxy-1-methylindole-3-acetic Acid (II, R = Me).—A cooled solution of phenylmethyl- 
hydrazine (24 g.) and a-ketoglutaric acid (30 g.) in water (120 c.c.) and acetic acid (30 c.c.) 
slowly deposited a cream-coloured solid (90% yield), m. p. ca. 95° (decomp.). When, however, 
this mixture was heated on a steam-bath for 30 minutes, darkening occurred, and by cooling 
and dilution with water (100 c.c.), 2-carboxy-1-methylindole-3-acetic acid (31 g., some accidental 
loss) was obtained, which crystallised from a moderate volume of acetic acid in colourless prisms, 
m. p. 234° with loss of carbon dioxide (Found: C, 61-5; H, 4:7; N, 6-1. C,,H,,O,N requires 
C, 61:8; H, 4:7; N, 60%). The dicarboxylic acid dissolves but sparingly, being most soluble 
in alcohol and acetic acid. With boiling alcoholic p-dimethylaminobenzaldehyde and con- 
centrated hydrochloric acid (Ehrlich’s reagent) it slowly gives a reddish-purple colour, which fades 
in the cold but is restored by heating, thus recalling the behaviour of the indole (II, R = H) 
(Kermack, Perkin, and Robinson, /oc. cit.). 

Decarboxylation of 2-Carboxy-1-methylindole-3-acetic Acid (II, R = Me).—(i) When the acid 
(II, R = Me) was heated at its m. p. under diminished pressure, 1 : 3-dimethylindole (b. p. 
130°/12 mm.) distilled (Found: C, 82-8; H, 7-6. Calc. for CyH,,N: C, 82-8; H, 76%). 
With Ehrlich’s reagent this gave the deep colour characteristic of 1 : 3-dialkylated indoles 
(cf. J., 1933, 271). 

(ii) The dicarboxylic acid (1 g.), in quinoline (5 g.) containing a trace of copper powder, was 
heated in an oil-bath at 195—200° for 1} hours. Evolution of carbon dioxide had then slackened, 
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and the solution was cooled and shaken with aqueous sodium hydroxide and ether. The 
aqueous layer when acidified deposited a reddish solid, which after crystallisation from aqueous 
alcohol (charcoal) and then petroleum (b. p. 100—120°) gave 1-methylindole-3-acetic acid 
(0-4 g.), in colourless prisms, m. p. ca. 128° (Found: C, 69-7; H, 5-9. Calc. for C,,H,,0,N : 
C, 69-8; H, 5-8%). The acid is freely soluble in organic solvents except petroleum, and gives 
with Ehrlich’s reagent only the feeble reaction of the parent dicarboxylic acid (II, R = Me). 

Ethyl 2-Carboxy-1-methylindole-3-acetate (III).—A solution of 2-carboxy-1-methylindole-3- 
acetic acid (21 g.) in absolute alcohol (50 c.c.) was heated on a steam-bath during saturation with 
hydrogen chloride. Within 15 minutes crystals appeared, the solution rapidly became pasty 
with the precipitated monoethy] ester, and after 20 minutes water was added. Ethyl 2-carboxy- 
1-methylindole-3-acetate crystallised from a moderate volume of boiling alcohol in voluminous 
aggregates of colourless slender prisms (18 g.), m. p. 184° with slight effervescence (Found : 
C, 64-4; H, 5-7. C,,H,,0,N requires C, 64-4; H, 5-7%). It dissolves readily in warm aqueous 
sodium bicarbonate, and is soluble in all the common organic solvents except light petroleum. 

Ethyl 1-Methylindole-3-acetate.—The foregoing dicarboxyindole mono-ester (18 g.) was heated 
in an open flask by an oil-bath at 190—200°. Evolution of carbon dioxide proceeded smoothly 
with comparatively little darkening, and pure ethyl 1-methylindole-3-acetate (11-5 g.) was readily 
obtained as a straw-coloured liquid, b. p. 165°/1 mm., by a single distillation (Found : C, 72-0; 
H, 6-9. C,,;H,,0,N requires C, 71-9; H, 6-9%). 

1-Methylindole-3-acetic Acid (I, R = Me).—The ester (2 g.) was hydrolysed by potassium 
hydroxide (1-2 g.), dissolved in water (2 c.c.) and alcohol (10 c.c.), heated under reflux at 100° 
for 20 minutes. The solution was then concentrated, and the 1-methylindole-3-acetic acid 
(1-6 g.) liberated by acidification with dilute acetic acid. When recrystallised, it had m. p. 128°, 
alone or mixed with a specimen obtained from the acid (II, R = Me). 

Ethyl 3-Carbethoxy-1-methylindole-2-acetate.—Phenylmethylhydrazine (5 g.) reacted mildly 
with acetonedicarboxylic ester (8-7 g.) in an evacuated desiccator, giving a syrupy hydrazone. 
On passing hydrogen chloride into a solution of this product in alcohol (20 c.c.), a sudden rise of 
temperature occurred and ammonium chloride separated. When the solution was saturated, 
water was added, and the precipitated solid (9—10 g.) was dried and crystallised from petroleum 
(b. p. 60—80°). The indoledicarboxylic ester was obtained in magnificent colourless needles, 
m. p. 90° (Found : C, 66-3; H, 6-8; N, 5-0. C,,H,,0O,N requires C, 66-4; H, 6-6; N, 4-8%). 

3-Carboxy-1-methylindole-2-acetic Acid (IV).—A solution of the foregoing ester (3 g.) in alcohol 
(22 c.c.) containing potassium hydroxide (2-4 g.) and water (2-5 c.c.), which had been refluxed 
at 100° for 15 minutes, was concentrated, cooled, and acidified with the minimum amount of 
dilute hydrochloric acid. The moist, freshly precipitated acid tended to acquire a pink colour, 
and to avoid such decomposition, the product was at once filtered, washed, and crystallised from 
aqueous alcohol (80%). The dicarboxylic acid was thus obtained in colourless prisms, m. p. 
262° with loss of carbon dioxide (Found: C, 61:3; H, 4-7. C,,H,,O,N requires C, 61-8; 
H, 47%). With Ehrlich’s reagent a persistent deep crimson colour was produced. This 
exactly matched the colour reaction of 1 : 2-dimethylindole (m. p. 55°), which was obtained on 
heating the dicarboxylic acid to its m. p. Dissolved in quinoline, the acid lost carbon dioxide 
at temperatures as low as 130—140°, but even when the heating was stopped after the evolution 
of 1 mol. of gas, no monocarboxylic acid could be isolated from the product. 

By using acetic acid to acidify the solution obtained after hydrolysis of the ester, a white 
solid was obtained which crystallised from aqueous alcohol (75%) in colourless, long, rectangular 
leaflets, charring at 320°. This compound, which contained potassium, dissolved in water, 
giving a solution acid to litmus, and was probably an acid potassium salt. No new acid was 
obtained by heating this salt under the various conditions already described, and attempts to 
convert it into a half ester were also unsuccessful, 

3-Carbethoxy-1-methylindole-2-acetic Acid (V1).—The dissolution at room temperature ot 
ethyl 3-carbethoxy-1-methylindole-2-acetate (4 g.) in alcohol (30 c.c.) containing potassium 
hydroxide (3-2 g.) in water (2 c.c.) was rapidly followed by the formation of a white paste of 
crystals. After an hour, water and a slight excess of hydrochloric acid were added; the solid 
product (3-5 g.) crystallised from aqueous alcohol in colourless long needles of 3-carbethoxy-1- 
methylindole-2-acetic acid, m. p. 170° with loss of carbon dioxide (Found: C, 64-1; H, 5:7. 
C,4H,,0,N requires C, 64-4; H, 5-7%). 

1 : 2-Dimethylindole-3-carboxylic Acid.—(i) The foregoing half ester (2-2 g.) was maintained 
at 180—190° (oil-bath) until carbon dioxide ceased to be evolved. The residue (1-8 g.) immedi- 
ately solidified on cooling, and by crystallisation from alcohol the compound (V) was obtained 





mo. eed 


4a > ss © oo 


=~ mw CC. 45 fee BRS 


Cyanine Dyes containing an isoQuinoline Nucleus. 1905 


in colourless plates, m. p. 96°. Hydrolysis of this ester by refluxing with a solution of potassium 
hydroxide (1-5 g.) in water (1-5 c.c.) and alcohol (10 c.c.) occupied at least 30 minutes. 1 : 2- 
Dimethylindole-3-carboxylic acid was then isolated in the usual way, and when crystallised 
from moderate volumes of ethyl acetate, separated first in micro-crystalline flocks which later 
changed to compact square tablets, m. p. 217° with loss of carbon dioxide (Found: C, 69-8; 
H, 5:8. Calc. for C,,H,,O,N : C, 69-8; H, 5-9%). Degen (loc. cit.) and Angeli and Alessandri 
(Chem. Centr., 1915, i, 609) give m. p. 185°. Tested with Ehrlich’s reagent, the acid gave the 
deep scarlet colour reminiscent of 1 : 2-dimethylindole. 

(ii) A mixture of phenylmethylhydrazine (5 g.) and ethyl acetoacetate (5 g.), after 10 
minutes at 100°, was dissolved in alcohol and saturated with hydrogen chloride (cf. Degen’s 
use of zinc chloride). Ammonium chloride then appeared, and, following short heating under 
reflux, the product was poured into water. The precipitated solid (3-5—4 g.) crystallised from 
alcohol in colourless plates, m. p. 96°, which on hydrolysis yielded 1 : 2-dimethylindole-3- 
carboxylic acid, m. p. 217°. 


This work was carried out during the tenure by one of us (P. L’E.) of a Rhodes Scholarship. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, September 6th, 1934.] 





419. Cyanine Dyes containing an isoQuinoline Nucleus. 
By NELLIE I. FISHER and FRANCES M. HAMER. 


HoOGEWERFF and VAN Dorp wrote that the only essential difference between quinoline and 
isoquinoline is that, under the influence of potassium hydroxide, quaternary iodides of the 
former give cyanine dyes with quaternary iodides of lepidine and of quinaldine, whereas 
those of the latter do not (Rec. trav. chim., 1886, 5, 305). In comparatively recent years, 
additional types of cyanines containing a quinoline nucleus have been discovered, but 
the corresponding cyanines containing an isoquinoline nucleus are here described for the 
first time. The successful method is different from that attempted by Hoogewerff and 
van Dorp, and consists in an extension of the %-cyanine condensation. 

The first -cyanine was isolated and identified by Fischer and Scheibe, who condensed 
2-iodoquinoline methiodide with quinaldine methiodide (J. pr. Chem., 1919, 100, 86). 
It was shown by one of us that the condensation is a general one between 2-iodoquinoline 
alkiodide and a heterocyclic ammonium salt containing a reactive methyl group (Hamer, 
J., 1928, 206; cf. idem, J., 1929, 2598; 1930, 995), and subsequently the method was 
extended, in that the 2-iodoquinoline alkiodide was replaced by an alkiodide of 2-iodopyr- 
idine or of 2-iodo-8-naphthaquinoline (Hamer and Kelly, J., 1931, 777). 

In the present work, new intermediates, 1-iodotsoquinoline alkiodides, are condensed 
with heterocyclic ammonium salts containing a reactive methyl group, for synthesising 
cyanine dyes of various new types. 

The method of preparation of 1-iodotsoquinoline alkiodides is analogous to that used 
for the 2-iodoquinoline compounds. Thus by that modification of Decker’s original 
method (J. pr. Chem., 1893, 47, 28) which proved suitable in the quinoline series (Hamer and 
Kelly, loc. cit.), a quaternary salt of isoquinoline was converted into 2-alkyl-1-isoquinolone. 
From 2-methyl- and 2-ethyl-1-isoquinolone was prepared 1-chlorotsoquinoline, which has a 
considerably lower melting point than that which Gabriel and Colman ascribed to the same 
base, as prepared by a different method (Ber., 1900, 33, 980). Just as alkyl iodides convert 
2-chloroquinoline into 2-iodoquinoline alkiodide (Roser, Amnalen,\1894, 282, 373; cf. 
Hamer, J., 1928, 206), so similarly 1-todoisoguinoline methiodide and ebhiodide may be pre- 
pared from 1-chlorotsoquinoline. The action of n-propyl iodide and of ethyl bromide on 
1-chloroisoquinoline gave 1-iodoisoguinoline n-propiodide and 1-bromoisoguinoline etho- 
bromide, respectively, though analogous compounds were not obtained from 2-chloro- 
quinoline. The reactivity of 1l-iodossoquinoline alkiodides is illustrated by the very 
great loss which occurs in attempts to recrystallise them from water or from alcohol. 
They react with ammonia and with aniline to give, respectively, l-amino- and 1-anilino- 
isoquinoline alkiodides. 
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Just as quinaldine alkyl salts condense with 2-iodoquinoline alkiodide to give y-cyanines 
(better called 2 : 2’-cyanines), so also do they condense with 1- iodotsoquinoline alkiodides, 
under the influence of alkali, to give dyes (I) of anew type. It is not proposed to introduce 
a special name for these compounds, since their description as 2 : 1’-cyanines, together with 
the numbering of the alkyl groups, makes evident the presence of the isoquinoline nucleus. 
The method of numbering is indicated, and dashes are appended to the numerals of the 
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isoquinoline nucleus. Five 2 : 1’-cyanines have been prepared, including one containing a 
8-naphthaquinoline instead of a quinoline nucleus; the yields of recrystallised product 
varied from 23—70%. The colours of alcoholic solutions of the 2 : 1’-cyanines are visually 
indistinguishable from those of the corresponding #- cyanines. 

Besides the foregoing method of preparation, 2: 1’-cyanines may also, in certain cases, 
and in spite of the statement to the contrary, be obtained by condensation of a quaternary 
salt of quinaldine with one of isoquinoline. Thus by the action of alkali on an alcoholic 
solution of the ethiodides of quinaldine and isoquinoline, was obtained the same 2: l’- 
cyanine as had already been prepared from quinaldine ethiodide and 1-iodossoquinoline 
ethiodide. Our colleague, Dr. L. G. S. Brooker, independently, and indeed previously, came 
to the same conclusion. This was the very instance in which Hoogewerff and van Dorp 
obtained a negative result (loc. cit.), but of course the colour of the 2: 1’-cyanine is very 
different from the isocyanine colour which they, perhaps, expected. The method is 
definitely inferior to our new method, since the yield of recrystallised product was only 
9%. Moreover it is apparently not a general reaction, for in attempts to condense the 
methiodides of quinaldine and isoquinoline, no 2: 1'-cyanine was isolated: the dye, 
which resulted in 12% yield after recrystallisation, was identified with the ssocyanine 
obtained by condensing together two molecules of quinaldine methiodide. 

tsoQuinoline-red (II) is, according to the formula of Vongerichten and Homann (Ber., 
1912, 45, 3446; cf. Scheibe, Ber., 1921, 54, 786), a 2: 1’-cyanine of a special kind. The 
colour of its solution, although similar to those of our simple 2 : 1’-cyanines, differs markedly 
from them in being fluorescent. 

Just as lepidine alkyl salts condense with 2-iodoquinoline alkiodides to give zsocyanines 
(Hamer, J., 1928, 206) (better called 2 : 4’- or 4: 2’-cyanines), so also they condense with 
1-iodotsoquinoline alkiodides to give 4 : er: sc After recrystallisation, a 2") of 
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this type was obtained in 56% yield. Although its colour was like that of a typical iso- 
cyanine, the absorption band was very broad and could not be resolved into two bands, 
whereas the spectra of the ssocyanines are definitely double-banded. 

Corresponding to the thia-s-cyanines (better called thia-2’-cyanines) which are obtained 
by condensing l-methylbenzthiazole quaternary salts with 2-iodoquinoline alkiodides 
(Hamer, loc. cit.), thia-1'-cyanines (IV) are now obtained, from 1-methylbenzthiazole 
quaternary salts and 1-iodossoquinoline alkiodides. Four dyes of this type were prepared, 
including examples containing a 1l-methyl-«- or a 2-methyl-$-naphthathiazole nucleus 
instead of a 1-methylbenzthiazole nucleus; the yields of recrystallised product varied from 
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40—52%,. The thia-1’-cyanines give orange to pink solutions and the absorption occurs 
somewhat nearer to the region of long wave-length than with the corresponding thia-2’- 
cyanines. In certain cases there are indications that the broad absorption band might be 
resolvable into two bands, but this is very indefinite. 

Similarly, corresponding to the selena-y%-cyanines (or selena-2’-cyanines) (I. G. Far- 
benind. A.-G., B.P. 386,791/1932), a selena-1’-cyanine has now been prepared from 1- 
methylbenzselenazole ethiodide and 1l-iodotsoquinoline methiodide. We have already 
recorded how little the absorption band of a cyanine dye shifts on replacement of a sulphur 
by a selenium atom (Fisher and Hamer, J., 1933, 189), and in the present case the absorption 
of the selena-l’-cyanine is practically identical with that of a simple thia-1’-cyanine; 
the maximum is nearer to the red than that of the corresponding selena-2’-cyanine. 

By condensing 2 : 4-dimethylthiazole ethiodide with 1-iodozsoquinoline methiodide, the 
thiazolo-1’-cyanine (V) was prepared, and it corresponds to the thiazolo-2’-cyanines prepared 
by use of 2-iodoquinoline alkiodides (Kodak Ltd., B.P. 408,570/1932). We pointed out in 
the carbocyanine series how little colour change is caused by replacing benzthiazole by 
thiazole nuclei (J., 1930, 2502), and similarly here the thiazolo-1’-cyanine shows the same 
colour in alcoholic solution as do the simple thia-l’-cyanines. Comparing the %-cyanines 
with the 2 : 1’-cyanines, the zsocyanines with the 4 : 1’-cyanines, the thia-%-cyanines with 
the thia-1’-cyanines, and the selena-y-cyanines with the selena-1’-cyanines, it is seen that, 
for both members of a pair, the length of the carbon chain which joins the nitrogen atoms is 
the same. It is perhaps not surprising, therefore, that the colours of both members should 
be so similar. However, as regards photographic sensitising action, the analogy is by no 
means so complete : thus, although the new groups of cyanines containing an isoquinoline 
nucleus do comprise dyes possessing colour-sensitising properties, their action is, in general, 
definitely weaker than that of the corresponding compounds which contain a quinoline in 
place of the zsoquinoline nucleus. 

All the absorption spectra were photographed in methyl-alcoholic solution and we are 
indebted to Dr. A. Batley and to Mr. R. H. Bomback for doing this work. 


EXPERIMENTAL. 


2-Methyl-1-isoquinolone.—Pure isoquinoline (50 g.; 1 mol.) was warmed on the water-bath 
with methyl p-toluenesulphonate (72 g.; 1 mol.): vigorous reaction occurred and a white 
crystalline compound was formed; heating was continued for one hour. The isoquinoline 
metho-p-toluenesulphonate was then dissolved in warm water (200 c.c.) and slowly added to an 
ice-cooled mixture of finely powdered potassium ferricyanide (280 g.; 2-2 mols.) and potassium 
hydroxide solution (87 g., 4 mols., in 200 c.c. of water), which had been covered with benzene 
(2 1.). The temperature being kept below 35°, more potassium hydroxide powder (800 g.) 
was then added. Finally the mixture was heated on the water-bath, and the benzene extract 
filtered hot. The solid was further extracted with hot benzene (21., 11., 11.) and the combined 
extracts were dried over anhydrous sodium sulphate. After distillation of the solvent, the 
residue was submitted to vacuum distillation. A small fraction (2-8 g.), b. p. up to 182°/20—30 
mm., was kept separate and then the chief fraction, b. p. 182—-207°/20—30 mm., was collected, 
a tarry residue being rejected. Inoculation of the main fraction gave a 62% yield (38-5 g.) of 
2-methyl-1-isoquinolone, m. p. 35°, b. p. 197°/20—30 mm. After recrystallisation from petrol 
(40 c.c. per g.) the m. p. was 38°, with previous softening. Decker (J. pr. Chem., 1893, 47, 28) 
gives m. p. 38—40°. 

2-Ethyl-1-isoquinolone (and similarly 2-methyl-1-isoquinolone) was prepared by Bamberger 
and Frew from 2-ethyl-1-isoquinolone-3-carboxylic acid, as a liquid, b. p. 310—311°/721 mm., 
240°/120 mm. (Ber., 1894, 27, 198). In the present work, however, the method is exactly 
analogous to that employed for the corresponding 2-methyl compound. A 55% yield was 
obtained ; the product was a yellow oil, b. p. 195—197°/10—20 mm. 

1-Chloroisoquinoline.—A mixture of 2-methyl-l-isoquinolone (30 g.; 1 mol.), phosphorus 
pentachloride (46 g.; 1-2 mols.), and phosphorus oxychloride (50 c.c.), heated under reflux in an 
oil-bath at 150—160° for 28 hours and frequently shaken, became completely liquid. The excess 
of oxychloride was distilled off and the residue was poured on ice and made alkaline with sodium 
hydroxide. The liberated base was extracted in benzene, dried (anhydrous sodium sulphate), 
recovered, and distilled in a vacuum; b. p. 158—165°/20—30 mm. Analysis indicated the 
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presence of about 20% of unchanged 2-methyl-l-isoquinolone. As this is non-volatile in steam, 
and the chloro-compound is volatile, separation was effected by steam-distillation. The non- 
volatile residue was extracted in benzene, dried, and after removal of the solvent, distilled in a 
vacuum, yielding 13% of the original quinolone as a crystalline solid. The distillate from the 
steam-distillation was similarly extracted, and the base distilled ina vacuum. Calculated from 
the original weight of quinolone, the yield of 1-chloroisoquinoline was 66% (20-3 g.), b. p. 160— 
165°/20—30 mm.; there was a little higher-boiling residue (Found: Cl, 21-8. Calc. for 
C,H,NC1:Cl, 21-7%). When cooled, it solidified to colourless crystals, m. p, 23—24°, with soften- 
ing from 19°, b. p. 277—278°/759 mm. Gabriel and Colman prepared 1-chloroisoquinoline 
from 1l-hydroxyisoquinoline and record m. p. 37—38°, b. p. 274—275°/768 mm. (Ber., 1900, 33, 
980). 
The preparation of 1-chloroisoquinoline from 2-ethyl-1-isoquinolone is conducted similarly. 
1-Iodoisoquinoline Methiodide.—1-Chloroisoquinoline (5-7 g.; 1 mol.) and methyl iodide 

(5-2 c.c.; 2-4 mols.) were heated in a sealed tube at 100° for 2 days. The solid contents were 

ground with acetone (20 c.c. x 3) and the residual yellow substance was further purified by 

extraction withether. The yield of undissolved 1-iodoisoquinoline methiodide (10-5 g.) was 76%. 

In preparing this compound in an open vessel, there is no advantage in boiling for more than 
2hours. Although the yield is not so good, being only 61% after acetone treatment, the method 
is more convenient for large-scale work. The salt as prepared by either of these methods was 
considered satisfactory for use, though its iodine content was somewhat high (Found : I, 64-4, 
65-3% for the two preparations). Its purification could be effected by suspending it (2 g.) in 
acetone (10 c.c.) and passing in sulphur dioxide; the solid was filtered off, washed with acetone, 
and recrystallised from water (50 c.c. per g.; 0-83 g. obtained). The pale yellow crystals were 
dried in a vacuum until of constant weight and analysed by the method of Carius. The temper- 
ature of drying was 80—100°. These methods of drying and analysis were used throughout this 
work, except where otherwise stated (Found: I, 64-1. C, )H,NI, requires I, 63-9%). M. p. 
228° (decomp.). 

1-lodoisoquinoline ethiodide was similarly prepared (sealed tube) and purified (yield, 77%). 
When the preparation was carried out in an open vessel, the optimum result, a 72% yield after 
grinding with acetone, was obtained by boiling for 16 hours (Found: I, 62-4%). Treatment 
as in the case of the methiodide, with sulphur dioxide, followed by recrystallisation from water 
(20 c.c. per g.) effected a purification, but reduced the weight to one-eighth, since great loss 
occurred on recrystallisation (Found : I, 62-1. C,,H,,NI, requires I, 61-8%). M. p. 188—189° 
(decomp.). 

1-Aminoisoguinoline Ethiodide.—On treatment of 1-iodoisoquinoline ethiodide (2 g.) with 
cold aqueous ammonia (d 0-880; 2 c.c.), vigorous reaction occurred, with evolution of heat. 
After being heated under reflux for 10 minutes, all the original solid had dissolved, but when the 
pinkish solution was cooled, a white substance crystallised. Its iodine content was high (Found : 
I, 57-3%), but after two recrystallisations from methyl] alcohol (10 c.c. per g.), the value approx- 
imated to the theoretical, and the yield was 31% (Found: I, 42-55. C,,H,,N,I requires I, 
42-3%). M.p. 194°. 

1-A nilinoisoguinoline Ethiodide.—A suspension of 1-iodoisoquinoline ethiodide (5 g.; 1 mol.) 
in absolute alcohol (50 c.c.) was treated with aniline (2-2 c.c.; 2 mols.), and the mixture was 
boiled, with mechanical stirring, for 5 minutes, The original solid dissolved and pale yellow 
crystals separated on cooling. After washing with ether, the yield was 87% (4-0g.)._ Recrystal- 
lisation from methyl alcohol (10 c.c.) gave a 57% yield of pale yellow solid (Found: I, 33-9. 
C,,H,,N,I requires I, 33-75%). M. p. 192—193°, with previous softening. 

1-Bromoisoquinoline ethobromide was obtained from 1-chloroisoquinoline and ethyl bromide, 
by the sealed tube method. After ether extraction, the yield of almost colourless residue was 
28% (Found: Br, 50-1. C,,H,,NBr, requires Br, 50-4%). Itis hygroscopic; m. p. 128° with 
softening from 118°. 

1-Iodoisoquinoline n-propiodide was prepared from 1-chloroisoquinoline and n-propyl iodide 
by the sealed tube method. After washing with ether, the brown sticky residue changed to a 
yellow solid on treatment with acetone, and was finally purified by extraction with ether in a 
Soxhlet apparatus. The yield of residue was 40% (Found: I, 60-4. C,,H,,NI, requires I, 
59-7%). M. p. 116—117° (decomp.). 

1 : 2’-Dimethyl-2 : 1'-cyanine Iodide (1).—Quinaldine methiodide (1-8 g.; 1 mol.) and l- 
iodoisoquinoline methiodide (2-5 g.; 1 mol.) were stirred mechanically with boiling absolute 
alcohol (30 c.c.). A solution of sodium (0-32 g.; 2-2 atoms) in absolute alcohol (20 c.c.) was 
added, and boiling and stirring were continued for 20 minutes. During this time the original 
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solids dissolved, a red colour developed, and dye crystallised on cooling. It was filtered off and 
washed with ether, and the yield was 79%. After recrystallisation from methyl alcohol (45 c.c.), 
the yield (1-58 g.) was 57% (Found: I, 30-1. C,,H,,N,I requires I, 29-8%). M. p. 234° 
(decomp.). By using triethylamine instead of sodium, as recommended by Kodak Ltd. (B.P. 
408,571/1932), the yield of recrystallised product was 70%. The chief absorption band has its 
maximum at 4515 uy and there is a secondary band at 485 uy. 

An unsuccessful attempt was made to prepare this dye by the interaction of the methiodides 
of quinaldine and isoquinoline: quinaldine methiodide (4-74 g.; 1 mol.) and isoquinoline 
methiodide (9 g.; 2 mols.), dissolved in boiling absolute alcohol (125 c.c.), were treated with a 
solution of sodium (0-46 g.; 2 atoms) in absolute alcohol (50 c.c.); the mixture was boiled and 
stirred for 15 minutes, and acetic acid then added (2-5c.c.). Dye separated as a tar, and more 
was obtained by decanting the liquid and concentrating itina vacuum. The tar did not harden 
when washed with ether, but solid was obtained by treatment with hot acetone (50 c.c.), followed 
by cooling in a freezing mixture. It was filtered off and ground with ice-water and finally with 
ether. The crude dye (0-34 g.; 23% yield) was boiled out with four successive amounts of 
methyl] alcohol (60 c.c. in all), but as all four gave identical products, they were combined, the 
total yield being 12% (0-18 g.). The colour of an alcoholic solution was red, whereas that of 
1 ; 2’-dimethyl-2 : 1'-cyanine iodide is orange. The red colour is the same as that of 1: 1’ : 2- 
trimethylisocyanine iodide, the isocyanine obtained when two molecules of quinaldine methiodide 
condense. The present compound was identical with this isocyanine in m. p. 273° (decomp.), 
mixed m. p., absorption spectrum, and photographic action (Found: I, 28-5. Calc. for 
C,.H,,N,I: I, 28-8%). 

2’-Methyl-1-ethyl-2 : 1'-cyanine iodide was prepared from quinaldine ethiodide and 1-iodoiso- 
quinoline methiodide, triethylamine being used as condensing agent. After recrystallisation 
from methyl alcohol (25 c.c. per g.), the yield was 60%. The dye was dried for analysis in a 
vacuum at 60—80° (Found: I, 29-0. C,,H,,N,I requires I, 28-8%). M. p. 250° (decomp.). 
The chief absorption maximum lies at ) 520 uy and a secondary one at 480 uy. 

1 : 2’-Diethyl-2 : 1'-cyanine iodide was prepared from quinaldine ethiodide and 1-iodoiso- 
quinoline ethiodide, sodium dissolved in alcohol being used as condensing agent. After recrys- 
tallisation from methyl alcohol (40 c.c. per g.), the yield was 55%. The dye was again recrystal- 
lised before analysis (Found : I, 27-9. C,,;H,,N,I requires I, 27-95%). M. p. 258° (decomp.). 
The principal absorption band has its crest at } 525 wp and the secondary one at 480 py. 

The dye was also prepared by the interaction of quinaldine ethiodide (5 g.; 1 mol.) and iso- 
quinoline ethiodide (9-53 g.; 2 mols.) by the method which failed in the case of 1 : 2’-dimethyl- 
2: 1'-cyanine iodide. In the present instance, the desired product crystallised on cooling, and a 
small further crop was obtained by concentrating the filtrateina vacuum. After extraction with 
ether (Soxhlet), the undissolved dye (1-19 g.; 16% yield) was recrystallised from methyl alcohol 
(40 c.c.), the yield then being 9% (0-72 g.), and again from methyl alcohol (30 c.c.), the yield 
being 6% (0-45 g.) (Found: I, 27-9%). This dye had the same m. p. and mixed m. p. as the 
sample prepared from quinaldine ethiodide and 1-iodoisoquinoline ethiodide; moreover their 
absorption spectra were identical, as also were their effects on a photographic plate. 

6 : 2'-Dimethyl-1-ethyl-2 : 1'-cyanine iodide was prepared from p-toluquinaldine ethiodide 
and 1-iodoisoquinoline methiodide, by means of triethylamine. After recrystallisation from 
methyl alcohol (25 c.c. per g.), the yield was 42%. The dye was again recrystallised before 
analysis (Found: I, 27-9. C,,H,;N,I requires I, 27-95%). M. p. 234° (decomp.). The 
absorption maxima are at 4 525 wu and 490 uy, the former band being the stronger. Thisand the 
three preceding dyes are all very similar in appearance : dull red crystals with a greenish reflex. 

2’-Methyl-1-ethyl-5 : 6-benz-2 : 1'-cyanine iodide was prepared from §$-naphthaquinaldine 
ethiodide and 1-iodoisoquinoline methiodide, by means of sodium. As the crude product 
appeared to contain unchanged salts, it was well washed with water before ether extraction. 
After recrystallisation from methy] alcohol (75 c.c. per g.), the yield was 23% (Found : I, 25-9. 
C.,H,3N,I requires I, 25-9%). M. p. 250° (decomp.). The chief absorption maximum lies at 
2 525 wy and there is another ill-defined maximum at 500 uy. 

2’-Methyl-1-ethyl-4 : 1'-cyanine Iodide (I11).—This was prepared from lepidine ethiodide and 
l-iodoisoquinoline methiodide, by means of triethylamine. After washing with water and with 
ether, the yield was 63%. The dye was recrystallised from a mixture of methyl alcohol and ethyl 
acetate (5 c.c. and 20 c.c., respectively, per g.), the yield being 56%. The recrystallisation was 
repeated before analysis (Found : I, 28-9. C,,H,,N,I requires I, 28-8%). M. p. 210° (decomp.). 
A solution of the olive-green crystals has a very broad absorption band with a maximum at 
about 4 550 wy. 

61 
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2 : 2'-Diethylthia-1'-cyanine Iodide (IV).—This was prepared from 1-methylbenzthiazole 
ethiodide (1-86 g.) and 1-iodoisoquinoline ethiodide (2-5 g.) in boiling absolute alcoholic solution 
(100 c.c.), by the action of sodium (0-31 g.) dissolved in absolute alcohol (20 c.c.). The yield 
was 57% after washing with water and ether, and 41% (1-15 g.) after recrystallisation from 
methyl alcohol (30 c.c. per g.). The dye was again recrystallised before analysis (Found : I, 
27-7. C,,H,,N,IS requires I, 27-6%). M. p. 246° (decomp.). This, like the following dye. 
forms red crystals with a green reflex. The very broad absorption band has its maximum at 
about 4 500 uy. 

2-Ethyl-2'-n-propylthia-1'-cyanine iodide was similarly prepared from 1-methylbenzthiazole 
ethiodide and 1-iodoisoquinoline n-propiodide. After recrystallising from methy] alcohol (22 c.c. 
per g.), the yield was 40% (Found: I, 26-8. C,,H,,N,IS requires I, 26-8%). M. p. 237° 
(decomp.). The broad absorption band has its chief crest at) 505 yp and a weaker one at 480 uy. 

2’-Methyl-2-ethyl-3 : 4-benzthia-1'-cyanine iodide was prepared from 2-methyl-f-naphtha- 
thiazole ethiodide and 1-iodoisoquinoline methiodide, by means of triethylamine. After 
recrystallisation from methyl alcohol (60 c.c. per g.) the yield was 44% (Found: I, 25-95%). 
It was again recrystallised (Found: I, 25-8. C,,H,,N,IS requires I, 25-6%). The dark red 
powder had m. p. 235° (decomp.). Thisand the following dye showa broad absorption band with 
a maximum at about A 510 wy. 

2'-Methyl-2-ethyl-5 : 6-benzthia-1'-cyanine iodide was prepared from 1-methyl-«-naphtha- 
thiazole ethiodide and 1-iodoisoquinoline methiodide, by means of sodium, being obtained in 52% 
yield after recrystallisation from methy] alcohol (50c.c. per g.) (Found : I, 26-2%). The recrystal- 
lisation was repeated (Found: I, 25-7. C,,H,,N,IS requires I, 25-6%). The dark greenish 
crystalline powder melted at 233° (decomp.). 

2'-Methyl-2-ethylselena-1'-cyanine iodide was prepared from 1-methylbenzselenazole ethiodide 
(2-22 g.) and 1-iodoisoquinoline methiodide (2-5 g.) in boiling absolute alcohol, by means of 
triethylamine. The yield of washed dye was 71%, and it was 61% after recrystallisation from 
methyl alcohol (28 c.c. per g.). The method of analysis, after drying in a vacuum at 60—80°, 
was that described by Hamer (Analyst, 1933, 58, 26) (Found: I, 25-9. C,.9H,)N,ISe requires 
I, 25-7%). The crystals are dull red with a green reflex and have m. p. 238° (decomp.). The 
broad absorption band has its maximum at A 500 uy. 

4 : 2'-Dimethyl-3-ethylthiazolo-1'-cyanine Iodide (V).—This was prepared from 2: 4-dimethy]- 
thiazole ethiodide (1-70 g.) and 1-iodoisoquinoline methiodide (2-5 g.) in boiling absolute alcohol 
(30 c.c.), by means of triethylamine (1-8 c.c.) in absolute alcohol (20 c.c.). The yield of washed 
solid was 72%, and after recrystallisation from methyl alcohol (16 c.c. per g.), it was 56% 
(Found: I, 31-1. C,,H,)N,IS requires I, 30-8%). M. p. 235° (decomp.) for the dark reddish 
crystals. The very broad absorption band has its crest at about A 500 uy. 


Kopak Ltp., WEALDSTONE, MIDDLESEX. (Received, September 18th, 1934.] 





420. The Rate of Reactions in Solution. 
By R. STEVENSON BRADLEY. 


SEVERAL attempts have recently been made to explain the rate of reactions in solution 
by a collision mechanism. The explanations generally adopted (Christiansen, Z. physikal. 
Chem., 1924, 118, 35; Jowett, Phil. Mag., 1929, 8, 1059. Fora review, with full references, 
see Moelwyn-Hughes, “ Kinetics of Reactions in Solution,’’ Oxford, 1933) fall into two 
groups: (a) for bimolecular reactions, the collision frequency is taken to be the same as 
in the gaseous phase at the same concentration, and (0d) for collisions between solute and 
solvent, which determine in some cases the rate of unimolecular reactions, the collision 
frequency is given by ,Z, = 3xno/2m,, where 7 is the viscosity of the medium, o the 
diameter and m; the mass of a solute molecule. An alternative formula is given by 
12, = 8RT(M, + M,)/3xDM,M,, where M, and M, are the molecular weights of solute 
and so!vent respectively, and D is the diffusion coefficient of the solute. The two formule 
are seen to be roughly equivalént when D is replaced by its value RT/3xyNo given by 
Einstein. 

The explanations (a) and (b) are open to the objection that insufficient attention has 
been paid to the molecular theory of liquids. Explanation (a) is a broad generalisation 
which requires detailed investigation. Even if it gives a numerical result which is approxi- 
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mately correct, the formula probably does not represent the true behaviour of collisions 
in solution where the mean free path is less than the diameter (see, e.g., Harper, Proc. C amb. 
Phil. Soc., 1932, 28, 223). Moreover, explanations (a) and (b) seem dissociated from one 
another. It is difficult also to believe that the viscosity enters explicitly into the theory, 
since the viscosity of a liquid is a measure of the resistance offered to changing the chaotic 
motion of the molecules into an ordered one (Scatchard, J. Amer. Chem. Soc., 1923, 45, 
1580) and it is doubtful whether such a conception can be applied to the chaotic motion 
itself. In other words, it would seem incorrect to apply the diffusion theory of colloidal 
particles, in so far as it embodies Stokes’s law, to molecular diffusion; the modifications of 
the law proposed by Cunningham, Lenard, Millikan, and Epstein (Epstein, Physical Rev., 
1924, 28, 710) suffer from the same objection. 

An exact formulation of the dynamical theory of the liquid state is so difficult that some 
degree of approximation is necessary. It is possible, however, as an alternative, to avoid 
the introduction of viscosity by the following approximate argument, which, in effect, 
considers a liquid to possess a quasi-solid structure; Bernal and Fowler’s work on the 
structure of water (J. Chem. Physics, 1933, 1, 515) shows that this view can give good 
results. In this paper, because of special complications, ionic reactions will not be 
considered in detail. 

Free Space, Oscillation Frequency, and Collision Frequency in Liquids.—As a rough 
model of the liquid it may be assumed that the molecules are spherical and close-packed. 
Each molecule, for the closest packing, is surrounded by twelve others, and the motion 
of the molecule within this enclosure resembles a vibration of high frequency and continu- 
ally changing axis; hence, around each molecule may be drawn a sphere representing the 
confines of this oscillatory motion. The effect of temperature will be to increase the 
amplitude, and conversely the latter may be inferred by extrapolating the virtual radius 
of the molecule, calculated from the density, to the absolute zero. Fortunately, the virtual 
radius usually varies linearly with the temperature, and a wide extrapolation is possible. 
The results obtained by this method will probably be of the right order. 

In addition to this oscillatory motion, a small fraction of the molecules will be under- 
going self-diffusion. As will be seen later, the energy required for a molecule to break 
through the surrounding envelope is such that less than 1% of the molecules will be under- 
going a net displacement relative to the molecules immediately surrounding them, and for 
the calculation of the collision frequency in a pure liquid this fraction may be neglected. 

Let a be the mean double amplitude of the oscillation of a molecule, v? the mean square 
velocity, and 7 the mean half-period of the oscillation. Then 

mv? = 3RT/N andr =a/v=a(mN/3RT)?. . . . . (I) 

For hexagonal close-packing, 7, the virtual radius of a molecule, is equal to (3 x 0°74M/N7e)', 
where N is the Avogadro number, and M and pe are the molecular weight and density of the 
liquid. If v varies with temperature according to 7 = 79(1 + b7), then az = 2(r — 7%). 
This makes a proportional to the temperature, and therefore to the kinetic energy, giving 
ac = 4mv*, where c isa constant. This may be used as a basis for a more refined calcul- 
ation, in which the last relation is applied to individual molecules. The number of molecules 
per c.c. with kinetic energy between E and E + dE per g.-mol. is dn = nEAe ERT | dE | 
(tRT)*, where m is the total number of molecules per c.c. These dn molecules will have 
periods between 7’ and 7’ + dr’, where 7’ = a’/v’ = 4mv'/c = (Em/2N)*/c. Hence 7, 
the true mean half-period, is equal to 


[ Ge) 2 app ctr ae = (BET 28 (2) . . Q 


which will be used instead of the approximate equation + = a/v. 
The number of collisions per second which each molecule makes with the surrounding 
molecules is therefore (v/a)(3x/2)*, and 


total no. of collisions/c.c./sec. = (4un/a)(3x/2)# . . . . (8) 


(since in summing over one c.c. each molecule is counted twice). 
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The above calculation gives results which are in accordance with our conception of internal 
pressure. The external pressure, p, of a liquid may be written in the form p = kinetic pressure 
-+- cohesive pressure [e.g.,in Beattie and Bridgman’s equation (J. Amer. Chem. Soc., 1927, 49, 1665) 
the last term is A!/V*]. Since the vapour pressure of a liquid is usually small at room temper- 
ature, the two terms will be almost equal. The kinetic pressure must therefore, like the cohesive 
pressure, be large (of the order of 1000 atmospheres) (Hildebrand, “ Solubility,’’ Chap. ix, 


Chemical Catalog Co., 1924). 
The internal kinetic pressure may be calculated roughly as follows. Imagine a molecule 


enclosed in a cubical box of edge about 5 A.U. This will simulate the conditions in a liquid, 
At each impact with the wall of the box the change of momentum is 2mv, and the change per 
second is §mv(v/2a). With a = 0-5 A.U., this gives a pressure of about 2000 atm., which is of 


the correct order. 


The Rate of Reactions in the Liquid Phase and the Rate of Unimolecular Reactions in 
Solution.—Formula (3) may be applied at once to the case of reaction in the liquid phase. 
Each molecule will contribute two squared terms to the collision energy available for 
activation, kinetic and oscillation potential energy, if as a first approximation it is assumed 
that the potential energy is a quadratic in the displacement co-ordinates. This introduc- 
tion of squared terms differs essentially from Moelwyn-Hughes’s treatment, in that it is the 
same for all reactions and does not include internal degrees of freedom. The latter may be 
operative in some cases, but their allocation is so uncertain that it is thought better to 
consider only the simple case of collision between oscillators. 

On the assumption that all collisions in which the energy exceeds the critical increment 
E are effective for reaction, the velocity constant is given by 

_ 3232) Ever 
k= 4°(%) -Rpr°* . ° . . . . ° . (4) 
Since d log, k/d(1/T) = — E/R + 37/2 (ais proportional to T, and v to T*) the true value 
of E is obtained by adding $RT to the value derived from the slope of the approximate 
straight line given by plotting log, k against 1/T; this is denoted by £,. 

An example is provided by the conversion of d-pinene into dipentene. The following 
table shows good agreement between 7, obs., the virtual radius, calculated from the density 
and r, calc., derived from the linear relation y = 3:239 + 1:18 x 10°T: 

T, absolute 290°9° 332°4° 352°6° 


y, obs., A.U. . 3°583 3°632 3°657 
Ci MA ‘savtsecesnnnsehiielecnns . 3°582 3°631 3°655 


(The data for the density were those given by Beilstein for /-pinene, since more values were 
available for this than for d-pinene.) 

At T = 457°5° K., r = 3°779 A.U. E, for the liquid was not measured, but for the gas 
it was 43,710 and for petroleum solution 41,210 cals./g.-mol. The true value will probably 
not be far from the latter, which gives a collision frequency z* of 1-4 x 10 per sec. 
(obs. 5°52 x 1044; Smith, J. Amer. Chem. Soc., 1927, 49, 43; Conant and Carlson, ibid., 
1929, 51, 3464). 

In the case of unimolecular reactions the assumption that collisions between solute and 
solvent molecules with energy greater than E are effective for reaction gives a velocity 


constant ; 
ae =) E _eer P 
k = 2 5) RT é . e e e ° e ° e (5) 


The factor } is not included. As an example the reaction CCl,;CO,H —> CHCl, + CO, in 
aniline solution will be considered. For trichloroacetic acid, ry = 2°755 + 0°9575 x 10°7, 
and for aniline, y = 2°790 + 0°8 x 10°T (both + 0-001) at 60°; for 25°, the values for 7 
are respectively 3-040 and 2-988 (density data from Beilstein). If it is assumed that the 
shell of aniline molecules is sufficiently rigid to limit the vibrations of a trichloroacetic acid 
molecule (the two values of r at 25° are very nearly the same, and the change in a for the 


* That is, z in the equation k = ze~*./*?, 
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acid from the value in the pure liquid is very small) @ for the acid may be calculated to be 
0-466 A.U. The value of E, is 28,350 cals./g.-mol.; hence E at 25° is about 29,230 cals. /g.- 
mol., which gives k = 1°5 x 10-7 sec.-} (obs., 6°7 x 10-7 sec.-!; Goldschmidt and Brauer, 
Ber., 1906, 39, 109). 

The decomposition of diethylmalonic acid in water affords another example: 
CEt,(CO,H), —> CHEt,°CO,H + CO,; 7 may be calculated from Beilstein’s density value 
for the isomeric ethyl malonate—the error in a is probably not serious—giving r = 3-204 +- 
1133 x 10°T, 7.e., at 60°, y = 3°581. Since r for water is about half this, it is clear that 
the normal cluster of four water molecules (Bernal and Fowler, loc. cit.) cannot accommodate 
an acid molecule inside; hence a will be taken to be the same as for the acid at the same 
temperature; E, is 33,430 cals./g.-mol. This gives k = 0°71 x 10-8 sec.-! at 60° (obs., 
2:0 x 10-8 sec.-1; Moelwyn-Hughes, of. cit., p. 164). 

For most of the substances data are lacking for the temperature variation of the density. 
The calculation may, however, be reversed, and values of a calculated from the observed 
values of k. The applicability of the method is demonstrated by the agreement to within 
a factor of 5 of reasonable values of a in many cases (Table I). This method has the 
advantage that the assumed linear variation of a with T enters only by increasing E by 
3RT. Even if a is assumed to be a constant, practically the same agreement of calculated 
values of a with reasonable results is obtained. 


TABLE I. 
(Cf. Moelwyn-Hughes, of. cit., p. 164.) 
E, (cals. 
Decomposing substance. Solvent. per g.-mol.). k (obs.) (sec."). a (A.U.). 
2°37 


Camphorcarboxylic acid 28,960 159 x 10-6 
29,640 . 4°14 


29,970 : 0°18 
34,990 , 0-11 
31,060 , 0°20 


Acetonedicarboxylic acid 23,320 ‘ 0°34 
Benzenediazonium chloride 23,360 . 5°11 
. 1-73 


o-Toluenediazonium chloride 23,440 
22,800 1 4°58 


Mesoxalic ‘acid 33,700 ‘ 0°24 

In some cases the errors are larger; ¢.g., for the decomposition of 2 : 4 : 6-trinitrobenzoic 
acid in toluene, a = 42 A.U. (contrast Table I). However, for every 1000 cals. error in E,, 
a will be in error by a factor of about 6-5 at 60°. The above theory, moreover, is not 
intended to be a comprehensive one, but rather a method of approach to the problem— 
essentially different from that adopted by Moelwyn-Hughes—which may need elaboration 
in special cases; e.g., deactivating collisions with the solvent and the effect of internal 
degrees of freedom have not been considered. In contrast to the method adopted by 
Moelwyn-Hughes, the collision frequency z is independent of the viscosity, and log z varies 
only slightly with the temperature (Moelwyn-Hughes, op. cit., p. 159, gives the formula 
k = 3xnoe—*/27 /2m and allows for the variation of » with temperature). On the above 
view (equation 5) the solvent molecules immediately in contact with a solute molecule 
supply the energy required for activation, and diffusion through the solvent need not be 
considered; it will be shown below that only a small fraction of the solute molecules are 
undergoing diffusion. On the other hand, diffusion is the controlling factor in bimolecular 
reactions in solution and will be considered below as a natural extension of the conception of 
vibration frequency and solvent envelope. 

Diffusion in Solution.—Whereas the viscous resistance offered to a solute molecule is 
difficult to formulate in terms of viscosity, the diffusion coefficient is a readily intelligible 
concept. On the above theory, diffusion will occur when a solute molecule has sufficient 
energy, E,, to break through the envelope of solvent molecules surrounding it. Thus 
diffusion relative to the surrounding molecules will proceed by a series of jumps, each equal 
to d, from one energy trough to another. Consider a tube one sq. cm. in cross section 
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containing the solution (Fig. 1; not drawn to scale), and suppose that diffusion occurs 
from right to left. Select two planes, 1 and 2, a distance d apart, and let the concentra- 
tions of the solution at 1 and 2 be c, and c, respectively. If we divide the solute molecules 
at plane 1 into six groups, three pairs at right angles, the number of solute molecules leaving 
plane 1 from right to left in time 7, the oscillation frequency of 
Fic. 1. the solute, is 4dc,e~*"”7, since the number of solute molecules at 
(C2) C) plane 1 may be taken as dc, ; the dotted lines, a distance d apart, 
define the limits of the solute molecules relegated to plane 1. The 
allocation of the molecules into six groups is, of course, an 
approximation, which will, however, only slightly affect the order 
of the result. Similarly the number of molecules leaving plane 2 
from left to right in time is }dcye~“""7. Diffusion at right angles 
to the axis of the tube does not influence c. Diffusion of the 
type considered still continues in the absence of a concentration 
gradient across the tube, but of course there is no net flow. The net flow along the 
tube is therefore d(c, — c,)e~*“#?/6r per sec. per sq. cm. = D(c, — c,)/d, where D is the 
diffusion coefficient. Hence 
_@ eure — bod) ERT 
D=—"¢ = Gla)? Ui winks heal 
The factor E,/RT is not introduced as in equation (4) since the calculation considers the 
fraction of solute molecules of sufficient energy to pass through the barrier. A molecule 
cannot be activated by collision with the barrier for the process of diffusion through it, 
for the receipt of energy from the barrier would occasion reflexion, although such energy 
would be available for unimolecular decomposition. In contrast to the deduction of D by 
use of Stokes’s law, formula (6) does not involve the viscosity explicitly. 

Although diffusion in solution is not usually supposed to vary exponentially with 
temperature, since D is usually written 
in the form RT/3xNo, and the tem- 
perature variation of D/T is usually 
attributed to » (Williams and Cady, 
Chem. Reviews, 1934, 14, 171), the 
results support equation (6). A similar 
law is found for such a “ physical” 
process as the diffusion of the inert 
gases through solids. On _ plotting 
log D against 1/7, a straight line is 
obtained in many cases (Fig. 2). The 
data are taken from the Interna- 
tional Critical Tables except those for 
phenol in methyl alcohol (Thovert, 
Ann. Physique, 1914, 2, 369). The 
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true value of E, is E, + 4RT, where 
E, is taken from the slope of the graph. 
Strictly, log D—4logT should be 
plotted against 1/7; however, this 
scarcely affects the final result. The 
variation of d with temperature is 
negligible. Results are summarised in 
Table II; Dis given by D = Dge~*¥"7/ 


T}, and L is the latent heat per g.-mol 
Dg (obs.) in Table II refers to values 





© CyM, Br, in C,H, Cly. 
A CaCl, inf, 0. 

® KCL in 10. 

©) PAOH in MeOH. 

X PhOH in Cg Hg. 
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. of the solvent. L is seen to be roughly twice E,; 
of Dy calculated from this formula, by using the 


values of E, determined from Fig. 2. Values of Dy may be calculated as before from 
the values of a as determined from the temperature dependence of the density (Beilstein), 


and are given under Dp, calc., in Table II. 


This gives the following values of r : 
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PhOH, r = 2-674 + 0-9 x 1037; C,H, 7 = 2-640 + 1-1 x 1037; 
MeOH, r = 2-173 + 0-97 x 10°7; C,H,Cl,, 7 = 2-907 + 0-65 x 10°7; 


d has been taken to be equal to the sum of the virtual radii of solute and solvent. 


TABLE II 


E, (cals. 
Solute. Solvent. per g.-mol.). 100D,, obs. 100D,, calc. L, cals. 


PhOH MeOH 3,151 6°44 8,410 
PhOH C,H, 3,078 9°44 : 7,360 
s.-C,H,Br, __s.-C,H,Ck 3,365 5-16 : 7,350 
CaCl, H,O 4,410 62°8 9,710 
KCl H,O 3,960 2°51 9,710 


Values of Dy for the ionised molecules have not been calculated owing to complications 
(see below). In view of the nature of the assumptions, the agreement in the other cases is 
good. The selection of a in the case of solutions is somewhat arbitrary: when the solute 
and solvent have nearly the same virtual radius, it is assumed that the envelope of solvent 
molecules determines the amplitude of vibration of the solute molecules. When 7 for the 
solute is much greater than for the solvent, a is taken to be the same for the solute at the 
same temperature, 1.¢., the solute molecule accommodates solvent molecules around it. 
In any case, the order of the result will not be affected, and the above calculation for D may 
be applied with confidence to the calculation of the rate of bimolecular reactions in solution. 
It is noteworthy that, owing to the exponential term, only a small fraction of the solute 
molecules are undergoing diffusion (about 0-5%). 

The Rate of Bimolecular Reactions in Solution.—In fairly dilute solution any molecule 
of solute will be surrounded by solvent molecules almost entirely, and solute will diffuse 
up to this envelope. 

Let m, and m, be the number of reactants per c.c., and D, and D, their diffusion coeffi- 
cients. Smoluchowski (Z. physikal. Chem., 1918, 92, 129) showed that the number of 
molecules of species 2, diffusing in time At up to a distance d of a molecule of class 1 (d is 
measured from centre to centre) is 

4nd(D, + D,)ngAt + 8xtDid2n, (At) 2. 2. 2... 7) 
(but Harper, Trans. Faraday Soc., 1934, 30, 636, considers this is erroneous by a factor of 4). 
If At > d?/D, the last term is negligible. The chance that any particular molecule of 
species 2 will collide with the molecule 1 after diffusing up to the distance d from it is 1/12 
on the basis of hexagonal close-packing and equal radii for all species of molecule. It is 
assumed that at the position of instantaneous rest of each vibration molecule 1 makes a 
collision. Hence the number of collisions of molecules of species 2 with 1 in time At is 


4 x 4nd(D, + D,)nym/l2 . . . . . . (8) 


where the factor } allows for counting each molecule twice. 
If the rate is expressed in the form dn/dt = knn, 1000/N, then 


™ Nd E 
a ~ ant. SR —(E + £,)/RT 
k = 6(D1 + Da) T0090: RT ° ee ee 


where E and E£, are the activation energies for reaction and diffusion; EF, is actually the 
sum of the diffusion activation energies of the two solutes. As before, 3, calculated from 
the slope of log & plotted against 1/T, is equal to E + E, — $RT, so if the velocity constant 
is expressed in the form k = ze~*“®?, where z is taken to be independent of T, 


—— t's) (32)! nt ee, 


*=36\a, * a, /°\2/ *1000° RT’ 


and T may be taken as 298. Also E may be taken as about 3000 cals., for a variation in 
1000 cals. affects z only to the extent of about 5%. Further; d, = 7, + 7, dg = 172+ 15, 
and d = 7, + 7g, where 7,, 72, and 7, are the virtual radii of solutes 1 and 2 and of the solvent. 
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A result similar to equation (8) was obtained by Olander (Z. physikal. Chem., 
1929, A, 144, 118), who gave for the collision frequency per sec. per c.c. the formula 


2 
z= Nn ‘<4 J eat where ’ is the gas constant. On eliminating y by means of the 
equations D, = k'T |6rcn7 D, = k'T /6mrz (which is the basis on which Olander’s result 
was obtained), we find z = x°(D, + D,)(7, + 72), which differs from (8) only in a numerical 
factor.* 

The above calculation will not apply as it stands to small ions such as multivalent 
cations, to which a sphere of polar solvent molecules, e¢.g., water, will be attached with a 
much firmer binding than that already considered. This envelope of solvent molecules 
directly in contact with the ion may accompany it as it diffuses through the solvent, an 
outer and more weakly oriented envelope of solvent molecules being built up and again 
dispersing. The energy required for the ion to break through the inner envelope will be 
greater than for a neutral molecule, and the range of the motion of the ion will be more 
restricted (1/7 greater than for a neutral molecule). For larger ions (anions) solvation need 
not be considered, and the charge will affect only the value of E,. The influence of the 
ionic atmosphere need not be considered, since the displacements of the ion are very small 
and infrequent (in contrast to the conditions obtaining when a potential difference is 
applied), and after each jump from one position of mean equilibrium to another the ion may 
have to wait some time before again escaping from its envelope. Consequently consider- 
ations of relaxation time (Onsager, Trans. Faraday Soc., 1927, 23, 341) do not affect the form 
of the diffusion equation. Since density data are lacking for the cases in question, a will 
be calculated from the observed value of z by means of equation (10). For simplicity, it 
will be assumed that d, = d, =d=5 A.U., and a,=a,=a. Suitable examples of 
bimolecular reactions between un-ionised molecules are rare. The reaction Et,S + EtBr — 
Et,SBr has been studied in benzyl alcohol (Moelwyn-Hughes, of. cit., p. 79) : E; = 24,470 
and z = 0-31 x 10"; this gives a = 12:1 A.U. 


TABLE III. 
Ey (cals. 


Reaction. Solvent. zx 10-4. per g.-mol.). 
MeONa + 1: 2: 4-C,H,(NO,),Cl 17,450 
EtONa + - 16,760 
EtONa + Mel 19,490 
EtONa + EtlI 20,650 
EtONa + C,H,’°CH,I 19,900 
PhONa + Pri 22,450 
PhONa + PréI 22,100 
PhONa + C,,H,,! 22,430 
C,H,°CH,°ONa + Bul 21,560 
C,H,°CH,°ONa + iso-Bul 21,350 
Cy *H; ‘CH, “ONa + C,Hg,! 21,090 


o- < «H,Me- ONa + Mel 21,180 
m- ” ” 19,490 


Bentlione +. 4 Etl 
CH,(CH,]q°C 
Cc oH CO° (cH 
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Most of the other examples appear to be reactions involving the formation of quaternary 
ammonium salts. It is well known that these are “‘ abnormal,” in the sense that the rates 
cannot be interpreted on a simple kinetic hypothesis, since in the gaseous phase, where the 
collision mechanism is well established, abnormally slow rates are obtained for the form- 
ation of tetraethylammonium iodide (idem, ibid., p. 109). It is necessary, therefore, to turn 
to ionic reactions for examples, and no serious difficulty is introduced if one of the reactants 


* Moelwyn-Hughes (op. cif., p. 119) states that Olander’s result is dimensionally incorrect; but 
since m, = L*, n, = L*,y = ML“, k’T = ML*¢*, z has the dimensions ¢'L-, i.e., number per c.c. 
per sec., which is correct. 





=“ mee 6) (TH Sew tt es peel 


Polysaccharides. Part XVIII. 1917 


is an un-ionised molecule, and the ions considered are not strongly solvated. This is due 
to the fact that no corrections are necessary for an uneven distribution of molecules of 
solute 2 around a molecule of solute 1. The same result follows from Brénsted’s theory, 
according to which the velocity of the reaction A + B——> C + D viaacomplex is given by 
v = koCacy - fx fu/fo, where the f’s are activity coefficients, t.¢., v = RoC,cpe2ZaZut (idem, 
ibid., p. 197), where z, and zg are the charges on A and B, u is the ionic strength, and « 
is a constant for the solvent in question. On putting z, = 0, the result follows. This 
does not mean, of course, that the rate will be the same whether one reactant is ionised or 
not, owing to the influence of E. 

Examples of the reaction between an ion and an un-ionised molecule are given in Table 
III, and values of a are calculated as before. In many cases agreement with a reasonable 
value of aisobtained. The reactions RONa + R’X —> ROR’ + NaX are probably mainly 
ionic. Acree (Amer. Chem. J., 1912, 48, 352) gives for PhONa + Mel the value Rjonj,/ 
Rmotecular = 5°95 at 25°. The values of the degree of ionisation, however, are of doubtful 
significance, for interionic attraction was not allowed for. In general, the agreement with 
a reasonable value of a is of the same order as the agreement of z, as calculated by Moelwyn- 
Hughes, with z observed. Thus the above theory offers an alternative picture for reaction 
mechanism in solution in simple cases. 


SUMMARY. 


The rate of reaction in solution is calculated by a method which takes into account the 
molecular structure of liquids and avoids the introduction of viscosity. 

The rate of . unimolecular reaction in which activating collisions are supplied by the 
solvent is (=) . — e#/RT where v? is the mean square velocity of a solute molecule, 
a the amplitude of vibration, and E the energy of activation. Agreement is found in many 
cases. 

It is shown that diffusion in solution can be interpreted in a similar way, and agreement 
is found between observed and calculated diffusion coefficients. The latter are given by 
ee 
6a 
equilibrium to another, and E£, is the activation energy for diffusion. 

The rate of a bimolecular reaction is deduced to be 


o (Sas 4's) (3x)! Nd E eE + ERT 
36\ a, a, 


+ 
) e-=/RT where dis the distance a solute molecule moves from one position of mean 


2 


2/ 1000 RT 


where dy = 7, + 15, dg = 12 + 1%, d=1, + 7, and 7,, 7%, 7, are the virtual radii of the 

reactant and of the solvent molecules, N is Avogadro’s number, FE, the sum of the diffusion 

activation energies of the two solutes, and E the activation energy for reaction. Agreement 

is found for many examples of reactions between a large ion and an un-ionised molecule. 
The general theory of ionic reactions is not considered. 


My thanks are due to Dr. J. Colvin for kindly interest, and to Professor H. M. Dawson for 
critical discussion of the manuscript. 
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421. Polysaccharides. Part XVIII. The Constitution of Xylan. 
By W. N. Haworth, E. L. Hirst, and ELsie OLIVER. 


Our previous work on the structure of xylan (J., 1929, 1739; 1931, 2850) revealed that 
this polysaccharide was composed of chains of xylopyranose units linked together through 
positions 1 and 4 of the pentose molecule. The glycosidic linkages were known to be 6- 
in type and in many ways xylan presented close structural analogies with cellulose, from 
which it could conceivably be derived by oxidation of the terminal CH,*OH group, followed 
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by decarboxylation. Hitherto we had been able to isolate 93% of the theoretical amount 
of xylose required to satisfy this view. The present work is an illustration of the fact 
that even so narrow a gap in the theoretical requirements of a hypothesis needs to be 
considered with due care before such a hypothesis can be substantiated. The results now 
communicated advance our knowledge of the intimate structure of xylan in a novel and 
unexpected direction and present the possibility that xylan may be related more closely 
to the plant gums than to normal cellulose. We find, for instance, that xylan prepared 
from esparto celluloses of different origin contains, in addition to the xylopyranose residues, 
a fixed and constant proportion of combined /-arabinose in the furanose form. This 
l-arabofuranose unit is retained during methylation and the methylated xylan gives on 
hydrolysis 2 : 3-dimethyl xylose (90°) accompanied by about 6% of 2:3: 5-trimethyl 
l-arabofuranose. The latter was recognised by its physical and chemical properties and 
by its quantitative conversion by oxidation into the corresponding crystalline lactone, 
1-2 :3:5-trimethyl y-arabonolactone (A), from which the crystalline amide (B) was 
prepared. The methylated xylan was rigorously fractionated before hydrolysis and it 
was found that each of the fractions (which differed but slightly among themselves except 
that certain of them had a high ash content) gave rise to the same proportion of 2 : 3 : 5- 
trimethyl arabinose. Confirmation of this evidence of the occurrence of arabofuranose 
units was sought by a repetition of the whole of the lengthy series of operations with xylan 
prepared from esparto celluloses of different origin. In every instance quantitative 
estimations revealed the presence of about 6% of arabinose. Separation of this small 
amount of 2 : 3 : 5-trimethyl arabinose was accomplished by fractional distillation of the 
products obtained by hydrolysis of methylated xylan after their conversion into methyl- 
pentosides. The effective separation of the constituents required special care in the choice 
of distilling flasks and fractionating columns and in view of the highly volatile nature of the 
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trimethyl methylpentosides, the distillations were carried out at a pressure not lower than 
about 14 mm. 

The experimental evidence now shows indubitably that arabinose forms an integral 
part of the xylan molecule. Xylan is thus clearly differentiated from cellulose despite the 
former hypothesis of structural similarity. It is especially significant that methylated 
xylan should give rise on hydrolysis to trimethyl arabofuranose, inasmuch as it follows at 
once that the arabinose residue must be present in the furanose condition in xylan and 
that it forms a terminal group attached to a chain of consecutive xylopyranose residues. 
So far as we are aware, this is the first occasion on which the natural occurrence of arabo- 
furanose has been observed. The quantitative results show that one arabinose unit is 
associated with 18—20 xylopyranose units, the latter being identified to the extent of 
86% as 2 : 3-dimethyl xylose, which was transformed into 2 : 3-dimethyl y-xylonolactone 
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(C) and into the crystalline amide (D). The simplest interpretation of these observations 
is that the molecular structure (I) of xylan is expressed by the continuous linking of xylose 
units in a chain which is terminated at one end by an arabofuranose unit. The principal 
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difficulties centre round the nature of the other terminal group (if any) situated at the end 
of the chain remote from the arabinose residue. This question will be more fully discussed 
in subsequent papers, but it may now be stated that xylan is non-reducing and that we have 
been unable to confirm the evidence advanced by Schmidt (Cellulosechem., 1932, 18, 129) 
in favour of the termination of the chain by a carboxyl group although we have repeated 
his experiments. The approximate numerical agreement between our results and those 
of Schmidt must therefore be regarded as merely fortuitous, inasmuch as the presence of 
any unit possessing a carboxyl group has no foundation in fact. 

It is significant that we have so far been unable to detect the presence of trimethyl 
xylose in the cleavage products of methylated xylan and it seems evident that the tri- 
methyl arabofuranose takes the place of this as a terminal group in what is otherwise a 
series of xylopyranose units. What may be significant also is that we were able to isolate 
about 5°% of a monomethy] xylose even after hydrolysis of the purest and most exhaustively 
methylated xylan. On the basis of the structure expressed by formula (I) this would be 
explicable by the view that, despite every effort to effect complete methylation of the 
available hydroxyl groups, a very small proportion escapes protection. This is not an 
unreasonable hypothesis, since methylated xylan is not of such a nature that it can be 
purified as rigidly as a substance which is capable of recrystallisation. The alternative 
view should, however, be advanced, namely, that a monomethyl] xylose has significance in 
the sense that one xylose unit in every 18 or 20 residues is combined in the xylan molecule 
at two points of the three hydroxyl positions. This conception is expressed by the 
formula (II) for xylan, which indicates the linking of consecutive chains by the union, 
whether in the manner of a co-ordinated link or an ordinary covalency link produced by 
dehydration, connecting the potential reducing end of one chain with another xylose unit 
of a succeeding chain. At this stage it is not possible to present a precise picture of the 
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position of the xylose units involved in this type of union, but further experiments which 
are in progress may make this clear. Until the orientation of the monomethy] xylose has 
been decided this and other points must be in suspense, assuming that the molecular 
structure (II) is ultimately found to be the best expression for the experimental facts. 
Yet a third formulation which must equally be considered is that xylan consists of a long 
chain of xylopyranose units linked through the positions 1 and 4 with arabofuranose residues 
attached as side chains at intervals of about every 18 xylose residues. This chain may be 
considerably extended in length or it may equally be continuous in the form of a loop. 
Viscosity measurements of methylated xylan in m-cresol have a value corresponding with 
an average of 75 to 80 C; units. This calculation of the viscosity measurements is based 
on the same assumptions as were made by Staudinger in his determination of the chain 
length of cellulose, but the factor involved may not apply to pentose units and at the 
present stage it is not proposed to attach great importance to these values. 


EXPERIMENTAL. 


Preparation and Properties of Xylan.—Three different samples of esparto cellulose were 
used for the preparation of xylan. The first was specially prepared from Oran esparto grass by 
Mr. A. J. C. Aikman, B.Sc., in the laboratories of the Guardbridge Paper Company, Ltd., and 
gave xylan (115 g.) from esparto cellulose (500 g.). The second and third batches were different 
samples of esparto “ half-stuff’’ prepared by Messrs. Alex. Pirie & Sons, Ltd., of Aberdeen, 
To both these donors of material we express our thanks. Esparto “ half-stuff”’ (500 g.) gave 
xylan (70 g.). The properties of the three batches of xylan (which was extracted and purified 
by the method already described; J., 1929, 1739) were identical with those previously recorded. 
Furthermore, each sample gave the same yield of arabinose on hydrolysis, and after hydrolysis 
of the corresponding dimethyl derivative each sample of xylan gave the same yield of tri- 
methyl methylarabinoside. For this reason it is necessary to describe only one complete series 
of experiments. The details given below refer to experiments made with Messrs. Pirie’s esparto 
“ half-stuff.” Exactly similar results were obtained with the other two series of investigations. 

Hydrolysis of Xylan.—Xylan (60 g.) was hydrolysed with 3% nitric acid (Hampton, Haworth, 
and Hirst, Joc. cit.), giving crystalline xylose (51 g.). Concentration of the mother-liquors 
yielded a syrup (2-5 g.), from which no more xylose crystallised. This syrup was shown to 
contain arabinose in the following way: To the syrup (0-5 g.), dissolved in 75% alcohol (6 c.c.), 
a-benzylphenylhydrazine (0-5 g.) was added. On standing over-night, arabinose benzyl- 
phenylhydrazone (0-2 g.) was precipitated and after recrystallisation from alcohol the crystals 
had m. p. 172°, alone or when mixed with an authentic sample of the same m. p. 

Methylation of Xylan and Properties of Methylated Xylan.—Xylan was methylated according 
to Hampton, Haworth, and Hirst (/oc. cit.), the following modifications being used in the quanti- 
ties of reagents. Xylan (12-5 g.) was mixed to a smooth paste with water (300 c.c.) and potass- 
ium hydroxide (675 g.) was then added, its heat of solution being effective in dissolving the 
xylan. The solution was further diluted with water (525 c.c.), and methyl sulphate (750 c.c.) 
added during 4 hours at room temperature with mechanical stirring. The solution was then 
treated in the usual way and the partially methylated xylan obtained was remethylated with 
potassium hydroxide (675 g. in 725 c.c. of water) and methyl sulphate (500 c.c.). The crude 
methylated xylan (22 g.) was a white fibrous powder with no action on boiling Fehling’s solution. 
M. p. 198°, [x]? —90-6° in chloroform (c, 0-49) (Found : OMe, 37-4. Calc. for C;H,,0,: OMe, 
38-9%). 

TABLE I. 


Methylated xylan. % Total. % Ash content. [a] in CHC], (c, 0°5). % OMe. 
Fraction I 13°87 not readable 40°1 
| Se 1°8 — 96°8° 39°3 
Fraction IA 15°9 not readable 39°4 
Fraction IB 3°77 —99°4 38°6 
Fraction IIA 2°43 —97°9 38°3 
Fraction IIB 1°46 —98°3 40°0 


Purification and Fractionation of Methylated Xylan.—Methylated xylan (120 g.) which had 
been dried for 4 hours at 100°/12 mm. dissolved slowly in chloroform (2-5 1.), swelling to 
form a gel. The chloroform solution was centrifuged and to the clear solution ether (3-5 1.) 
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was added with mechanical stirring, causing the precipitation of a brownish gel (Fraction I). 
When the precipitate had settled, the supernatant liquor (A) was decanted, and the precipitate 
(Fraction I) triturated with ether. An excess of light petroleum was then added to the decanted 
liquor (A) to precipitate the remaining methylated xylan (Fraction II). Fractions I and II 
were refractionated as before, being dissolved in chloroform and giving fractions IA and IIA by 
precipitation with ether and fractions IB and IIB by further addition of light petroleum. 

Another sample corresponding to fraction IIB was further fractionated until a pure ash-free 
sample of methylated xylan was obtained. This had [«]} — 98-3° in chloroform (c, 0-525) 
(Found : C, 52-5; H, 7-4; OMe, 38-9. Calc. for C;H,,0,: C, 52-5; H, 7-6; OMe, 38-75%). 
The viscosity of a 4% solution of the purified ash-free methylated xylan in m-cresol was de- 
termined in an Ostwald viscometer by the Staudinger method: mean time of flow of solution, 
373 seconds at 20°; mean time of flow of m-cresol at 20°, 287 seconds (yp. = 1-30). 

Upon subsequent hydrolysis and fractionation the same yield of trimethyl methyl- 
arabinoside (calculated on ash-free material) was obtained from each fraction. The only 
noticeable difference in the fractions was that of ash content. 

Hydrolysis of Methylated X ylan.—Each fraction (see above) of methylated xylan was hydro- 
lysed by boiling with methyl-alcoholic hydrogen chloride (Hampton, Haworth, and Hirst, Joc. 
cit.). The mixture of methylated methylpentosides obtained was distilled under diminished 
pressure. The more volatile portion (5—6 g., A of Table II) was submitted to further fraction- 
ation through an efficient column. Control experiments showed that the whole of the tri- 
methylarabinoside present in the products of hydrolysis was contained in these distillates. 
Yields are summarised in Table II. 


TABLE II. 
Fractionation of Distillate A. 
Origin of Bath ny (last 


distillate. temp. B.p./14 mm. np drop). Yield, g. % OMe. 


Methylated xylan, (a) 139—140° 116—118° 1°4415 14405 1-67 60°3 
fraction IA (b) 150 118—130 1°445 14513 0°95 54°41 


Fraction IB (a) 145-150 116—118 1-442 1-442 1:52 58°41 
(b) 150 120 1-447 14485 0-69 53°6 


Fraction IIA (a) 138—142 116—118 1-442 1°4435 1:24 60°6 
(b) 145—150 118—122 1445 1-450 0°75 53°0 


Fraction IIB (a) 139 115—118 14400 1439 1:22 60°61 
b 140—141 116—118 1-441 1-439 0°53 59°67 


(b) 
(c) 145 126 1-4433 1-447 0°6 54°98 


In every case pure dimethyl methylxyloside was obtained when the distillation was carried 
beyond the stage given by the above table. 


TABLE III. 


Summary of Yields of Hydrolysis Products from the Fractions IA, IB, IIA, IIB. 


Methylated Methylated Trimethyl Dimethyl 
xylan, g.: methylpentosides, g. methylarabinoside, g. methylxyloside, g. 
Fraction IA 33°57 2°15 29°0 
Fraction IB F 33°21 1-79 29°5 
Fraction IIA ‘ 23°48 1°53 20°2 
Fraction IIB ‘5 32°9 2°09 28°6 


Identity of Dimethyl Methylxyloside—The dimethyl methylxyloside gave OMe, 48-4 
(Calc. for CgH,,0,: OMe, 48-4%). 

(a) Dimethyl methylxyloside (8-0 g.) was methylated by methyl iodide and silver oxide, 
and the product distilled, yielding a colourless mobile syrup (7-0 g.). A portion of the distillate 
(1-02 g.) was hydrolysed by heating with 3% nitric acid (25 c.c.) for 1 hour. The acid was 
neutralised with barium carbonate, the solution evaporated to dryness, and the residue 
extracted with boiling ether. Evaporation of the ether left a solid crystalline mass of 2: 3: 4- 
trimethyl xylopyranose (0-86 g.). 

(b) A solution of dimethyl methylxyloside (5-0 g.) in 3% hydrobromic acid (70 c.c.) was 
heated for 1 hour at 85° and then maintained at 75° during the addition of bromine (5-5 c.c.). 
After 16 hours the reducing action towards Fehling’s solution had disappeared. The solution 
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was aerated to remove bromine and extracted with chloroform, the extracts being dried over 
magnesium sulphate and then concentrated. The product on distillation gave a colourless 
mobile syrup (4-33 g.), b. p. 120°/0-05 mm., nj} 1-464. The phenylhydrazide was prepared in the 
usual way and had m. p. 105°. 

The lactone (4-0 g.) was dissolved in methyl alcohol (4-0 c.c.) saturated with ammonia at 0°. 
The solution, after being left over-night, was concentrated in a vacuum desiccator. A solid 
crystalline mass (4:2 g.) was obtained. This was recrystallised from ethyl acetate and gave 
m. p. 134°. [a]?" +46-6° in water (c, 0-75) (Found: C, 43-8; H, 7-6; N, 7:2; OMe, 32-4. 
C,H,,;0,N requires C, 43-5; H, 7-7; N, 7-25; OMe, 32-1%). 

The undistillable portion of the hydrolysis product which remained after the separation of 
the whole of the dimethyl methylxyloside had OMe, 36-7 (Calc. for C,H,,0,: OMe, 348%). 
These residues (7 g. from 114 g. of methylated xylan) were methylated three times with Purdie’s 
reagents in the usual way and on distillation of the product a mobile colourless syrup (6-5 g.) 
(nf 1-4408) was obtained. This syrup (1-65 g.) on hydrolysis with 2% nitric acid gave crystal- 
line trimethyl xylose (1-25 g.), m. p. 87° alone or when mixed with an authentic specimen. The 
residues consisted, therefore, almost exclusively of monomethyl methylxyloside. 


Proof of the Structure of 2:3: 5-Trimethyl y-Methylarabinoside. 


The various fractions containing trimethyl methylarabinoside referred to above were collected 
together and redistilled, giving the pure trimethyl derivative, b. p. 116—118°, nj?° 1-4400, 
[x]? — 29° in chloroform (c, 0-083), [«]?” — 36-2° in water (c, 0-083) (Found : C, 52-4; H, 8-8; 
OMe, 60-6. Calc. for C,H,,0,;: C, 52-4; H, 8-7; OMe, 60-2%). 

Hydrolysis of the Trimethyl Methylarabinoside.—The syrup (5-8 g.) was dissolved in 2% 
nitric acid (150 c.c.) and heated at 100° until the rotation was constant. [a]}” —39° (initial 
value), — 33-8° (15 mins.), — 31-8° (25 mins.), — 24-4° (40 mins.), — 21-3° (60 mins.), — 14-3° 
(90 mins.), — 14-3° (110 mins.). The trimethylarabinose (4-9 g.) was isolated in the usual way. 

Oxidation of Trimethyl Avabinose with Concentrated Nitric Acid.—Trimethyl methylarabin- 
oside (1 g.) was dissolved in concentrated nitric acid (10 c.c.) and heated to 65°; a vigorous 
reaction then occurred. After 15 minutes the temperature was raised to 90—95° until the 
oxidation ceased. The solution was diluted with an equal volume of water and distilled at 
40°/12 mm., water being continuously added until 1 litre of water had passed through the flask. 
Methyl alcohol was similarly passed through the distillation flask to dry the syrup. The 
syrup obtained was dissolved in 3% methyl-alcoholic hydrogen chloride (12 c.c.) and heated 
under reflux for 6 hours. After neutralisation and concentration, the syrup was dissolved in 
ether, filtered to remove any mineral residue, then concentrated, and distilled, giving a colour- 
less syrup (0-3 g.), b. p. 116—120°/0-06 mm. (bath temp.), mjf° 1-4400; [a]}° + 46-2° in methyl 
alcohol (c, 0-77). The distillate gave on treatment with methyl-alcoholic ammonia, d-dimethoxy- 
succinamide, m. p. 270° (decomp.), [«]?” + 94° in water (c, 0-53) (Found: C, 41-3; H, 7-0. 
Calc. for CsH,,0,N,: C, 40-9; H, 6-8%). 

2:3: 5-Trimethyl y-Arabonolactone.—The trimethyl arabinose (4:9 g.) was dissolved in 
water (25 c.c.), and bromine (5 c.c.) added. The solution was left at room temperature over- 
night and then heated for 2 hours at 40° to complete the oxidation. The solution was aerated 
to remove bromine and extracted with chloroform, the extracts being dried over magnesium 
sulphate and then concentrated. The product on distillation gave (a) 2-55 g. of syrup, b. p. 
100—105° /0-05 mm. (bath temp.), (b) 0-73 g. of syrup, b. p. 110—135°/0-05 mm. (bath temp.). 
The first fraction was a colourless mobile oil which crystallised completely and consisted entirely 
of 2 : 3: 5-trimethyl y-arabonolactone, m. p. 30° alone or when mixed with an authentic sample ; 
[a)# — 42° in water (c, 1-33; initial value); — 40° (10 hours); — 38° (64 hours); — 37° 
(88 hours) (Found: C, 50-3; H, 7-35; OMe, 48-2. Calc. for CgH,,0O,: C, 50-5; H, 7-4; OMe, 
49-0%). The lactone (0-24 g.) gave on treatment with methyl-alcoholic ammonia the corre- 
sponding crystalline amide (Humphreys, Pryde, and Waters, J., 1931, 1298), which after 
recrystallisation from ethyl alcohol had m. p. 137° alone or when mixed with an authentic 
specimen; [«]?” + 23° in ethyl alcohol (c, 1-8) (Found: C, 46-1; H, 8-2; N, 6-4; OMe, 43-8. 
Calc. for CgH,,0;N: C, 46-4; H, 8-2; N, 6-8; OMe, 44:9%). 

The second fraction of the trimethyl y-arabonolactone was contaminated with some 50% 
by weight of 2: 3-dimethyl xylonolactone; [«]?” + 53° in water (c, 2-261). This rotation is 
midway between that of 2 : 3 : 5-trimethyl y-arabonolactone (— 44°) and 2 : 3-dimethyl xylono- 
lactone (+ 97°). The mixed amides were prepared and upon nucleation with 2 : 3-dimethy! 
xylonamide a crystalline mass was obtained. Since 2 : 3-dimethyl xylonamide was found to be 
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less soluble in ethyl acetate than 2 : 3 : 5-trimethyl y-arabonamide, the crude crystalline amide 
was recrystallised from this solvent. The product was pure 2 : 3-dimethyl xylonamide, m. p. 
133-5° alone or when mixed with an authentic specimen, [«]?” + 45° in water (c, 0-47). 

It was concluded that the second fraction was a mixture of 2 : 3-dimethyl xylonolactone and 
2: 3: 5-trimethyl y-arabonolactone, due to a small amount of dimethyl methylxyloside distilling 
over with the trimethyl] methylarabinoside during fractionation. 


The authors express gratitude to the Government Grant Committee of the Royal Society 
for financial assistance. 
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422. Modified Cinchona Alkaloids. Part I. Apoquinine and 
A poquinidine. 
By Tuomas A. HENRY and WILLIAM SOLOMON. 


WHEN quinine is treated with any of the ordinary demethylating agents it yields, not the 
corresponding phenolic alkaloid cupreine, but an ill-defined amorphous substance, which 
was first prepared nearly 60 years ago and named apoquinine (Hesse, Annalen 1880, 205, 
322) and about which an extensive but inconclusive literature has accumulated. In the 
hope of clearing up the chemistry of this interesting, modified, cinchona alkaloid, the authors 
have investigated in detail the products resulting from the action on quinine of two 
demethylating agents, aluminium chloride and 60% sulphuric acid. Aluminium chloride 
was first used as a demethylating agent by Hartmann and Gattermann (Ber., 1892, 25, 
3521) and the process has already been applied to quinine by Oberlin (Arch. Pharm., 1927, 
265, 269), who found that it yielded apoquinine, C,)H,,0,N,, free from chlorine. The 
present authors, on the contrary, find that the crude “ apoquinine,” prepared by this 
process and isolated by Oberlin’s method, invariably contains non-ionisable chlorine and 
is, in fact, mainly a mixture of apoquinine, C,,H,,0,N,, and chlorodihydroapoquinine, 
CgH,30,N,Cl (suggested as a more accurate name than hydrochloroapoquinine, generally 
used for this substance). This is a typical instance of the confusion obtaining in the 
literature regarding the composition of apoquinine, which seems to be due to the facts that 
the alkaloid has not until now been obtainable with certainty in a pure and crystalline 
condition, and that the mixtures which have hitherto been regarded as apoquinine can be 
made to yield certain salts and derivatives of approximately constant composition. Thus, 
the authors find that Oberlin’s ‘‘ apoquinine ” furnishes a ‘‘ dihydrochloride,” 
C,9H,0.N2,C O,N,C1,4HCI, 

m. p. 225°, [a]®" — 204-1°, anda RA A AY C sgHosOoNo,CypHp0,NoCl,4HCl,2ZnCl,, 
m. p. 242°, which can both be crystallised to constancy in composition (as represented by 
the foregoing formule) and physical characters, from concentrated hydrochloric acid. 
On the other hand this equimolecular proportion of the two components is disturbed when 
this crude “‘ apoquinine,” or certain salts made from it, is crystallised from other solvents. 
Thus, repeated crystallisation of the acetone-insoluble portion of crude “ apoquinine ” 
from hot methyl alcohol by addition of acetone leads to the accumulation of a fraction rich 
in the chloro-compound, and this is also true of the acid sulphate, whilst crystallisation of 
the acid dianisoyl-d-tartrate provides fractions in which the chlorine-free apoquinine salt 
accumulates. Although these methods furnish poor yields, it has been possible by them 
to isolate small specimens of apoquinine and chlorodihydroapoquinine sufficiently pure for 
comparison with these substances made in other ways, and so to establish their identity 
beyond any reasonable doubt. It will be noticed, however, that, whilst there is good 
general agreement in properties, and admixture of the two preparations in each case causes 
no depression in melting point, there are differences in specific rotation : below the correct 
value in the case of the apoquinine and above it in the case of the chlorodihydroapoquinine, 
isolated from the product prepared by Oberlin’s method. In considering the validity 
of this comparison, it must be borne in mind that these demethylation processes are 
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drastic, and present considerable possibilities of racemisation, and that the addition of the 
elements of hydrogen chloride to the unsaturated side chain of apoquinine may give rise 
to isomerides. For these reasons, complete identity, e.g., in specific rotation, in products 
prepared in different ways is hardly to be expected. Now that pure apoquinine is readily 
obtainable, it will be possible to investigate these points of detail and for the present it is 
merely intended to settle the question of the composition of “‘ apoquinine ”’ prepared by the 
aluminium chloride process. 

Demethylation by boiling with 60% sulphuric acid has been applied to quinine by 
Jarzynski, Ludwiczakéwna, and Suszko (Rec. trav. chim., 1933, 52, 839) and to quinidine by 
Ludwiczakéwna, Suszko, and Zwierzchowski (1bid., p. 847). In the case of quinine the Polish 
authors obtained apoquinine, which they were unable to crystallise, but from which they 
succeeded in preparing a number of crystalline derivatives, including a neutral hydrochloride, 
m. p. 236—237°, [«]?” — 145° (c = 1 in water). The only analytical figure given is for 
chlorine, 10°08 (calc., 10°23%). Although the present authors believe Suszko and his 
co-workers to be mistaken in the view that this amorphous “‘ apoquinine ”’ is a pure sub- 
stance, it should be recorded that this product is a great improvement on most of the 
“ apoquinines ”’ previously described, and is a material from which, as shown below, it is 
possible to prepare pure crystalline apoquinine in any desired quantity. 

On repeating this work the authors always obtained a crystalline hydrochloride, m. p. 
265°, [«]?" — 154°5° (c = 0°9 in water), and this on complete analysis invariably gave 
results nearly 1% low in carbon. They, therefore, had recourse to other salts and it was 
found that the best salt for purification is the acid sulphate, which crystallises well, gives 
satisfactory analytical results, and from which, for the first time, apoquinine base has been 
obtained easily and in quantity in well-defined crystals. From it a series of well-crystallised 
salts, including the pure neutral hydrochloride, m. p. 272°5°, [«]?’ — 163°8°, has been 
prepared. 

The base regenerated from the crude crystalline hydrochloride first obtained, yields 
two acid sulphates, the one referred to above having [a]? — 223-0° and a second having 
[a]? — 235°. This second salt is still under investigation, but sufficient data have been 
obtained to indicate that it may be the acid sulphate of an isomeride of apoquinine. 

In spite of the hitherto ill-defined character of apoquinine a constitutional formula has 
been proposed for the alkaloid by Suszko e¢ al. (loc. cit.; Bull. Inter. Acad. Polonaise, 1925, 
129) which may be written in linear form as follows : 

MeO-C,H,N-CH(OH):C,H,,N-CH:CH, —-> HO-C,H;N-CH(OH)-C,H,)N:CH-CH, 
Quinine Apoquinine 
As apoquinine has now been obtained in a satisfactory condition for investigation, and 
as it seems possible that at least two species are already obtainable, the authors propose 
to reserve any comments regarding this and other possible formule until they have 
accumulated a broader basis of experimental data. 

Though apoquinidine has received less attention than apoquinine, there has hitherto 
been no reason to suppose that quinidine differs from quinine by undergoing simple 
demethylation, without further intramolecular change. The observation of Suszko and 
his collaborators (loc. cit.) that quinidine, on demethylation with boiling 60% sulphuric 
acid, yields the hitherto unknown cupreidine, a dextro-isomeride of cupreine, was therefore 
surprising. The chief item of evidence upon which this view is based is that cupreidine on 
simple methylation regenerates quinidine, just as its analogue, cupreine, on similar treat- 
ment yields quinine. For convenience of comparison the m. p.’s and specific rotations of 
cupreidine, dihydrocupreidine, quinidine, dihydroquinidine, and the methyl ether of 
cupreidine have been assembled in the following table. 

Dihydro- Cupreidine 
Cupreidine. Dihydrocupreidine. Quinidine. quinidine. methyl ether. 
Base. B,HCl. Base. B,HCl. Base. Base. Base. 
186—190° 215—216° 185—195° 230—232° 173°5° 169°5° 169-0° 
+219°4° +190° +227°2° +194-0° +266°1° -+-230°8° +234:1° 
(c= 1116; (c=1; (¢=1:116; (€¢= 0872; (C=1; (c= 1; “(c= 0-004 
EtOH) H,0) EtOH) H,0) EtOH) EtOH) EtOH) 
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The comparable data available are scanty, but so far as they go they indicate a close re- 
semblance between the constants of the supposed cupreidine with those of dihydrocupreidine, 
whilst the characters of the methyl ether of the supposed cupreidine agree much better 
with those of dihydroquinidine, the methyl ether of dihydrocupreidine, than with those 
of quinidine. 

It is not well known that the well-crystallised and apparently pure quinidine of commerce 
usually contains about 20% and may contain as much as 30% of dihydroquinidine (Buttle, 
Henry, and Trevan, Biochem. J., 1934, 28, 434). On demethylation, commercial quinidine 
yields a product containing much dihydrocupreidine, and this, on re-methylation, will 
yield dihydroquinidine, and it seems possible that the substance described by Suszko and 
his collaborators as cupreidine may be in reality largely dihydrocupreidine, and its methyl 
ether, not quinidine, but dihydroquinidine. The present authors have repeated the work 
of the Polish investigators, using as a starting material quinidine purified by a method 
already described (Buttle, Henry, and Trevan, Joc. cit.) and of 99°5% purity as measured 
by its capacity for hydrogen absorption. This, on demethylation by boiling 60% sulphuric 
acid, yields two products, neither of which has been described previously. The first, 
Ci9H20.Nz, it is proposed to call isoapoguinidine, because it is levorotatory, and probably 
represents a greater change in the quinidine molecule than the second substance, which is 
dextrorotatory; further, all the “‘ apoquinidine”’ hitherto obtained has been amorphous 
and markedly dextrorotatory and it seems desirable to reserve the name apoquinidine for 
the second and dextrorotatory product of this reaction. 

isoApoquinidine differs markedly from “ cupreidine,” having m. p. 245° and [«];)” —12-6° 
(c = 1 in alcohol): its neutral salts are also levorotatory, but the acid salts are dex- 
trorotatory. 

The second product, apoquinidine, is crystalline, yields well-crystallised salts and is 
dextrorotatory, but it is not yet possible to say whether it has been freed entirely from 
isoapoquinidine. 

As by-products of the action of 60% sulphuric acid on quinine and quinidine, two non- 
phenolic bases have been obtained in small quantity; these are still under investigation 
and appear to be isomerides of the two starting materials. 

In the preparation of crude apoquinine, by precipitation with carbon dioxide from 
solution in aqueous sodium hydroxide, some alkaloid remains in solution, and can be 
recovered by long-continued extraction of the alkaline liquor with hot ether. This product 
is being accumulated for examination. No analogous product is found at the corresponding 
stage in the preparation of crude apoquinidine. 


EXPERIMENTAL. 


In the following account the m. p.’s are corrected and, unless otherwise stated, are also 
decomposition points; they are of little diagnostic value, as they vary with the rate of heating. 
The specific rotations are recorded for the dry substance and, unless stated otherwise, the solutions 
are M/40 and the solvent is water for the salts and N/10-sulphuric acid for the bases. Except 
in one case (p. 1926) the combustion results are recorded for the substance dried in a vacuum at 
an appropriate temperature, usually 120°. With the exception of isoapoquinidine, none of the 
phenolic bases dry to constant weight, but ultimately reach a stage at which there is a constant 
minute loss. In these cases the substance has been taken as anhydrous at the point at which the 
drying curve begins to flatten. 

Many cinchona alkaloidal salts are either efflorescent or hygroscopic and consequently show 
great variation in loss of weight on drying. For that reason, the losses found are not usually 
represented by a definite number of molecules of water or other solvent, unless special precautions 
are taken. The authors have, therefore, merely recorded the percentage loss found in the 
particular preparation used for analysis. It was quite frequently different in other preparations 
of the same substance. 

Action of Aluminium Chloride on Quinine.—Crude “ apoquinine,”’ prepared and isolated by 
Oberlin’s method (loc. cit.), is a pale yellow or cream-coloured powder (yield, 70%), appreciably 
soluble in water, sparingly soluble in benzene or ether, more so in acetone, and readily in 
chloroform or alcohol; m. p. 175°, [a] — 177° (c = 0-514 in methyl alcohol) (Found: Cl, 
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5:3; MeO, 0-5. Calc. for the equimolecular mixture C,,H,,0,N, + C,,H.30,N,Cl: Cl, 5-4%). 
Oberlin (/oc. cit.) found no chlorine and Jarzynski, Ludwiczakéwna, and Suszko (loc. cit.) confirm 
this by stating that ‘‘ apoquinine ’’ prepared by this method is the same as that made by the 
sulphuric acid process (p. 1927). Asa similar discrepancy is recorded for Hesse’s ‘* apoquinine,”’ 
obtained by the action of hydrochloric acid (d 1-125) at 140° on quinine (Hesse, Joc. cit.; Ber., 
1895, 28, 1301; Lippmann and Fleissner, Monatsh., 1895, 16, 34; Lippmann, Ber., 1895, 28, 
1971; Frankel and Buhlea, Ber., 1925, 58, 559), a specimen of this material was prepared ; 
it closely resembled Oberlin’s product but contained less chlorine (2-6%). 

This equimolecular proportion of apoquinine and chlorodihydroapoquinine is preserved 
through several salts. When the crude product (1 g.) is dissolved in hot concentrated hydro- 
chloric acid (2 c.c.), the solution, on cooling, deposits slender colourless needles. This substance, 
on recrystallisation in like manner till colourless, has m. p. 225° (dry), [«]}° — 204-1° (Found : 
C, 56-3; H, 63; N, 65; Cl, 22-5. C,,H,,.O,N,,2HCl + C,,H,,0,N,CI,2HCI requires C, 
56-8; H, 6-15; N, 7-0; Cl, 22-1%). Similarly, when crude “ apoquinine ’”’ (1 g.) in hot hydro- 
chloric acid (2 c.c.) is mixed with a solution of zinc chloride (1 g.) in the same solvent (2 c.c.), 
a mixture of zincichlorides crystallises on standing, and this on recrystallisation from hot hydro- 
chloric acid forms pale yellow needles, m. p. 242° [Found : C, 42-2; H, 4-8; N, 5-2; Cl (total), 
29-5; Cl (non-ionisable), 3-15; Zn, 12-45. C,,H,,O,N,,2HCI1,ZnCl, + C,,H,,0,N,Cl,2HCI,ZnCl, 
requires C, 42-4; H, 4-5; N, 5-2; Cl (total), 29-7; Cl (non-ionisable), 3-3; Zn, 12-2%]. This 
mixture, on repeated crystallisation from hot hydrochloric acid, becomes sticky and the m. p. 
falls. It cannot be crystallised from water or alcohol. 

Out of many methods tried, three ways have been found of isolating the two chief components 
of crude “‘ apoquinine ’’ and though none of these is of practical value, the yields being so poor, 
two of them are now described briefly, as the results confirm the view expressed above as to the 
composition of this mixture. When crude “ apoquinine ”’ is boiled with acetone (1 g. in 10 c.c.) 
it dissolves and almost immediately deposits a white powder (40%), which when air-dry has 
m. p. 175°. When dried at 105° in a vacuum, it loses 7-6% by weight after 11 hours, and at 
this stage contains Cl 7-0% and has [a]}” — 188-4° (c = 0-484 in methyl alcohol). It continues 
to lese weight on further drying, but gradually turns black. On solution in warm methyl 
alcohol (1 g. in 2 c.c.) and addition of acetone (2 c.c.) the product deposits clusters of prismatic 
crystals and, by repeated crystallisation in this manner, a 10% yield of a substance, m. p. 
182—183°, [a]? — 200-0° (c = 0-625, air-dry substance in methyl alcohol), is obtained. This 
behaves like the anterior product on drying, and was analysed in an air-dry condition, in which 
it appears to contain one molecule of acetone (Found: C, 65-7; H, 7:2; N, 7-2; Cl, 9-0. 
C,,H,,0,N,Cl,C,H,O requires C, 65-2; H, 7-2; N, 6-9; Cl, 88%). The substance is, therefore, 
chlorodihydroapoquinine. A series of salts was prepared, of which the acid sulphate may be 
described : aggregates of transparent yellow plates, sinters at 192°, darkens at 195° and liquefies 
at 205°, [«]i}° — 206-7° (c = 0-556 in water), becomes anhydrous over sulphuric acid in a 
vacuous desiccator; loss 8-7—9-4% (Found: C, 51-2; H, 6-0; N, 6-4; Cl, 7-7; S, 7-2. 
C1 9H,30,N,Cl,H,SO, requires C, 51-3; H, 5-7; N, 6-3; Cl, 8-0; S, 7-2%). 

For comparison a specimen of chlorodihydroapoquinine was made by Zorn’s method (J. pr. 
Chem., 1871, 4,44; 1873, 8, 279) and converted into the same series of salts. The only difference 
noted was that the base now described and its salts had higher specific rotations than the cor- 
responding Zorn base and its salts. The acid sulphate, for example, showed the same characters 
as those just described, but had [«]}° — 198-6° (c = 0-556 in water), a discrepancy for which 
an explanation has been suggested already (p. 1923). 

When hot solutions in alcohol of crude “‘ apoquinine ” and of excess of dianisoyl-d-tartaric 
acid (Rabe and Meyer, Annalen, 1932, 492, 265) are mixed, a white, crystalline powder separates 
as the mixture cools. This substance is insoluble in all ordinary solvents and can only be 
recrystallised by solution in boiling glacial acetic acid (1 g. in 10 c.c.), concentration of the 
solution in a vacuum to 2-5 c.c., and dilution with dry alcohol (12 c.c.). Each crystallisation 
reduces the quantity available by 50—75%, but the 5% of chlorine contained in the crude product 
is reduced in 2 or 3 crystallisations to 0-5%. The best specimen obtained consisted of minute 
colourless granules, m. p. 242° (Found: C, 63-9; H, 5-8; N, 4:3; Cl, 0-2; MeO, 9:1. 
CigHy2O.N2,CogH 1,039 requires C, 64:3; H, 5-5; N, 3-85; Cl, nil; MeO, 8-5%). This only 
differs from pure apoquinine acid dianisoyltartrate (p. 1928) in containing 0-2% of chlorine, but 
the base recovered from it has m. p. 180° (no depression on admixture with pure apoquinine), 
and [a]3° — 196-5° (c = 0-579 in methyl alcohol), whereas pure apoquinine froths at 184° and 
has [«]}>° — 212° (c = 0-6585 in methyl alcohol), the reason for this discrepancy being no doubt 


that already stated (p. 1923). 
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Action of Sulphuric Acid (60%) on Quinine.—Commercial quinine contains cinchonidine and 
dihydroquinine, from which it is easily purified by recrystallisation of the acid sulphate (Buttle, 
Henry, and Trevan, /oc. cit.). For that reason quinine acid sulphate was employed as a starting 
material. The process used was that described by Suszko e¢ al. (loc. cit.) with the exception 
that the alkaline solution of the crude phenolic base was shaken out with ether to remove any 
remaining undemethylated base (1-3—8%). The latter does not appear to be quinine and is 
still under investigation. The yield of crude apoquinine is difficult to state, since the moisture 
content after drying in a vacuous desiccator varied considerably, but is probably about 80% 
of the theoretical. The carbonated liquors left after the precipitation of apoquinine, still 
contain alkaloid, which can be recovered by long-continued treatment with ether (about 100 
hours) in a continuous-extraction apparatus. The product, which does not appear to be 
apoquinine, is being accumulated for examination (yield, 6%). 

The crude apoquinine is dissolved in hot acetone (1 g. in 25 c.c.), the solution filtered to 
remove inorganic material, concentrated to low bulk, diluted with sufficient alcohol to form a 
clear solution, and neutralised with N-hydrochloric acid. Water is then added, and the bulk 
of the organic solvents removed by distillation in a vacuum. The neutral hydrochloride 
crystallises as the solution cools, and a second crop is obtained by evaporating the mother- 
liquor to dryness in a vacuum and boiling the residue with dry alcohol. The whole of the crude 
hydrochloride is boiled with dry alcohol (1 g. in 5 c.c.) to remove coloured impurities and finally 
recrystallised by solution in 50% alcohol (1 g. in 10 c.c.) and removal of about half the solvent 
by distillation ina vacuum. It then has m. p. 265°, [«]}° — 154-5° (c = 0-9 in water) (Found : 
C, 64-8; H, 6-7; N, 7-9; Cl, 9-9; OMe, nil. C,,H,.O,N,,HCl requires C, 65-75; H, 6-7; 
N, 8-1; Cl, 10-2%). No matter what method of purification was adopted this deficiency of 
1% in carbon could not be overcome. Suszko et al. (loc. cit.) give for their hydrochloride 
prepared from crude apoquinine and repeatedly recrystallised, m. p. 236—237°, [«]p — 145° 
(c = 1 in water) and Cl, 10-08% and provide no further analytical data. Though the hydro- 
chloride so obtained is impure, its preparation is necessary as a preliminary means of purification. 
The base is then recovered from it and converted into the acid sulphate by solution in methyl 
alcohol and addition of the calculated quantity of N-sulphuric acid. The residue left on 
evaporation of the solution in a vacuum is redissolved several times in methyl alcohol and taken 
to dryness each time, to remove as much water as possible, and is finally dissolved in hot methyl 
alcohol (1 g. in 20 c.c.), from which it crystallises on cooling. Further crops are obtained with 
difficulty on concentration of the mother-liquor. The whole of the crops are recrystallised from 
methyl alcohol and then yield pure apoquinine acid sulphate. Six fractions of such material, 
obtained by the recrystallisation of 10 g. from water, had [«]}° ranging only from 221-25° to 
223-25°. Apoquinine base is prepared by pouring a saturated aqueous solution (2% approx.) 
of this salt into excess of a saturated aqueous solution of sodium carbonate in presence of ether 
(100 c.c. per g. of base) and shaking vigorously until all the alkaloid has been extracted, more 
ether being used if necessary. The ethereal solution is dried for a short time only (to avoid 
crystallisation of the base at this stage) over anhydrous sodium sulphate, and the solvent re- 
moved by slow distillation. As concentration proceeds, apoquinine crystallises in a pure 
condition. 

The combined methyl-alcoholic mother-liquors, which have ceased to deposit apoquinine 
acid sulphate, are taken to dryness in a vacuum, and the residue dissolved in hot water. This 
solution deposits an acid sulphate, closely resembling apoquinine acid sulphate, but having a 
higher specific rotation, [«]}° — 235°, which, so far, it has not been found possible to alter by 
fractional crystallisation. The base recovered from this salt crystallises well and is also mainly 
distinguished from apoquinine by its higher specific rotation. It may be one of the numerous 
possible stereoisomerides of apoquinine and is still under examination. 

Apoquinine crystallises in small, colourless, transparent, triangular prisms, is readily soluble 
in ethyl or methyl alcohol and sparingly soluble in ether or acetone. It froths at 184° and has 
[a]>° — 281° (c = 0-784 in N/10-sulphuric acid), or — 214-8° (c = 0-775 in alcohol). Crystals 
of apoquinine have been obtained, apparently with difficulty, twice previously. Lippmann and 
Fleissner (loc. cit.) record m. p. 210° with shrinkage at 160°, [«]p — 217° (c = 0-7877 in alcohol), 
whilst Frankel and Buhlea (loc. cit.) give m. p. 160° and [a«]p — 196-37° (c = 0-7995 in alcohol). 
No more recent author appears to have succeeded in crystallising apoquinine. Miura (Japan J. 
Med. Sci., 1930, 5, 1) states that amorphous apoquinine, prepared by a new method, not yet 
described, sinters at 170°, melts at 210°, and has [a] — 216-1°, and Suszko e¢ al. (loc. cit.), 
for their amorphous base, give m. p. 190—195° and [a]? — 188-7—191-7° (c = lin water). The 
crystalline base described above does not dissolve appreciably in water. These discrepancies 





1928 Modified Cinchona Alkaloids. Part I. 


in m. p. are no doubt mainly due to differences in purity of materials, but may also in part be 
due to the fact that pure apoquinine froths at 184° and, on continued heating the froth becomes 
transparent at about 205°, and observers may record either or both of these points. Apoquinine 
crystals lose nothing when dried at 120° in a vacuum, but the finely powdered base loses 7% 
by weight after 8 hours at 110—135° (Found: C, 73-4; H, 7-6; N,8-9. Calc. for C,,H,,O.N, : 
C, 73-5; H, 7-2; N, 9-0%). 

The hydrochloride forms clusters of colourless needles, m. p. 272-5°, [a]%” — 163-8°. 
Aqueous solutions are pale yellow : the colour is intensified by heat and is discharged by addition 
of acid. Solutions in alcohol are colourless. The salt is sparingly soluble in alcohol or water, 
but readily soluble in mixtures of the two solvents. It is anhydrous (Found: C, 65-8; H, 6-7; 
N, 8-2; Cl, 10-2. Calc. for C,gH,,O,N,,HCl: C, 65-75; H, 6-7; N, 8-1; Cl, 10-2%). The 
dihydrochloride crystallises from dry alcohol in colourless spherical nodules, m. p. 261°, 
[a]=” — 224-4°. It loses 8-7% by weight in a vacuum at 110°, is hygroscopic, and appears to 
be readily dissociated, all the samples examined being slightly deficient in chlorine (Found : 
Cl, 17-7. CygHs20,N,,2HCl requires Cl, 18-5%). The hydrobromide forms colourless needles, 
m. p. 284°, from dilute alcohol (Found: Br, 20-7. C,gH,,O,.N;,2HBr requires Br, 20-4%). 
The dihydrobromide crystallises from dry alcohol in colourless or faintly yellowish-grey spangles, 
m. p. 255°, [a] — 180-9°, and, like the dihydrochloride, seems to dissociate, being always 
slightly deficient in bromine (Found: C, 48-05; H, 5-5; N, 5-8; Br, 32-1 to 33-2. 
C,,H,,0O,N,,2HBr requires C, 48-3; H, 5-1; N, 5-9; Br, 33-9%). 

The acid sulphate crystallises in two forms: (a) from methyl alcohol in thin, soft, lemon- 
yellow platelets, and (b) stout, hard, almost colourless, thin, hexagonal plates from water. The 
two forms lose 10-7 and 8-0% by weight respectively on drying and re-absorb these amounts 
on exposure to air. The salt is sparingly soluble in water (2% approx.) or methyl alcohol. 
The (a) form sinters at 90° when rapidly heated, and at 170—190° when heated slowly, then 
darkens and finally froths at 200°. The (b) form melts sharply at 203° to 208° depending on 
the rate of heating, [«]}° — 223° (Found : C, 55-7; H, 6-0; N, 6-9; S, 7-7. C,,H,,0,N,,H,SO, 
requires C, 55-8; H, 5-9; N, 6-9; S, 7-85%). The sesquioxalate crystallises from alcohol in 
pale yellow needles, is sparingly soluble in water or alcohol, has m. p. 224-5—226°, [a]}” — 193-6° 
(c = 0-212 in water) [Found: C, 59-55; H, 5-8; N, 6-3. Calc. for (C,gH,,O,N,).,3H,C,O, : 
C, 59-3; H, 5-7; N, 6-3%]. Suszko (Bull. Inter. Acad. Polonaise, 1925, 143) gives m. p. 228°, 
[a]p — 168—170° (c = 0-84 in water) to a sesquioxalate of ‘‘apoquinine’”’ prepared from either 
quinine or B-isoquinine by Hesse’s method (loc. cit.). 

The acid dianisoyl-d-tartrate prepared for comparison with the chlorine-free component of 
Oberlin’s ‘‘ apoquinine ’’ (p. 1926) is a colourless crystalline powder, has m. p. 235-5°, and is 
anhydrous (Found: C, 64:3; H, 5-7; N, 4:0; MeO, 8-8. C,,H,,.O.N,,Co9H,,0,. requires 
C, 64:3; H, 5-5; N, 3-85; MeO, 8-5%). 

Apoquinine methyl] ether was obtained in poor yield by the action of diazomethane on the 
base, and after treatment with sodium hydroxide solution to remove unchanged phenolic base, 
was converted into hydrochloride, which was recrystallised from dry alcohol, by addition of 
acetone and a little ether. The salt separated in hemispherical aggregates of colourless needles, 
m. p. 249—251°, [a]$° — 196°, was readily soluble in water or alcohol but sparingly in acetone, 
and was anhydrous (Found: C, 66-5; H, 7-0; N, 7-6; Cl, 9-8. C, 9H,,O,N,,HCl requires 
C, 66-5; H, 7-0; N, 7-8; Cl, 98%). The base regenerated from the hydrochloride crystallised 
from benzene in anhydrous, colourless, aggregates of needles, m. p. 183—185° after sintering at 
180° (no decomp.), [«]$° — 201-2° (c = 0-811 in alcohol). Miura (loc. cit.) gives m. p. 175—176°, 
(a) — 201-5°, and Suszko et al. (loc. cit.), m. p. 186—187°, [«]p — 192° (c = 1 in alcohol). 

Apoquinine ethyl ether, prepared by the use of ethyl sulphate, gave a hydrochloride, which 
crystallised from hot acetone (1 g. in 10 c.c.) in anhydrous, short, colourless needles, m. p. 
247—250°, [a]>° — 191-7° (Found: C, 67-6; H, 7-45; N, 7-45; Cl, 9-45. C,,H,,O,N,,HCl 
requires C, 67-2; H, 7-3; N, 7-5; Cl, 95%). The base regenerated from this and crystallised 
from benzene had m. p. 195—197°, after sintering at 189° (mo decomp.) and [a] — 199-7° 
(c = 0-846 in alcohol). Previous figures for the ethyl ether are : m. p. 195—196°, [a] — 174-7° 
(Miura, /oc. cit.); m. p. 182° (Lippmann and Fleissner, Joc. cit.) ; m. p. 183° (Giemsa and Bonath, 
Ber., 1925, 58, 95). 

Action of Sulphuric Acid (60%) on Quinidine.—The quinidine used was purified through the 
cuprichloride and dihydrochloride as already described (Buttle, Henry, and Trevan, Joc. cit.) 
and was 99-5% pure, as estimated by absorption of hydrogen in presence of colloidal palladium. 
It was converted into crude apoquinidine by the method described under apoquinine (p. 1927), 
the recovery of undemethylated base being 15-0% and the yield of crude apoquinidine 77-0%. 
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The amount of alkaloid left in the final carbonated liquors was negligible. The crude apoquin- 
idine, after treatment with dry acetone to remove inorganic matter, was dissolved in alcohol, 
neutralised with hydrochloric acid, the solution taken to dryness at 100° in a vacuum, and the 
residue crystallised from boiling alcohol. Two recrystallisations gave a 30% yield of pure 
isoapoquinidine hydrochloride. 

The mother-liquors from this salt, on concentration, deposit crops of a mixture of iso- 
apoquinidine hydrochloride with the hydrochloride of a dextrorotatory phenolic base, which 
has proved difficult to isolate in a pure state and is still under investigation. For the reasons 
already given (p. 1925), the name apoquinidine is reserved for this substance. 

isoA poquinidine, prepared from the pure hydrochloride by solution in excess of aqueous 
sodium hydroxide, precipitation of the base with carbon dioxide, and solution in dry alcohol 
to remove inorganic impurities, crystallises from alcohol in colourless hexagonal prisms, m. p. 245° 
(no decomp.), has [a] + 25-6° (c = 0-78 in N/10-sulphuric acid) or —12-6° (c = 1 in alcohol), 
and loses 16-8% at 120° in a vacuum (Found: C, 73-3; H, 7-1; N, 9-0. Cj, 9H,,O,N, requires 
C, 73°56; H, 7-2; N, 9-0%). 

The hydrochloride crystallises from alcohol in rosettes of colourless needles, m. p. 255°, 
[a]? — 40-2°, and is sparingly soluble in alcohol (1 in 75 c.c. cold, or-1 in 10 c.c. boiling) or 
water : the aqueous solution is lemon-yellow in colour. The salt shows no appreciable absorp- 
tion of hydrogen in presence of palladium or platinic oxide as catalysts (Found: C, 65-8; 
H, 6:7; N, 7-9; Cl, 10-9. C,,H,,O,N,,HCl requires C, 65-75; H, 6-7; N, 8-1; Cl, 10-2%). 
The hydrobromide forms colourless needles from alcohol, m. p. 252°, [a]}5° — 35-8°. 

The dihydrobromide crystallises from boiling alcohol (1 g. in 85 c.c.) in yellowish rectangular 
prisms, which are anhydrous, m. p. 280°, [a] + 18-6° (Found: C, 48-6; H, 5-2; N, 5-9; 
Br, 33-8. C,,H,,O,N,,2HBr requires C, 48-3; H, 5-1; N, 5-9; Br, 33-9%). The acid sulphate 
is very soluble in water, but separates from boiling dry alcohol in pale yellow crystals, which 
intensify in colour on drying at 120° in a vacuum with a loss of 7-7%. The dry salt sinters 
at 220° and decomposes at 235—240°, [a]8° + 17-6° (Found: C, 56-4; H, 6-4; N, 6-6; S, 7-5. 
C19H_20,N2,H,SO, requires C, 55-8; H, 5-9; N, 6-9; S, 7-85%). 

The dihydrocupreidine used for the constants given in the comparative table (p. 1924) was 
made by demethylating specially prepared dihydroquinidine by the sulphuric acid process and 
was isolated in the same fashion as the apo-bases described above (yield, 62%). It was converted 
into the hydrochloride, the latter recrystallised till pure, and the base recovered and recrystal- 
lised from acetone. The two products had the following constants. 

Dihydrocupreidine base : undried substance, m. p. 170°; dried at 90° in a vacyum (loss 3%), 
m. p. 175°; dried at 120° ina vacuum (loss 10-5%), m. p. 185—195°. The base does not dry to 
constant weight; at 120° it turns yellow, [a]? + 227-2° (c = 1-116 in alcohol). 

Dihydrocupreidine hydrochloride: the salt is anhydrous, m. p. 230—232°, [a]}” + 193-9°. 

Jacobs and Heidelberger (J. Amer. Chem. Soc., 1919, 41, 817) state that the base softens at 
170° and is completely melted at 195°, [a]p + 253-4° (c = 1-422 in alcohol), and record for the 
hydrochloride m. p. 231—233°, [a]? + 194-2° (c = 0-618 in water). 


The authors record their thanks for much assistance in this work to E. M. Gibbs, B.Sc., and 
A. E. Thursby, B.Sc., and to Messrs. A. Bennett and H. C. Clarke for the micro-analyses. 
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423. Catalytic Hydrogenation of Unsaturated Compounds. Part III. 
Selectivity of Attack in Relation to the Nature of the Catalyst. 


By E. H. FARMER and L. A. HUGHEs. 


IN a previous paper (Farmer and Galley, J., 1932, 430) it was reported that the course of 
hydrogenation in conjugated compounds of the sorbic acid series was materially affected 
by the position and number of the alkyl groups substituting the carbon chain. Subsequent 
examination of the influence of constitution on the additive mode showed that change in 
the condition or state of reactivity of the platinum catalyst employed in the earlier experi- 
ments was in itself capable of influencing the course of reaction (Farmer and Galley, J., 
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1933, 687; this vol., p. 304), and the possibility presented itself that still other (possibly 
minor) features of the experimental method of effecting hydrogenation might affect the 
result and might indeed be sufficiently important to render nugatory any comparisons of 
the influence of constitution on the additive mode save such as were conducted under the 
most rigorously defined conditions of operation. These features include of course the 
temperature and pressure conditions employed, and in addition (a) the character of the 
solvent or medium, (5) the chemical nature of the catalyst, and (c) the form, condition, and 
concentration in which the catalyst is applied. The present work takes into consideration 
those influences on the course of hydrogenation specifically connected with the catalyst and 
the solvent, and leaves for future study the influence of the temperature and of the pressure ; 
consequently all the results here described refer to the same temperature and pressure 
conditions as those employed in the earlier experiments, viz., room temperature and 
atmospheric pressure. 

Influence of Solvent.—In many types of additive reaction the solvent, for one reason 
or another, exerts a specific influence not merely on the speed but on the course of reaction, 
and indeed such an influence has already been observed definitely to affect the course of 
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hydrogenation of a polyolefinic ketone (Adkins, Diwoky, and Broderick, J. Amer. Chem. 
Soc., 1929, 51, 3418). To test the importance of solvent influence in determining the 
course of hydrogenation of simple butadienoid acids, the authors have submitted sorbic acid 
to 50% hydrogenation with a platinum catalyst in dry toluene, in ethyl acetate, and in 
water, and have compared the results with those obtained in alcohol, the medium previously 
employed by them. The figures expressing the course of reaction are given on p. 1935. Now, 
although the speed of reaction varies considerably in the different solvents, the results do 
not reveal any material difference in the additive mode which can be attributed to the 
specific character of the solvent employed; furthermore, although the speed of reaction 
varies, as is well known, with the proportion of solvent taken, yet neither in the present 
nor in any previous experiments has the proportion of solvent taken recognisably affected 
the additive mode. 

Concentration of Catalyst——Change in the concentration of the catalyst with respect to 
the conjugated compound appears quite definitely to affect the additive mode, as is shown 
by the figures expressing the composition of the 50% hydrogenation product of sorbic acid 
given on p. 1935. But the phenomenon here observed is doubtless only indirectly dependent 
on concentration as such, for in those cases in which a small concentration of catalyst gives 
a somewhat different result from that given by a larger proportion (the difference being 
outside the range of experimental error), the effect appears to be related to the time during 
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which the catalyst has been in use, rather than to its initial concentration; accordingly, 
small variations in concentration which do not greatly lengthen the time of reduction have 
not in general any recognisable effect on the additive mode. This is probably to be under- 
stood by reference to the form of the absorption curves in typical operations carried out 
with considerably different concentrations of the same (uniform) catalyst. The curves 
A and B in the figure refer to reductions in which the platinum catalyst in one case suffers 
serious diminution of activity after the lapse of 1—2 hours and in the other retains its 
activity until the end of the operation. Present indications are that change in the additive 
mode in such cases only begins when deterioration in the activity (7.e., ‘‘ ageing ’’) of the 
catalyst becomes marked, as occurs at point X in curve A. 

Included amongst the results on p. 1935 are figures relating to several experiments in which 
small amounts of carbon disulphide were added to the reaction mixture prior to reduction. 
Although the catalyst became progressively poisoned, no specific effect on the course of 
hydrogenation is apparent, save such as might have been occasioned during the later stages 
of poisoning by diminution in the activity of the yet unpoisoned centres of the catalyst with 
long-continued use, #.e., with “ ageing.” 

Nickel as Catalyst—Experiment shows that the change from platinum to nickel as 
catalyst can affect the course of reaction more profoundly than can such important sub- 
stitutional changes in the conjugated compound as alkylation. For the purpose of com- 
paring the additive mode promoted by nickel with that already observed for platinum, 
it was necessary, in order to retain equality of working conditions, to avoid the elevated 
temperatures or pressures (or both) which the commonly-used preparations of nickel 
require. An activated form of nickel (Raney’s catalyst) was found to be admirably suited 
to the purpose, since it proved capable of promoting the reduction of acids of the mono-, 
di-, and poly-olefinic series with reasonable celerity, although on the whole more slowly than 
does platinum derived from platinum oxide. 

The following table compares the effect of employing activated nickel in the 50% 
hydrogenation of (a) sorbic acid and (b) sodium muconate * with that of employing platinum. 
The figures for platinum are quoted from the previous paper of the series (this vol., p. 307), 
and the figures as a whole show the extents to which the two conjugated compounds undergo 
conversion into their various hydrogenation products or remain unchanged. Complete 
(100%) resolution of the various mixtures into their component substances has not been 
possible on the experimental scale adopted, and for this reason and because the very 
different methods of determination employed necessarily vary in accuracy, the figures are 
to be regarded as only approximate. It is especially to be noted that no definite figure is 
here given for the extent of formation of A®-dihydrosorbic acid-: no satisfactory method 
for the direct determination of this substance by separative or degradative means is avail- 
able, since the acid very closely resembles its A’-isomeride, yields no very distinctive 
derivatives, and on degradation with permanganate yields neither malonic acid (to be 
expected together with propionic acid) nor oxalic acid; accordingly, although the A*-acid 
appears to be an invariable and quite significant component of the hydrogenation product, 
for which a difference figure has been quoted in previous larger scale experiments, no direct 
estimate of its proportion is possible. The results obtained, however, show that, whereas 
the reduction of sorbic acid to the dihydro-stage approaches within measurable distance of 
completeness in the presence of nickel, that of sodium muconate does not; moreover, of 
the different dihydrosorbic acids which are produced by nickel, the A~-form occurs by far 
the most extensively, and since this form crystallises well in spite of its low melting point, 

* Sodium muconate is used in place of muconic acid owing to the insolubility of the latter in all 
ordinary media, and in preference to methyl or ethyl muconate for convenience in analysing the partial 
hydrogenation products. It is not impossible that the additive mode of ionised sodium muconate is 
somewhat different from that of muconic acid, or those of the muconic esters, especially in view of a 
statement by Armstrong and Hilditch (Proc. Roy. Soc., 1925, 108, 123) to the effect that the selectivity 
of the hydrogenation process observed by Moore, Richter, and van Arsdel (J. Ind. Eng. Chem., 1917, 
9, 451) in respect of cotton-seed oil and by themselves in respect of soya bean, linseed, maize, and 
cotton-seed oils or their derivatives is more or less suppressed when the free acids are taken in place 
of the neutral esters. 
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the reduction of sorbic acid to the 50% stage in presence of nickel constitutes a convenient 
method forits preparation. Thus now for the first time a conjugated butadienoid compound 
has been shown to be susceptible under the influence of a suitable catalyst of a very high 
degree of step-wise reduction : but even with a catalyst of proved efficiency in the promo- 
tion of step-wise reduction, the high degree of selective action promoted in one example 
is not, generally speaking, exercised independently of the conjugated constitution, as is 
clear from the example of sodium muconate in which a catalyst known to be highly selective 
with sorbic acid promotes to an important extent non-selective reduction. 


50% Hydrogenation of Sorbic and Muconic Acids (Nickel and Platinum). 
Conjugated acid. Components of reduction mixture (%). 
Ni catalyst. Pt catalyst. 


Sorbic acid (unchanged) 0 44 
SO acid 
AB- 


Sorbic Ay- 8 


Hexoic acid 
Unseparated residue (including A8-dihydrosorbic acid) and loss 


Muconic acid (unchanged) 


Muconic 2.1; : : 
(sodium aa rig seri ies 


salt) Adipic acid * 

* The figure for adipic acid is necessarily equal to that for unchanged muconic acid and is so shown 
in the table (also in the table on p. 1933). In practice the proportion of unchanged muconic acid could 
be determined directly with a considerable degree of accuracy, whereas the experimental figure for adipic 
acid was almost invariably low owing to the losses incurred in the rather complicated series of separative 
operations being almost entirely losses of adipic acid or of its ester. 


In view of the fact that selective attack in sorbic acid, so far as it occurs, is mainly 
directed towards the reduction of the y8- rather than of the «$-double bond (and this applies 
whether the catalyst is nickel, platinum or, as is shown below, palladium) it might be 
deduced that the main cause of the difference in additive mode between sorbic acid and 
muconic acid is that the former contains only one «$-double bond and the latter two—in 
other words, that the difference is due to the unequal facility of reduction of «8-bonds on 
the one hand and y8-, e¢-, etc., bonds on the other. Although a considerable difference in 
reducibility between double bonds adjacent to the carboxyl group and those more remote 
doubtless exists, yet recent experiments by one of the authors with Dr. S. R. Martin reveal 
that the courses of reduction pursued by certain conjugated criene and tetraene acids are 
not readily to be correlated with one another merely on the basis of the tendencies towards 
«8-reduction on the one hand and towards y8-, e-, etc., reduction on the other; moreover, 
any explanation on these lines is complicated by the occurrence of terminal («8-, «%-, etc.) 
hydrogenation, a mode of addition which becomes important with sodium muconate. 

Since the partial hydrogenation of ordinary or ¢vans-trans-muconic acid (in the form of 
its sodium salt) yields, inter alia, trans-A-dihydromuconic acid, that of cis-cis-muconic 
acid should yield cis-Adihydromuconic acid. The methyl cis-cis-muconate, m. p. 75°, 
originally described by one of the authors (Farmer, J., 1923, 123, 2547), was accordingly 
submitted to 50% hydrogenation in presence of nickel, and there was obtained, together 
with some unchanged methyl c#s-cis-muconate, a mixture of esters which yielded adipic 
acid, A*-dihydromuconic acid, and a new unsaturated acid on hydrolysis. The last acid, 
m. p. 80—81°, was readily separable in a state of purity from the accompanying acids, and 
represented the cis-isomeride of the A-dihydromuconic acid. The experimental details 
of the production of this acid and the evidence for its constitution are relegated for con- 
venience to the succeeding paper (p. 1940). 

Palladium as Catalyst.—The extent of dihydrogenation which was effected during the 
50% hydrogenation of sorbic acid was even greater with palladium than with nickel. 
Nearly complete dihydrogenation occurred with palladium employed in the following 
forms: (a) finely divided palladium obtained by shaking powdered palladium oxide with 
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hydrogen, (b) palladium supported on barium sulphate, (c) palladium supported on calcium 
carbonate, and (d) a platinum-carbon catalyst further activated by deposition of palladium. 
Three of these catalysts are well known for their efficacy in promoting specific (but different) 
types of reductive action, yet all agree in showing strong selective action in the reduction of 
sorbic acid, and two at least (the only ones tested) in the reduction of sodium muconate. 
The approximate extent of conversion of sorbic acid and sodium muconate into their 
respective hydrogenation products is shown in the table below. With palladium, as with 
nickel, the formation of dihydro-products from sodium muconate at the stage of 50% 
hydrogenation is less complete than it is with sorbic acid, and, secondly, terminal reduction 
of the butadiene chain of sodium muconate can reach the important figure of about 15%. 
Small proportions of unchanged sorbic acid and of hexoic acid have been recognised in 
several of the reduction mixtures. 


50% Hydrogenation of Sorbic Acid and of Sodium Muconate (Palladium Catalysts). 


Pd (PdO), Pd-—BaSO,, Pd-CaCO,, Pd-—C-Pt, 
Product. % %. : ¥ 
A*-Hexenoic acid 8 7 
Ayv- ” ” 
Unseparated residue (including 1 
A8-dihydrosorbic acid) and loss 


& 
74 
5°8 
6°8 


6°5 
a 2°3 
Sorbic acid | 1:2 1 


Muconic acid 


Muceste A2-Dihydromuconic acid 


acid i 
(sodium aes... 
salt) — acid 


Conclusions.—(1) Platinum, nickel, and palladium all show definite, but very different, 
tendencies towards the promotion of the step-wise reduction of conjugated compounds at 
the ordinary temperature and pressure,* and in the case of palladium step-wise reduction 
may attain or approach closely towards completeness. 

(2) The selectivity of the catalyst does not vary greatly with the form or method of 
application of the particular metal employed,t but the most striking differences in promot- 
ing action appear between different metals. There is nothing in the present results, how- 
ever, to preclude the possibility that a metal may be preparable in distinctive forms (e.g., 
different crystalline forms) capable of promoting quite dissimilar modes of hydrogenation. 

(3) The change from one metal, as catalyst, to another may have at least as profound an 
influence on the additive mode of a conjugated compound as have important structural 
(substitutional) modifications of the conjugated chain. 

(4) Toluene, ethyl acetate, water, and alcohol, when employed as solvents in the 
reduction of sorbic acid with platinum, appear to have no marked specific influence on the 
course of hydrogenation. The concentration of the catalyst also appears to have no direct 
influence on the additive mode in the case of platinum, but “ ageing ”’ of the catalyst, with 
accompanying change in additive mode, is more likely to occur with low than with high 
concentrations. 

Identification of Hydrogenation Products—The most notable feature of the partial 
hydrogenation experiments was the high degree of production (contrary to previously held 


* The work of Waterman and his collaborators (Rec. trav. chim., 1932, 51, 401, 653) supplies evidence 
of a difference in catalytic action between (a) nickel at low pressures and high temperatures on the one 
hand and at high pressures and the ordinary temperature on the other, and (b) platinum at the ordinary 
temperature and atmospheric pressure on the one hand and nickel at about 180° and atmospheric 
pressure on the other, in the hardening of oils containing polyolefinic glycerides. The observations of 
Bourguel and his collaborators on the catalytic reduction of acetylenic compounds (Compt. rend., 1925, 
180, 1753; Bull. Soc. chim., 1927, 41, 1443; 1929, 45, 1975) afford evidence of perfect selectivity on the 
part of palladium, although only when this is in colloidal form. 

+ Test experiments carried out with supported platinum catalysts indicate that with these, as with 
the unsupported platinum catalyst of Adams, the degree of formation of dihydro-products from sorbic 
acid is of a comparatively low order. 
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views) of dihydro-derivatives of the conjugated acids employed. Most of these dihydro- 
compounds can readily be obtained in pure form in considerable amounts, and all with the 
exception of A*- and A’-dihydrosorbic acids are beautifully crystalline at room temperature 
and yield characteristic derivatives. 

The general procedure for the separation of the hydrogenation products was that already 
reported in the earlier papers of this series; the forms in which the various products were 
weighed in determining the approximate composition of the partial reduction products are 
those reported below. The individual compounds were identified in the following ways :— 

Unchanged sorbic acid, by isolation of the crystalline acid, m. p. 134°, mixed m. p. 134°, 
very sparingly soluble in boiling light petroleum. 

A--Hexenoic acid, by isolation of the crystalline acid, m. p. 33°, mixed m. p. 33°, readily 
soluble in boiling light petroleum (b. p. 40—60°), from which it separated on cooling to 0° 
in large prisms; the anilide formed colourless needles, m. p. 110°, mixed m. p. 110°. 

A®.Dihydromuconic acid, by isolation of the crystalline acid, m. p. 197°, mixed m. p. 
197°; in practice the crude acid was converted by esterification with methyl-alcoholic 
hydrogen chloride into its methyl ester, which with bromine yielded methyl 68’-dibromo- 
adipate (colourless needles or prisms from petroleum or methyl alcohol, m. p. 93°, mixed 
m. p. 93°), from which methyl A®-dihydromuconate, m. p. 16°, was quantitatively recover- 
able by treatment with zinc and methyl alcohol, and convertible by hydrolysis with dilute 
sulphuric acid or sodium carbonate into the corresponding A*-acid, m. p. 197° (a small 
proportion of the low-melting form of methyl 88’-dibromoadipate always accompanied 
the form of m. p. 93°). 

trans-A-Dihydromuconic acid, by isolation of the crystalline acid, m. p. 191°, mixed 
m. p. 191°; in practice the crude acid was converted by the action of methyl-alcoholic 
hydrogen chloride into its methyl hydrogen ester, m. p. 60°, and regenerated therefrom by 
hydrolysis with sodium carbonate; on oxidation with permanganate the acid yielded 
succinic acid and oxalic acid almost quantitatively (see succeeding paper). 

cis-A*-Dihydromuconic acid, obtained for the first time in the present investigation, was 
isolated in crystalline form, m. p. 81°, and identified by analysis and by its almost quanti- 
tative conversion into succinic acid and oxalic acid on oxidation with permanganate (see 
succeeding paper). 

A8- and A’-Dihydrosorbic acids, not absolutely identified as such; the presence of the 
latter acid in the residual portions of the partial reduction products from sorbic acid, after 
separation of unchanged sorbic and A«-dihydrosorbic acids, was deduced from the formation 
of succinic acid on oxidation of the residue with permanganate; the evidence of the 
formation of the A®-acid is discussed on pp. 1931, 1937. 

Hexoic acid: the presence of this acid in small quantities in certain of the reduction 
products from sorbic acid was deduced from the isolation of a saturated oily acid, b. p. 
200—206°, solidifiable on cooling to —25°, convertible on esterification with alcoholic 
hydrogen chloride into a saturated ester having the characteristic odour of ethyl hexoate. 

Adipic acid, by isolation of the crystalline acid, m. p. 148°, mixed m. p. 148°. 


EXPERIMENTAL. 
A. Hvdrogenation with a Platinum Catalyst. 


Partial Hydrogenation of Sorbic Acid in Various Solvents.—The series of partial reductions 
(50%) tabulated below was carried out with the object of testing (a) the specific influence of the 
solvent and (db) the influence of a catalyst poison (carbon disulphide) on the course of hydrogen- 
ation at room temperature and atmospheric pressure. The platinum catalyst employed was 
derived as in former experiments from hydrated platinum oxide. The method of working up 
the product was that described previously (this vol., p. 306). Only the percentage figure for 
the unchanged sorbic acid contained in the reduction product is given, the total extent of 
conversion into dihydro-acids being theoretically equal to the difference between twice this 
figure and 100. The time required for 50% hydrogenation to occur is also given except in two 
cases in which it was not observed. The experimental error of observation arising by incomplete 
isolation of sorbic acid is considered to be not greater than 1%. 
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Catalyst, Time, Unchanged Added CS,, 
g. Solvent. hrs. acid, %. g. 
Alcohol (75 c.c.) P 43 
” ” . 42 
» (250 c.c.) 3° 39 
” ” a 34 
Toluene (75 c.c.) (? 43 
Ethyl acetate (75 c.c.) , 43 
Water (75 c.c.) ; 39 
Alcohol (75 c.c.) 43 0 
3 43 0:00175 
39 0°00225 
11 t 0°0025 


* Sodium sorbate was employed in this experiment. 
+ Reaction ceased after 8 hours, and only 0°2 mol. of hydrogen had then been absorbed. 
t Major proportion unchanged. 
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B. Hydrogenation with a Nickel Catalyst. 


Partial Hydrogenation of Sorbic Acid in Alcohol.—The active form of nickel known as Raney’s 
catalyst (prepared by dissolving the aluminium from a nickel—aluminium alloy containing 50% 
of each component) was suitable for the promotion of the hydrogenation at room temperature 
and atmospheric pressure of a variety of conjugated (tetraene, triene, and diene) and ethylenic 
acids. For employment in comparative experiments the nickel was worked up by the procedure 
recommended by Covert and Adkins (J. Amer. Chem. Soc., 1932, 54, 416) for the production of 
a specially active catalyst. Since the product ignited spontaneously when allowed to dry in 
air, it was preserved under alcohol: as a result, the small portions of catalyst required in the 
different experiments could not expeditiously be weighed out with precision, and in practice the 
proportion of catalyst taken (usually 0-5 g. per 10 g. of sorbic acid) was determined only approxi- 
mately. When shaken with hydrogen, the catalyst absorbed an appreciable amount of the gas 
(30 c.c. per 0-5 g.), so it was always necessary in quantitative experiments to treat the catalyst 
with hydrogen before actually employing it for reduction. The active nickel prepared by the 
procedure of Covert and Adkins reduced sorbic acid and sodium muconate somewhat more 
slowly than did platinum ; the less active preparations obtained by allowing the finely powdered 
alloy to stand in the cold with excess of caustic soda until the aluminium had dissolved promoted 
reaction still more slowly, for, whereas these latter preparations, in 0-5 g. portions, required 
about 7-75 hours for the reduction of 5-6 g. of sorbic acid, the more active preparation required 
only 1-75 hours. The partial hydrogenation products were freed from catalyst and solvent as 
previously described. 

Expt. 1. The nickel catalyst employed in this preliminary experiment was less active than 
that used in all succeeding experiments; furthermore, the nominal degree of hydrogenation 
(50%) was not quite attained, since the necessity for a preliminary treatment of the catalyst 
with hydrogen had not been realised. The hydrogenation product from 5-6 g. of sorbic acid 
yielded, when slowly distilled under reduced pressure, (a) a distillate (4-51 g.) which partly 
solidified at room temperature, and (b) a residue which when partly distilled from a small vessel 
gave a semi-solid distillate (0-62 g.) free from sorbic acid, leaving a solid residue (0-47 g.). The 
latter residue when fractionally crystallised from petroleum (b. p. 60—80°) yielded impure 
sorbic acid (0-3 g.) and At-hexenoic acid (0-1 g.). The two semi-solid distillates (total weight, 
5-13 g.), which consisted mainly of At-hexenoic acid, were combined and recrystallised several 
times from petroleum : there were ultimately obtained pure As-hexenoic acid (3-18 g.) and a 
liquid which was separable on partial esterification with alcoholic hydrogen chloride (see this 
vol., p. 306) into an acidic material (0-76 g.), consisting entirely of At-hexenoic acid so far as 
could be determined, and a neutral ester (1-0g.). The total amount of At-hexenoic acid was thus 
approximately 3-94 g. (70% yield), and that of recovered sorbic acid 0-30 g. (5-4% yield). 

Expt. 2. The 50% hydrogenation product from 5-6 g. of sorbic acid largely solidified on 
cooling. By partial recrystallisation from light petroleum, pure Ae-hexenoic acid (3-6 g.) was 
obtained, together with a liquid residue which yielded on partial esterification with alcoholic 
hydrogen chloride solid At-hexenoic acid (1-25 g.) and a (crude) neutral ester (0-75 g.). Thus 
the total amount of Ae-hexenoic acid isolated was 4-85 g. (86%). The neutral ester, on oxid- 
ation at 0° with permanganate, yielded calcium oxalate equivalent to 0-21 g. of Ae-hexenoic acid 
and a very small quantity of succinic acid, which was identified by comparison with an authentic 
specimen. No unchanged sorbic acid was isolated, but possibly the failure to detect a very 
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small proportion thereof was due to the omission in this experiment of the customary series of 
partial distillations. 

Expt. 3. A careful repetition of the preceding experiment employing 11-2 g. of sorbic acid 
and reverting to the distillation procedure for separating unchanged sorbic acid yielded (a) a 
liquid fraction (2-54 g.), (b) a solid fraction consisting of pure At-hexenoic acid (7-2 g.), and 
(c) a residue which on fractional crystallisation from petroleum (b. p. 60—80°) yielded impure 
sorbic acid (0-37 g.), At-hexenoic acid (0-5 g.), and a residue (0-47 g.) which contained some 
hexenoic acid and some sorbic acid. The liquid fraction (a), on partial esterification with 
alcoholic hydrogen chloride, yielded a further quantity of At-hexenoic acid (1-66 g.) and 1 g. of 
(crude) neutral ester. The latter, containing the saturated hydrogenation product (esterified), 
decolorised only 35 c.c. of 3-2% permanganate when treated with this reagent at 0° : this degree of 
unsaturation corresponded to a probable approximate content of 0-4 g. of ethyl hexoate and 
0-6 g. of ethyl hexenoate (A8- or AY-). From the oxidation product, 0-05 g. of impure succinic 
acid was isolated (identified after purification by comparison with an authentic specimen), some 
calcium oxalate, and a little (unidentified) fatty acid. The hydrogenation product contained, 
therefore, at least 83% of At-hexenoic acid, a little AY-hexenoic acid (about 0-4%), possibly a 
little A8-hexenoic acid, although the presence of this substance was not actually demonstrated, 
some hexoic acid, and an amount of unchanged sorbic acid equivalent to the hexoic acid. 

Partial Hydrogenation of Sodium Muconate in Water.—50% Hydrogenation in presence of 
activated nickel was carried out as previously described for platinum (this vol., p. 307). The 
aqueous product, after removal of the catalyst, was freed directly from the bulk of unchanged 
muconic acid by careful acidification * in dilute solution and filtration. The acidic residue 
derived by evaporation of the filtrate was directly submitted to partial esterification with methy]- 
alcoholic hydrogen chloride, whereby a mixture of neutral and acidic esters, together with a 
further very small quantity of muconic acid, was obtained. From the respective amounts of 
(a) methyl hydrogen tvans-Ae-dihydromuconate (m. p. 60°), (6) unchanged muconic acid, (c) 
methyl 88’-dibromoadipate,t and (d) methyl adipate derived from the reduction product (see 
this vol., p. 307) in several consecutive experiments, the relative degrees of non-hydrogenation, 
dihydrogenation («8- and a«’-), and tetrahydrogenation shown on p. 1932 were calculated. The 
description and proof of structure of the methyl hydrogen Ae-dihydromuconate, m. p. 60° 
(previously reported m. p. 58°), obtained in these and former experiments and subsequently 
obtained by equilibration of A*-dihydromuconic acid with caustic soda, followed by partial 
esterification, are given in the succeeding paper (p. 1938). 

The 50% hydrogenation of methyl cis-cis-muconate could not be studied quantitatively 
owing to the serious experimental difficulties attending the separation of the components of the 
reduction mixtures. A description of the qualitative production and of the properties of both 
methyl and ethyl! cis-A*-dihydromuconate by partial reduction of the corresponding esters of 
cis-cis-muconic acid is included in the succeeding paper. 


C. Hydrogenations with Palladium Catalysts. 


Preparation of Catalysts.—Four varieties of palladium catalyst were employed in different 
experiments. These were prepared in adequate quantity for carrying out a number of experi- 
ments, and preserved in well-stoppered bottles: (1) Palladium supported on barium sulphate, 
prepared by the method of Schmidt (Ber., 1919, 52, 409), was used in the proportion of 0-2 g. of 
catalyst to 5-6 g. of sorbic acid. (2) Palladium supported on calcium carbonate, prepared by 
the method of Busch and Stéve (Ber., 1916, 49, 1064), was used in the proportion of 1 g. of 
catalyst to 5°6 g. of sorbic acid. (3) Palladous oxide, PdO, prepared by the method of Adams 
and Shriner (J. Amer. Chem. Soc., 1924, 46, 1685), was used as a source of unsupported palladium. 
This oxide, like platinum oxide, was reduced to the metallic state in the reaction vessel by 
shaking with hydrogen, and was used in the proportion of 0-1 g. to 5-10 g. of conjugated acid. 
(4) Platinised active charcoal (consisting of 10% of platinum and 90% of a sugar charcoal 
designated ‘‘ Suchar,” prepared by Imperial Chemical Industries Ltd.) on which palladium from 
palladium chloride solution (1-6 c.c. of 10% solution per g. of platinised charcoal) had been 


* Any considerable excess of mineral acid increases the difficulty of separating the products com- 
pletely owing to lactonisation of the A*-acid. 

t This bromide did not consist wholly of the high-melting form, so the percentage figure for the 
A8-acid was based on the total weight of (di)bromide obtained from the (esterified) residue of the 
reduction product left after separation of unchanged conjugated and A-dihydro-acid. 
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deposited according to the method of Zelinsky, Packendorff, and Leder-Packendorft (Ber., 1933, 
66, 872) was used in the proportion of 0-25 g. of catalyst to 5-6 g. of sorbic acid. 

50% Hydrogenation of Sorbic Acid.—A series of reductions (each repeated at least once) was 
carried out, using in the respective cases the four catalysts mentioned above. Prior to each 
reduction the catalyst specimen employed was shaken with hydrogen until no more gas was 
absorbed. The reduction product was in each case freed from catalyst and worked up as follows. 
First it was fractionally distilled, the highest-boiling (undistilled) portion being carefully 
examined for sorbic acid by fractional crystallisation from light petroleum; then the distillate, 
crystallising in the receiver and obviously consisting mainly of At-hexenoic acid, was partially 
esterified and so separated into a major portion of (unesterified) crystalline At-hexenoic acid and 
a minor portion of crude oily ester derived from the A’-, A8-, and a little of the (unavoidably 
esterified) Ae-hexenoic acid present in the reduction mixture. In the case of palladium-—calcium 
carbonate a small proportion of sorbic acid was isolated and the approximately equivalent 
proportion of hexoic acid shown to be present ; also in the case of the palladium catalyst derived 
from palladium oxide a very small proportion of sorbic acid was recovered unchanged. The 
crude ester was oxidised at 0° with3% permanganate, and the proportions of the A¢- and A’-esters 
contained therein deduced from the proportions of oxalic and succinic acids produced. 

A typical case is that of the 50% reduction of sorbic acid (in quantities from 5-8 g. to 40-7 g.) 
by the aid of palladium—calcium carbonate. Nearly the whole of the reduction product distilled 
at 119—120°/20 mm., the major part solidifying in the condenser, leaving a solidifiable residue 
in the flask, from which a little sorbic acid was isolated by crystallisation from light petroleum. 
The whole of the distillate and the low-melting portion of the residue were submitted to partial 
esterification, the latter, together with the highest-boiling portion of the distillate, being treated 
separately in order to facilitate the complete separation of (unesterified) sorbic acid. In this 
way sorbic acid (maximum total yield, 3-6%), solid At-hexenoic acid, and a mixture of esters 
were separated, the last two being finally distilled once without the use of a column. The 
odour of the mixture of esters in this example indicated that some hexoic ester was present. 
The degree of unsaturation was experimentally determined by the hydrogenation of samples of 
the mixture and hence the proportion of fully saturated material was ascertained. This, as 
theory required, corresponded reasonably closely with the percentage of unchanged sorbic acid 
actually recovered. The bulk of the ester mixture (b. p. 69°/20 mm.) was oxidised with cold 
alkaline permanganate, the process being continued at room temperature as far as possible : 
allowing, however, for the proportion of hexoic ester known to be present, the theoretical 
quantity of permanganate was not reduced, indicating the presence of some material which 
resisted complete oxidation under these conditions. The oxidation product contained succinic 
acid and a little oxalic acid, from the proportions of which, respectively, the percentage yields 
of AY- and residual (unavoidably esterified) At-acid were calculated.* The succinic acid was 
isolated as such from the oxidation product after the oxalic acid had been removed by precipit- 
ation as calcium oxalate in the presence of dilute acetic acid. The oxalic acid was estimated 
volumetrically. Since the oxidation was not quite complete, a syrupy acidic residue remaining 
which, although doubtless partly composed of hexoic acid, yielded a little more succinic acid 
but no oxalic acid on further treatment with permanganate, another estimate of the succinic 
acid produced was made by oxidising a fresh quantity of a 50% reduction product of sorbic acid 
directly with permanganate without previous separation of the bulk of the At-acid ; a somewhat 
higher percentage figure was thereby obtained. 

In all reductions there was a discrepancy between the sum of the yields of A’-, residual 
Ae-hexenoic, and hexoic (when present) esters and the total yield of mixed esters. This is 
attributed to the presence of Af-hexenoic ester, but no satisfactory means of estimating the 
latter was discovered ; in the case of the palladium-—calcium carbonate reduction product, how- 
ever, an attempt was made to achieve partial separation of propionic acid, arising by degradation 
of the A®-acid, from the acetic and butyric acids arising from the A’- and A*-acids respectively. 
The mixture of acids was extracted with ether from the (acidified) permanganate oxidation 
product, after the oxalic acid present therein had been precipitated as the calcium salt in alkaline 
solution, and the filtrate concentrated: the extract was dried, and the fatty acid isolated 
therefrom (in rather poor yield) fractionated as adequately as possible in a small apparatus. 
The middle fraction (b. p. 135—145°) was converted into the corresponding p-toluidide, the 


* The possibility that traces of oxalic acid may arise by oxidation of Af-hexenoic acid is discounted 
by the fact that mixtures of Af- and Ay-hexenoic acid produced by “ nascent ’’ reduction of sorbic acid 
yield no oxalic acid with permanganate if carefully freed from unchanged sorbic acid. 
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non-homogeneous derivative being boiled with petroleum (b. p. 60—80°) to extract material of 
low melting point (apparently containing the p-toluidide of butyric acid, m. p. 75°), and the 
residue then fractionally crystallised from benzene. Although no adequate separation of the 
individual p-toluidides present could be effected, a considerable fraction of m. p. 117—120° was 
obtained which appeared to consist mainly of the p-toluidide of propionic acid, since on admix- 
ture with an authentic specimen of the latter (m. p. 126°) it melted at 118—122°, but on admix- 
ture with the p-toluidide of acetic acid (m. p. 153°) it melted at 95—110°. An attempt to 
obtain a purer derivative of the propionic acid produced by oxidation, by conversion of the crude 
fatty acid into the corresponding monochloro-derivative, and thence into the corresponding 
malonic acid, failed, since the mixture of malonic acids produced proved to be more difficult of 
resolution than the above-mentioned -toluidides. 


The authors express their thanks to the Government Grant Committee for a grant to one 
of them. 


[Received, October 1st, 1934.] 
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424, Muconic and Hydromuconic Acids. Part VI. cis- and trans- 
A*-Dihydromuconic Acids. 


By E. H. FARMER and L. A. HUGHEs. 


In the course of an earlier investigation in this series (Farmer, J., 1923, 123, 2531) several 
attempts were made to produce a homogeneous A-dihydromuconic acid from its A8-isomer- 
ide by heating the latter with aqueous caustic soda as prescribed by Rupe (Amnalen, 1890, 
256, 13). Rupe records that he obtained under specified conditions, and presumably as 
the sole product, a Aacid, m. p. 168—169°, from the corresponding Af-acid, m. p. 195°. 
All repetitions of his work at that time, however, led to the production of obvious mix- 
tures of acids of indefinite melting point, which clearly contained much of the original 
acid; moreover, all attempts to isolate a pure A~acid by fractional crystallisation of the 
mixtures failed. Ingold (J., 1921, 119, 965), however, states that he obtained the A- 
acid by the interaction of «-bromoadipic ester with 6N-methyl-alcoholic potash and 
assigns to it the melting point observed by Rupe (169°); and Ingold and Shah (J., 1933, 
885) prepared the At-acid by Rupe’s method and, believing their product to be a homo- 
geneous compound, utilised it for observations relating to the mode of catalytic reduction 
of ethyl muconate. 

Both the ¢vans- and the cis-form of the A~acid have become of interest owing to their 
evident production during the step-wise hydrogenation of trans-trans- and cis-cis-muconic 
acids respectively (preceding paper). Now there was every reason to believe that the 
mixtures of acids obtainable under Rupe’s conditions, or under certain modifications of 
these, were essentially equilibrium mixtures of the A~ and A®-acids in which the A®-form 
probably preponderated. This view has proved to be correct, for as the result of our 
recent observation that A and A*-dihydromuconic acids behave differently when a 
mixture of the two is submitted to esterification with methyl-alcoholic hydrogen chloride 
(the former yielding an extremely tractable solid half-ester, MeO,C-CH,*CH,°CH:CH-CO,H, 
of m. p. 60°, and the latter the neutral ester, MeO,C-CH,-CH:CH-CH,°CO,Me, of b. p. 
125°/14 mm. and m. p. 16°: compare Farmer, Joc. cit., p. 2541; Farmer and Duffin, J., 
1927, 405), it has become an easy matter to isolate simple ester derivatives of the pure 
As- and Af-acids from Rupe’s preparation. These derivatives are obtainable (respectively) 
in roughly the proportion 1:3. By careful hydrolysis of the A~half-ester with acid or 
alkali the corresponding A*-acid is obtainable, and it is to be observed that, although this 
acid melts at 191°, 7.e., within a few degrees of its A*-isomeride (m. p. 195°), there is a very 
large depression of melting point (24°) when the acids are mixed; furthermore, the crys- 
talline habit of the A~acid is very different from that of its isomeride, and the neutral 
methyl ester of the A*-acid, unlike that of its A*-isomeride, does not solidify in ice-salt. 
Both the compound now designated as the pure A*-acid and its solid half-ester are con- 
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verted almost quantitatively into succinic and oxalic acids when oxidised with permangan- 
ate, and since the same (mono-olefinic) solid half-ester had already been observed by us to 
be formed when sodium trans-trans-muconate is semi-hydrogenated catalytically and the 
product partially esterified, there can be no doubt that both compounds possess the ¢vans- 
configuration. 

The ¢rans-A--half-ester yielded with bromine a viscous liquid dibromide, and this 
on hydrolysis with hydrobromic acid gave a mainly solid product from which only 
one dibromo-acid (m. p. 171—173°) was isolated. This was converted, on debromin- 
ation with zinc, into the same A~acid as was obtained by direct hydrolysis of the 
half-ester. No further attempts to obtain the corresponding cis-A~acid by debromin- 
ation of one or other of the two theoretically possible stereo-forms of the dibromide, 
HO,C-CH,°CH,*CHBr-CHBr-CO,H, were made, because its methyl (or ethyl) ester was 
found to form one of the partial reduction products of methyl (or ethyl) czs-cis-muconate 
(see this vol., p. 1932). The isolation of the cis-acid, which melts at 81°, is described in the 
experimental portion (p. 1940), and this substance, like its trans-isomeride, gives succinic 
and oxalic acids in good yield on oxidation. Of the four theoretically possible dihydro- 
muconic acids, therefore, three are now known. 


EXPERIMENTAL. 


Formation of trans-A*-Dihydromuconic Acid.—(a) By equilibration of A8-dihydromuconic 
acid. The ordinary form of A®-dihydromuconic acid, m. p. 195°, was prepared in quantity by 
the method of Farmer (oc. cit., p. 2541). Portions of this were heated with caustic soda solution, 
and the supposed As-dihydromuconic acid so formed was isolated in the manner prescribed 
by Rupe (/oc. cit.). In all cases an acid of indefinite melting point was obtained from which a 
homogeneous product could not be isolated by fractional crystallisation : a large proportion of 
the product appeared, however, to be unchanged Af-acid. Modifications of Rupe’s method of 
treatment involving alteration in the duration of heating and the concentration of the alkali 
yielded similar results. When the product obtained under Rupe’s conditions was submitted to 
partial esterification with 0-25N-methyl-alcoholic hydrogen chloride for 16 hours, and the 
reaction mixture worked up in the usual way, a neutral ester, b. p. 125°/14 mm., and a crystal- 
line half-ester were obtained. The former was crystallisable methyl A’-dihydromuconate 
(m. p. 16°: compare Farmer and Duffin, Joc. cit., p. 402) and yielded pure A’-dihydromuconic 
acid, m. p. 195° (mixed m. p. with an authentic specimen, 195°) on hydrolysis, whilst the latter 
was quite unlike the half-ester of A®-dihydromuconic acid which had been recently obtained in 
quantity by one of us in connexion with another investigation. The half-ester crystallised from 
light petroleum, in which it was sparingly soluble, in pearly plates, m. p. 60°, and gave on 
oxidation at 0° with alkaline 3% permanganate almost quantitative yields of oxalic acid (isolated 
as calcium oxalate) and succinic acid, m. p. 184° (mixed m. p. with authentic specimen, 184— 
185°). It was accordingly methyl hydrogen A-dihydromuconate (Found: C, 53-05; H, 6-2; 
M (monobasic), 162. C,H, O, requires C, 53-15; H, 6-3%; M, 158]. Since it was formed by 
partial esterification of the unsymmetrical A*-acid, it must be represented by the formula 
MeO,C’CH,*CH,°CH:CH’CO,H (the isomeric half-ester HO,C*CH,*CH,*CH:CH°CO,Me is as 
yet unknown), and for the reason given on p. 1932 must unquestionably be regarded as a trans- 
form. 

When the half-ester was hydrolysed by heating for several minutes with 25% (by vol.) 
sulphuric acid, or more satisfactorily, by boiling for about 15 minutes with twice the theoretical 
quantity of dilute sodium carbonate or caustic soda solution, the corresponding acid, trans- 
A-dihydromuconic acid, was obtained. This differed from the isomeric (trans) Af-acid consider- 
ably in crystalline habit but by only a few degrees in melting point. It dissolved readily in 
hot water and partly separated from concentrated aqueous solution, on cooling, in small prisms 
or as a coarsely crystalline powder, m. p. 191°; in small quantities it could be conveniently 
recrystallised from ether [Found: C, 49-95; H, 5-50; M (dibasic), 142. C,H,O, requires 
C, 50-0; H, 555%; M, 144). 

(b) By partial hydrogenation of trans-trans-muconic acid. The 50% hydrogenation of ordin- 
ary muconic acid (employed in the form of its sodium salt in aqueous solution) invariably con- 
sisted to a considerable extent (32—57%) of the above-described tvans-A*-dihydromuconic acid 
when the catalyst was nickel or palladium (see preceding paper). This acid was conveniently 
isolated from the crude reduction product by submitting the latter to partial esterification and 
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crystallising the methyl hydrogen ‘vans-A*-dihydromuconate so formed from light petroleum 
This half-ester, m. p. 60°, was identical with that described above and gave the corresponding 
free ‘vans-A*-acid, m. p. 191°, on hydrolysis. 

Esterification of the half-ester by refluxing its silver salt with methyl iodide yielded the 
corresponding neutral ester, methyl trans-A*-dihydromuconate, b. p. 127°/14 mm., which did not 
solidify on cooling in ice-salt (Found : C, 55-65; H, 6-9. C,H,,0, requires C, 55-8; H, 6-9%). 

Addition of bromine (1 mol. in chloroform) to the half-ester yielded a pale yellow liquid 
bromide (methyl hydrogen a$-dibromoadipate) which did not solidify on cooling or keeping. 
Hydrolysis of this bromide with boiling hydrobromic acid yielded a solid bromo-acid which was 
evidently one of the possible stereo-forms of «8-dibromoadipic acid, since it reverted on debromin- 
ation with zinc and acetone to the original geometrical form (¢vans) of At-dihydromuconic acid. 
This bromo-acid separated from ether—petroleum as a white crystalline powder, m. p. 171—173° 
(Found: Br, 52-3. C,H,O,Br, requires Br, 52-6%). 

Prolonged heating of methyl hydrogen As-dihydromuconate or the corresponding free acid 
with dilute mineral acid, or boiling with 50% sulphuric acid for 15 minutes, yielded an oil which 
on distillation was obtained as a non-homogeneous colourless liquid which proved to consist 
partly of the lactone of 8-hydroxyadipic acid (compare Farmer, /oc. cit., p. 3331). 

Formation of cis-At-Dihydromuconic Acid.—This acid was obtained by the 50% reduction 
of methyl cis-cis-muconate. This ester, m. p. 75°, was obtained by the method of Farmer 
(loc. cit., p. 2547) and was hydrogenated in alcohol in the presence of activated nickel (see pre- 
ceding paper). The reduction product, freed from catalyst by filtration, and from alcohol 
by gentle warming under reduced pressure, was taken up in light petroleum and cooled. A 
little unchanged methyl cis-cis-muconate crystallised, but no further separation could be 
effected. The residual ester mixture was therefore hydrolysed by refluxing it with twice the 
theoretical amount of aqueous 15% caustic soda until dissolution was just complete. The 
product was boiled for a further few minutes without a condenser to expel alcohol, then cooled 
and extracted with ether to remove any trace of neutral ester. The alkaline liquor was well 
cooled and very cautiously acidified with the calculated amount of well-cooled concentrated 
hydrochloric acid and immediately extracted with ether. The ethereal extract yielded a solid 
mixture of acids, from which cis-A*-dihydromuconic acid [Found: C, 49-8; H, 5-57; M (di- 
basic), 144. C,H,O, requires C, 50-0; H, 5-55; M, 144] was directly isolable by several extrac- 
tions with boiling (dry) benzene. This cis-acid, after recrystallisation from benzene, melted at 
81°, and gave by oxidation in the usual way with cold alkaline permanganate good yields of 
succinic acid (m. p. 185°; mixed m. p. 185°) and oxalic acid. Complete separation of the acids 
contained in the residue of the hydrogenation product was not effected, but by repeated fractional 
crystallisation of the mixture specimens of A’-dihydromuconic acid (vans, m. p. 193—195°) 
and adipic acid (m. p. 148°) were isolated. 

Slightly impure ethyl cis-cis-muconate (Found: C, 59-9; H, 6-9. Calc. for C,,.H,,0,: 
C, 60-6; H, 7-05), when similarly submitted to 50% hydrogenation in presence of nickel, also 
yielded an appreciable proportion of the corresponding cis-As-dihydro-product, since the cis- 
A8-dihydromuconic acid, m. p. 81°, was readily isolable from the hydrolysed reduction product. 


We desire to thank the Government Grant Committee of the Royal Society for a grant to 
one of us (E. H. F.). 
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425. The Constitution of Tannins. Part IV. Absorption Spectra of 
Natural Phlobatannins and Synthetic Flavpinacols. 


“By ALFRED RUSSELL, JOHN TopD, and Crecit L. WILSON. 


It has been shown (this vol., pp. 218, 1066, 1506) that the reduction by zinc dust and dilute 
alcoholic acid of 2-hydroxy-polyhydroxychalkones containing suitably oriented phenolic 
hydroxyl groups produces amorphous substances, which are qualitatively indistinguishable 
from natural phlobatannins and are probably flavpinacols. Since tannins can be recognised 
qualitatively only, it may be inferred that natural phlobatannins are flavpinacols hydroxy]- 
ated in the manner indicated by the fission products which they yield on fusion with alkali. 
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Broadly speaking, this view is in harmony with the speculations of Freudenberg (“ Tannin, 
Cellulose, Lignin,” Berlin, 1933), who considers that phlobatannins are polymerides of 
3-hydroxyflavans on account of the resemblance which catechin (3: 5:7 : 3’ : 4’-penta- 
hydroxyflavan), although not a tannin, bears to natural phlobatannins. The fact, however, 
that catechin is the only member of its class known to occur naturally, whereas a large 
number of phlobatannins are known, makes it unlikely that phlobatannins are hydroxy- 
flavans polymerised at the 3-position. 

Their amorphous nature precludes quantitative comparison of natural phlobatannins 
and synthetic flavpinacols. Accordingly, attention has been directed to comparative 
physicochemical measurements which are, at least partly, quantitative. Results, which 
could not be interpreted, were obtained in an attempted comparison of molecular weights 
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by viscosity measurements along lines similar to those advocated by Staudinger (Ber., 
1932, 65, 267) for complex aliphatic compounds. Absorption spectra measurements have, 
however, given results which confirm, beyond reasonable doubt, the view that phlobatannins 
are polyhydroxyflavpinacols. The absorption spectra of polyhydroxyflavpinacols are in- 
distinguishable from those of typical natural phlobatannins, which, fortunately, are banded 
in a sufficiently characteristic manner (cf. curves for gallotannin and ellagic acid, containing 
the essential structures of the few natural tannins which are not phlobatannins, with those 
for hemlock and mimosa tannins). 

Absorption curves are included for all the essential starting materials, for the inter- 
mediate polyhydroxychalkones, and for a number of 4-hydroxyflavpinacols, whose 
properties will be described later. 


The Baly tube method was employed and the solvent was absolute alcohol showing no 
absorption above 4 2350. The instrument was a Hilger Medium Quartz Spectrograph (E2) 
6L 
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having a dispersion sufficient to differentiate four of the seven absorption bands of benzene 
recorded by Baly and Collie (J., 1905, 87, 1332) at 4 2410 (two bands), 2490, 2560, and 2610 
(three bands). 

Results.—Where possible these are given in tabular form. 

Acetophenone (Fig. 1). General absorption with a pronounced extension of the curve at 
24 2620—2880 (cf. Baly and Collie, Joc. cit., p. 1343). 

Hydroxy-ketones. The effect of introducing phenolic hydroxyl groups into acetophenone is 
very marked; the three derivatives examined have a similar banded structure (Table I). The 
extension measured may, of course, be a weak band. 


TABLE I, 


Ketone. Head of band. Extension. 


Resacetophenone (Fig. 2) 3000—3300 
Phloracetophenone (Fig. 3) 3200—3380 


Gallacetophenone (Fig. 4) 3260—3400 


Benzaldehyde (Fig. 1). The absorption measured agrees with that recorded by Baly and 
Collie (/oc. cit.); a small band with its head at A 2850. 
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Hydvoxy-aldehydes. Again the effect of introducing phenolic groups is very marked. 


TABLE II. 


Aldehyde. Inflexion. Band head. Band head. 
p-Hydroxybenzaldehyde (Fig. 6) * 2880 —_ 
Protocatechualdehyde (Fig. 2) — 2760 3120 
Vanillin (Fig. 5) ¢ — 2780 3120 


* Cf. Tuck, J., 1909, 95, 1809. t Cf. Purvis, J., 1914, 105, 2482. 
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The two bands given by protocatechualdehyde and vanillin merge, in greater thicknesses of 
solution, into one broad band. 

Benzylideneacetophenone (Chalkone) (Fig. 1). The spectrum shows two bands: a weak 
one at 42880 and a stronger one at 4 3125, the two merging into one broad band. This is 
similar to the curve given by Stobbe and Ebert (Ber., 1911, 44, 1289), who found a broad band 
with its head at 4 2857 and an extension of the curve at A 3100—3300, but totally unlike that 
given by Shibata and Nagai (J. Chem. Soc. Japan, 1923, 43, 101), who found one broad band with 
its head at 43300. A repetition, using chalkone that had been further recrystallised twice, 
served only to verify the results now given. 

Chalkone reduction product, CygH,,O, (Fig. 1) (this vol., p. 1069). The absorption is general ; 
the curve shows two small extensions at A 2370—2500 and 4 2730—2880 which may be weak bands. 
It seems to be indicated, however, that reduction of chalkone destroys, or modifies considerably, 
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the centres of absorption, a view which is in harmony with the change 2-hydroxychalkone —-> 
flavpinacol. 


TABLE III. 


Chalkone. Fundamental bands. Extension. Colour band. 

:4: 3’: 4’-Tetrahydroxy (Fig. 2) 2900 3160—3380 3840 - 
4:6: 3’: 4’-Pentahydroxy (Fig. 3) 2880 3160—3300 3970 
:3:4: 3’: 4’-Pentahydroxy (Fig. 4) 2890 3100—3500 3860 

: 4: 4’-Trihydroxy-3’-methoxy (Fig. 5) 2910 3120—3320 3840 

: 4: 4’-Trihydroxy (Fig. 6) 2810 3150—3400 3760 
:4:6: 4’-Tetrahydroxy (Fig. 7) 2880 3100—3300 4570 
:3:4: 4’-Tetrahydroxy (Fig. 8) 2880 . 3560 above 5000 


2-Hydroxy-polyhydroxychalkones. The introduction of phenolic hydroxyl groups into 
chalkone modifies its spectrum considerably. This effect might be expected, since it corresponds 
to the change from chromogen to chromophore and indicates that it would be of interest to make 
a comprehensive examination of the absorption spectra of hydroxychalkones. The spectra 
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are all very similar and show two, what may be called, fundamental bands in the ultra-violet 
region, an extension or shallow band at about A 3100—3300, and a deep well-marked band partly 
in the visible region, accounting for the yellow-orange colour of hydroxychalkones. Table III 
shows the band measurements. 

Flavpinacols. The curves show a close similarity in the ultra-violet region to those of the 
chalkones above, but the “colour band” has disappeared. Since bis-(7 : 4’-dihydroxy)- 
flavpinacol also shows a band above A 5000, it is possible that reduction has shifted the “‘ colour 
band ”’ of the chalkones further towards the red end of the spectrum and out of the region 
examined for the other flavpinacols. It seems more likely, however, that the extra band in 
bis-(7 : 4’-dihydroxy)flavpinacol is due to the presence of a trace of unreduced chalkone, since 
an extension of the curve at about 13300 corresponds to the extension of the corresponding 
2:4: 4'-trihydroxychalkone. 
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3’ : 4’-Dihydroxy-polyhydroxyflavpinacols (qualitatively indistinguishable from phlobatannins: 
cf. this vol., pp. 218, 1066). 


TABLE IV (Fic. 12). 


Flavpinacol. Band head. Band head. 
Bis-(7 : 3’ : 4’-trihydroxy) 2850 
Bis-(5 : 7: 3’ : 4’-tetrahydroxy) 2880 
Bis-(7 : 8 ; 3’ : 4’-tetrahydroxy) 2890 


4'-Hydroxy-polyhydroxyflavpinacols. 


TABLE V (Fic. 13). 


Flavpinacol. Band head. Band head. 
Bis-(7 : 4’-dihydroxy) . 2820 
Bis-(5 : 7 : 4’-trihydroxy) 2890 
Bis-(7 : 8: 4’-trihydroxy) ..... Prindiswonevasesagutsctecess 2690 2900 
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Natural phlobatannins (Table V1) and methylated natural phlobatannins (Table VII). 


TABLE VI (Fic. 9). TABLE VII (Fic. 10). 


Tannin. Band head. Band head. , Parent tannin. Band head. Band head. 
Hemlock 2860 2800 
Mimosa 2860 i 2810 


Ellagic acid (B.D.H.), C,4H,O, (Fig. 11). Three bands are measured at A 2480, A 3140, and 
2 2680, the first of which is probably the diphenyl band (cf. Adam and Russell, J., 1930, 202). 

Gallotannin, extracted from oak galls (Fig. 11). The absorption appears to be general, but 
two extensions at A 2740—2920 and at A 3300—-3740 may be weak bands. 

In interpreting the results given above it has been found most convenient to consider the 
various spectra as grouped in the Figures. Fig. 1 shows the two starting materials, benzaldehyde 
and acetophenone, chalkone, the condensation product of these, and the bis-reduction product 
of chalkone. Each of Figs. 2—8 shows a hydroxy- 
aldehyde, hydroxy-ketone, and the corresponding 
chalkone. Figs. 9 and 10 show the characteristics 
of the phlobatannin spectrum—two narrow bands at 
2 2700 and A 2800—2900. Fig. 11 shows the totally 
different spectra given by the two natural tannins 
which are known not to be phlobatannins. Figs. 
12 and 13 for flavpinacols show that reduction of 
2-hydroxychalkones removes the “colour band,” 
or shifts it far into the red region, and reduces 
the spectrum to one exactly like the characteristic 
phlobatannin spectrum. 


Fic. 13. 
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Discussion.—Without extensive speculation 
the results may be summarised. The absorption 
spectra of synthetic flavpinacols are entirely 
similar to those of typical natural phlobatannins, 
consisting of two sharply defined bands at 4 2700 
and 2 2800—2900. The parent chalkones (of the 
flavpinacols) also show two bands in approxi- 
mately the same positions, but all have, in addi- 
tion, a broad characteristic band in the violet 
region with its head at, in the different cases, from 
43700 to 13900, complementary to the visible 
colour of chalkones and differentiating the spectra 
very sharply from those of flavpinacols. an Bis? : ; : yatiedeanesamet 

Considered in conjunction with the spectra, the Bis(-7: 4’ dihydroxy) Pooloned. “3 
differences in colour between the chalkone and the ; 
flavpinacol solutions are explained. In all cases the solutions of hydroxychalkones are 
strongly coloured, with colours varying from bright yellow to deep orange-red. On 
dilution, the colour weakens but persists. Flavpinacol and phlobatannin solutions, on 
the other hand, rapidly lose their red colour on dilution. 

The hydroxychalkone spectrum is, broadly speaking, the sum of the spectra of hydroxy- 
aldehyde and hydroxy-ketone plus a characteristic band in the visible region due to the 
chromophoric characteristic of 2-hydroxychalkones. On reduction, the chromogenic 
group is destroyed by ring closure, the visible band disappears, and the reduction products 
give spectra which are closely similar to those of typical natural phlobatannins. 
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426. Dichloro-o-xylenes. Part II. 
By LEONARD E. HINKEL, ERNEsT E. AYLING, and THomAs M. WALTERS. 


By dichlorination of o-xylene, Hinkel, Ayling, and Bevan (J., 1928, 1874) isolated three 
dichloro-derivatives, the constitutions of two of them being established as 4 : 5- and 3: 4- 
dichloro-o-xylene by their reactions. The remaining isomeride, produced only in small 
amount, was not fully investigated and was assumed to be 3: 6-dichloro-o-xylene. Its 
synthesis, together with those of the 4: 5- and the 3: 4-derivative, has therefore been 
undertaken. 

3 : 6-Dichloro-o-xylene was synthesised from aceto-o-3-xylidide through 6-chloro-o-3- 
xylidine (Hinkel, Collins, and Ayling, J., 1923, 123, 2972; compare this vol., p. 284), by 
replacement of the amino-group of the latter by chlorine. It was not identical with the 
previously suggested 3 : 6-dichloro-o-xylene. On dinitration and subsequent reduction it 
yielded an o-diamine (phenanthraquinone test) and on chlorination it furnished the antici- 
pated 3:4:5:6-tetrachloro-o-xylene. Its mononitro-derivative was identical with 
3 : 6-dichloro-4-nitro-o-xylene prepared from 6-chloro-4-nitro-o-3-xylidine (this vol., p. 285). 
The third dichloro-derivative, m. p. 68°, obtained by Hinkel, Ayling, and Bevan (loc. cit.) 
is therefore not the 3 : 6-isomeride, but may be a chloroxylyl chloride (although two of its 
derivatives, viz., amino- and hydroxy-, do not react with alcoholic silver nitrate) and it and 
its derivatives previously described (J., 1928, 1878, 2533) must, for the time being, be 
regarded as xylene derivatives of unknown constitution. 

The syntheses of 4: 5- and 3: 4-dichloro-o-xylene were accomplished with aceto-o- 
4-xylidide, which on monochlorination yields the 5- and the 3-chloro-derivative (compare 
this vol., p. 283), the corresponding amines giving the respective dichloro-o-xylenes when 
submitted to the diazo-reaction. Both 4: 5-dichloro-o-xylene and its 3-nitro-derivative, 
m. p. 117°, were identical with the compounds regarded as having these constitutions by 
Hinkel, Ayling, and Bevan (loc. cit.). Similarly, the chloro-compound obtained from 
4-chloro-o-3-xylidine yielded, on dinitration, a compound identical with the previously 
described 3 : 4-dichloro-5 : 6-dinitro-o-xylene (tbid.) and the correctness of the orientations 
assigned to these two dichloro-o-xylenes is therefore fully confirmed. 

Claus and Groneweg (/. pr. Chem., 1891, 48, 352), by the bromination of an impure 
4 : 5-dichloro-o-xylene obtained by Claus and Kautz (Ber., 1885, 18, 1367 ; compare Villiger, 
ibid., 1909, 42, 3529), obtained 4 : 5-dichloro-3-bromo-o-xylene, m. p. 90°. This compound 
has now been synthesised from 4 : 5-dichloro-o-3-xylidine by the diazo-reaction, its much 
higher m. p. (111°) indicating that Claus and Groneweg did not obtain it in a pure state. 
Similarly, the 4 : 5-dichloro-3 : 6-dinitro-o-xylene and the corresponding diamine prepared 
from 4 : 5-dichloro-o-xylene by Hinkel, Ayling, and Bevan have higher melting points than 
the compounds prepared by Claus, Raps, Herfeldt, and Berkefeld (J. pr. Chem., 1891, 43, 
563) from the impure 4 : 5-dichloro-o-xylene of Claus and Kautz. 

The only dichloro-o-xylenes formed in the chlorination of o-xylene are thus the 3 : 4- and 
the 4 : 5-derivative and it appeared probable that they must be formed through the 3- and 
the 4-chloro-o-xylene respectively. The latter two compounds are both formed by the 
action of chlorine on o-xylene, but can only be separated by indirect methods (Kruger, 
Ber., 1885, 18, 1755; Claus and Baeyer, Annalen, 1893, 274, 304), and have now been 
prepared from the corresponding o-xylidines. 

Chlorination of 3- and 4-chloro-o-xylene yielded only 3 : 4- and 4 : 5-dichloro-o-xylene 
respectively in accordance with the above view. 


. EXPERIMENTAL. 

3 : 6-Dichloro-o-xylene.—6-Chloro-o-3-xylidine hydrochloride (Hinkel, Collins, and Ayling, 
loc. cit.; cf. this vol., p. 284) was dissolved in boiling 4N-hydrochloric acid and the suspension 
obtained on cooling was diazotised at 10°. Treatment with cuprous chloride, followed by 
distillation in steam, yielded a pale yellow, low-melting solid, which was extracted with ether, 
and the ethereal solution washed with sodium hydroxide and water and dried.* Evaporation 

* This procedure was used in the following diazotisations and Sandmeyer reactions for which details 
are not recorded. 
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of the ether yielded 3 : 6-dichloro-o-xylene (yield, 70%), which crystallised from well-cooled 
methyl alcohol in white iridescent crystals, m. p. 29°, b. p. 234°/760 mm. (Found: Cl, 40-85. 
C,H,Cl, requires Cl, 40-6%). Its chlorination as described by Hinkel (J., 1920, 117, 1300) gave 
a quantitative yield of 3 : 4 : 5 : 6-tetrachloro-o-xylene, m. p. and mixed m. p. 226°. 

3 : 6-Dichloro-4-nitro-o-xylene.—3 : 6-Dichloro-o-xylene was nitrated under the conditions 
described by Hinkel, Ayling, and Bevan (loc. cit., p. 1876); the solid obtained crystallised from 
methyl alcohol in small white needles, m. p. 84°, unchanged by admixture with 3 : 6-dichloro-4- 
nitvo-o-xylene prepared as described below (Found : Cl, 32-7. C,H,O,NCI, requires Cl, 32-3%). 

3 : 6-Dichloro-o-4-xylidine.—A mixture of 3 : 6-dichloro-4-nitro-o-xylene (3 g.), iron filings 
(10 g.), and 5% acetic acid (100 c.c.) was heated under reflux on a steam-bath for 4 hours and 
then basified. The solid product (2-5 g.; 96%) isolated by steam-distillation crystallised from 
aqueous alcohol in clusters of long silky needles, m. p. 54° (Found: Cl, 37-35. C,H,NCI, 
requires Cl, 37-3%). The acetyl derivative crystallised from aqueous alcohol in long needles, 
m. p. 146° (Found : Cl, 30-8. C,,.H,,ONCI, requires Cl, 30-6%). 

3 : 6-Dichloro-4 : 5-dinitro-o-xylene, prepared from 3: 6-dichloro-o-xylene by the method 
described by Hinkel, Ayling, and Bevan (loc. cit., p. 1876), crystallised from alcohol in prismatic 
needles, m. p. 174° (Found : Cl, 27-0. C,H,O,N,Cl, requires Cl, 26-8%). 

3 : 6-Dichloro-4 : 5-diamino-o-xylene.—3 : 6-Dichloro-4 : 5-dinitro-o-xylene was reduced in 
alcoholic solution by means of sodium hydrosulphite. The solid obtained after removal of the 
alcohol under reduced pressure crystallised from alcohol in small hair-like crystals, m. p. 176° 
(Found: Cl, 34-7. C,sH, )N,Cl, requires Cl, 34-6%). The diamine and phenanthraquinone in 
acetic acid gave a yellow precipitate of the phenazine derivative, which crystallised from acetic 
acid in small fine needles, m. p. above 250° (Found : Cl, 18-7. C,,H,,N,Cl, requires Cl, 18-8%). 

3 : 6-Dichloro-4 : 5-dibromo-o-xylene.—3 : 6-Dichloro-o-xylene was brominated according to 
the method of Crossley (J., 1904, 85, 284); the product crystallised from alcohol in slender 
needles, m. p. 238° (Found : Cl, 21-8; Br, 48-1. C,H,Cl,Br, requires Cl, 21-3; Br, 48-05%). 

Conversion of 6-Chloro-4-nitro-0-3-xylidine into 3 : 6-Dichloro-4-nitro-o-xylene.—6-Chloro-4- 
nitro-o-3-xylidine (this vol., p. 285) (2 g.) was dissolved in warm hydrochloric acid (20 c.c.) and 
water (10 c.c.), diazotised at 8°, and added to cuprous chloride solution (20 c.c.). The resulting 
solid (2-0 g.; 90%) crystallised from methyl alcohol in small fine needles, m. p. 84°, unchanged 
by admixture with the above 3 : 6-dichloro-4-nitro-o-xylene (Found : Cl, 32-1%). 

4 : 5-Dichloro-o-xylene.—A solution of 5-chloro-o-4-xylidine (this vol., p. 286) (1 g.) in warm 
hydrochloric acid (4 c.c.) and water (3 c.c.) was cooled, diazotised at — 10°, treated with cuprous 
chloride, and the mixture distilled in steam. The resulting white solid (0-8 g.; 71%) crystallised 
from methyl alcohol in long transparent needles, m. p. 76°, unchanged by admixture with 4 : 5- 
dichloro-o-xylene (Hinkel, Ayling, and Bevan, Joc. cit.). 

4 : 5-Dichloro-3-bromo-o-xylene.—4 : 5-Dichloro-o-3-xylidine (1 g.) was dissolved in warm 
concentrated hydrobromic acid (5 c.c.) and water (3 c.c.) and diazotised at — 5°, and the solu- 
tion poured into cuprous bromide (1 g.) in concentrated hydrobromic acid (10 c.c.) and distilled. 
in steam. The white solid obtained (1 g.; 80%) crystallised from alcohol in slender needles, 
m,. p. 111° (Found : Cl, 27-75; Br, 31-3. Calc.: Cl, 27-95; Br, 31-5%). 

4 : 5-Dichloro-3 : 6-dibromo-o-xylene.—4 : 5-Dichloro-o-xylene was brominated according to 
the method of Crossley (loc. cit.). The 4: 5-dichloro-3 : 6-dibromo-o-xylene obtained crystallised 
from alcohol in long needles, m. p. 232° (Found: Cl, 21-7; Br, 40-2. C,H,Cl,Br, requires Cl, 
21-3; Br, 40-05%). 

3 : 4-Dichloro-o-xylene.—From 3-chloro-o-4-xylidine (this vol., p. 286) (2 g.), in warm 
hydrochloric acid (6 c.c.) and water (3 c.c.), and diazotised at 0° by the normal procedure, 
3 : 4-dichloro-o-xylene was obtained as a colourless oil (1-5 g.; 68%), which was immediately 
converted into 3 : 4-dichloro-5 : 6-dinitro-o-xylene by the method of Hinkel, Ayling, and Bevan 
(loc. cit., p. 1876). The resulting solid crystallised from alcohol in needles, m. p. 172°, unchanged 
by admixture with an authentic specimen. 

3-Chloro-o-xylene.—o-3-Xylidine (10 g., obtained by hydrolysis of pure aceto-o-3-xylidide), 
in warm concentrated hydrochloric acid (30 c.c.) and water (10 c.c.) and diazotised at — 10°, 
gave by the normal procedure 3-chloro-o-xylene as a colourless refractive liquid, b. p. 191°/765 
mm., which did not solidify at — 20° [Kruger, Joc. cit., records b. p. 189-5° (corr.)]. 

4-Chloro-o-xylene, prepared from o-4-xylidine in a similar manner, was a colourless refractive 
liquid, b. p. 194°/755 mm., f. p. — 6-25° [Kruger, Joc. cit., records b. p. 191-5° (corr.), liquid at 
— 20°; Claus and Groneweg, /oc. cit., record b. p. 195°]. 

Chlorination of 3- and 4-Chloro-o-xylene.—Chlorine was passed into 3-chloro-o-xylene at 
— 10° in presence of iron filings until the gain in weight corresponded to the substitution of one 
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chlorine atom. After being washed with water and boiled under reflux with 10% sodium 
hydroxide solution for 1 hour to decompose xylyl derivatives, the liquid was dried and fraction- 
ally distilled; it was thereby separated into (i) 3: 4-dichloro-o-xylene, b. p. 234°, m. p. 8—9° 
(compare Hinkel, Ayling, and Bevan, Joc. cit.), which yielded, on nitration, 3 : 4-dichloro-5 : 6- 
dinitro-o-xylene (compare p. 1946), and (ii) a small amount of unchanged 3-chloro-o-xylene ; 
no indication was obtained of the presence of 4 : 5-dichloro-o-xylene. 

Similar treatment of 4-chloro-o-xylene yielded 4 : 5-dichloro-o-xylene, m. p. 76°, b. p. 240° 
(compare Hinkel, Ayling, and Bevan, /oc. cit.), and a small amount of unchanged 4-chloro-o- 
xylene, no indication being obtained of the presence of 3 : 4-dichloro-o-xylene. 

Nitration of 4-Chloro-o-xylene (compare Claus and Groneweg, “oc. cit.).—4-Chloro-o-xylene 
(1 vol.) was added gradually to well-cooled nitric acid (d 1-5; 2—3 vols.), and the mixture warmed 
for 30 minutes on a water-bath and then poured into water. The yellow oil produced was 
extracted in ether, washed with sodium hydroxide solution and water, dried, and distilled. The 
distillate slowly deposited a pale yellow solid, which crystallised from alcohol in flat sheaves, 
m. p. 111°, and was probably a dinitro-4-chloro-o-xylene. Distillation of the residual liquid in 
steam yielded 4-chloro-5-nitro-o-xylene, m. p. 63°, unchanged by admixture with an authentic 
specimen (this vol., p. 287) (Claus and Groneweg, loc. cit., record m. p. 73° for the compound, 
obtained, as the sole product, by nitration of 4-chloro-o-xylene, as described above, which they 
considered to be 4-chloro-5-nitro-o-xylene). 


The authors’ thanks are due to the Chemical Society and to Imperial Chemical Industries, 
Ltd., for grants. 
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427. The Isotopic Ratio in Hydrogen: A General Survey by Precise 
Density Comparisons wpon Water from Various Sources. Part II. 


By H. J. EMettus, F. W. JAmes, A. Kinc, T. G. PEARSON, R. H. PURCELL, 
and H. V. A. BRISCOE. 


THE methods described in an earlier paper (this vol., p. 1207; regarded as Part I) have 
been applied to a number of new samples and the results of the further survey are now 
given. 

Through the courtesy of Mr. Rymill, Organising Secretary of the British Grahamsland 
Expedition, we have been able to examine two specimens of water from the polar regions 
which were kindly collected for us in the early spring of 1934 by the captain of a sealer in 
the Greenland Sea: one, A, was collected in lat. N. 73° 35’ and long. W. 6° 54’, a point 
about 140 miles N.N.E. of Jan Mayen Land, with air temperature — 8°5° and sea tempera- 
ture — 1°7°; and the other, B, in lat. N. 78° 13’ and long. E. 10° 30’, a point about 35 miles 
off the west coast of Spitzbergen, with air temperature — 1° and sea temperature + 2°5°. 

The results of our determinations are as follows :— 


Ts. Tuo- (Ts _- Tu,0) x 10°. Ayd. 

Polar water, A 20°344° 20°349° 

9 20°350 20°356 +1°36 
” ” 20°344 20°351 
Polar water, B 20°344 20°365 4-2 

‘ 20-344 20-362 + 

There seems to be no reason to doubt the reality of these observed differences from the 
standard, and, if true, they are certainly interesting as affording the first example of a 
natural water occurring in bulk which has not been subject to abnormal evaporation and 
yet is substantially heavy. It will be observed that the more northerly water is much 
the heavier. 

Another very interesting sample of natural water was kindly procured for us by Sir 
John Cadman on the suggestion of Mr. H. T. Tizard. It is described as “‘ a deep-seated 
water from the Asmari Limestone, in the Lower Miocene strata of the Persian oilfields,” 


and gave: 





The Isotopic Ratio in Hydrogen. Part II. 


Tg. Two. (Ts - Tx,0) x 10%. Ayd. 
20°344° 20°352° + 8° 419 
20°344 20°354 +10 
Here again is a natural water which is distinctly heavy, though in this case evaporation 
may be the cause. 

The only industrial sample included in this series was water obtained by burning per- 
manent gas driven off from the charcoal absorbers of the Beckton benzole plant of the Gas 
Light & Coke Co., for which we are indebted to Mr. H. Hollings and Mr. R. H. Griffith of 
that company. This, after the usual purification, had a flotation temperature Ty,5 = 
20°366°, differing from that of the standard by + 22 x 108, whence Ayd = + 4°6. Here, 
evidently, is another example of preferential adsorption of hydrocarbons containing heavy 
hydrogen. 

The heaviness of the water of ox blood recorded in Part I seemed so remarkable that we 
have examined further samples as a check upon our results. Three new samples were 
obtained, on three different days, from the slaughter house of the Metropolitan Cattle 
Market. In two cases the whole blood was treated to obtain pure water, as in the earlier 
determinations. In the third case, the clear plasma was first separated centrifugally and 


/ 


we 





then purified by the standard method. The results, given below, entirely confirm the earlier 
values. Alongside them are placed the values now obtained for samples of mixed ox bile 


obtained from the same source. 


To- (Ts _ Tx,0) x 103, Ayd ° 
20°354° +10° +2°10 
20°356 +12 +2°52 
20°355 +11 +2°31 


20:351 +7 
20°351 + 4 +147 


The remaining results of this series, which are tabulated below, relate to sugar and to 
the process of fermentation. The curiously high value previously recorded for water pro- 
duced by combustion of cane sugar is confirmed by the figure now obtained for a fresh sample 
of sucrose from Trinidad. Beet molasses also gives water heavier than the normal, but 
the difference from the standard in this case is only about half that for cane sugar. 

Through the courtesy of the Research Department of the Distillers Company Ltd., we 
have been able to examine the products of alcoholic fermentation in two distinct cases. 
In a laboratory fermentation conducted for us by Dr. H. B. Hutchinson, a pure beet 
molasses (“‘ Vauxhall ’’) was diluted with water (17 1.), treated with yeast (200 g.), and 
fermented at about 30°, an air current being blown through the fermenting liquid. At the 
end of the fermentation there were about 21 1. of liquid containing 1066 g. of yeast with a 
content of 27% of dry matter. The second fermentation was a large-scale operation using 





1950 Haworth and Sheldrick : 


mixed molasses and conducted in the ordinary way in a distillery, from which we had 
samples of the molasses, the spent wash left after fermentation and distillation, the alcohol, 
and the fusel oil. The molasses samples were burnt in the same manner as the sucrose. 
Alcohol and fusel oil were each burnt on an asbestos wick carried in a copper tube and 
fed from a reservoir as shown at A in the fig. The products of combustion were drawn 
through a long air-cooled glass tube, B, of which the top surrounded the flame, and the 
bulk of the water was condensed in the flask C, the remainder being caught by the water- 


cooled surface condenser D. c 
Ts. Tyr,o- (Ts a Tx,0) x 10°. Ayd. 
. Cane sugar (Trinidad) ...............00. 20°344° 20°380° +36° +7°56 
Laboratory fermentation. 
‘* Vauxhall’’ beet molasses ......... 20°350 20°364 +14 42°94 
20°344 20°358 +14 
Yeast from the above ............... 20°344 20°355 +11) 42-10 
20°344 20°353 + 9/J 
Spent wash from ditto ............... 20°344 20°347 + 3 +0°63 
Large-scale fermentation. 
PE IID disceduinddcccvnncveseces 20°344 20°369 +25 +5°25 
NIN da cocci vienomiecsindeesidiennd 20°344 20-352 +8 ies 
- 20°344 20-351 +7 +158 
i  cisdintntekitcintioaniinneites 20°344 20-359 +15 43°15 
20°344 20-359 +15 - 
DOE eniviccocdocnetenciasenccccsnien 20°344 20°363 +19 + 40 


It is evident from these data that a substantial part of the heavy hydrogen present in 
the sucrose is found subsequently in the spent wash, although, from the circumstances of 
its production, this probably gains some heavy water from the steam used in the distilla- 
tion. The air used for the combustion of sugar, alcohol, and fusel oil naturally contained 
some water vapour, and this evidently may affect the observed values for the hydrogen 
burnt. Since, however, it has been found that the water present as vapour in air is 
lighter than the standard, its presence does not affect the general conclusion that the 
hydrogen of sugar, molasses, alcohol, and fusel oil is relatively heavy. Perhaps the 
most significant observation is that the isotopic ratio in the hydrogen of the fusel oil is 
comparable with that in the original sucrose, while that in the hydrogen of the alcohol or 
of the resulting yeast is distinctly less. 

Although in many cases the reasons for the observed differences in density are obscure, 
it appears fairly certain that they are real, and it is hoped that their further study will 
throw new light on the processes giving rise to them. 
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428, Synthesis of Alkylphenanthrenes. Part VIII. Attempted Synthesis 
of 4: 5-Dimethylphenanthrene. 


By Rosert D. HAworTH and GEORGE SHELDRICK. 


AN attempt to synthesise 4: 5-dimethylphenanthrene has led to an abnormal but not 
unexpected result. §-(8-Methyl-2-naphthoyl)propionic acid (I), prepared by a tedious 
method described in the experimental section, was reduced by Clemmensen’s method, and 
the product cyclised. Theoretically, either the ketotetrahydroanthracene (II) or the keto- 
tetrahydrophenanthrene (III) could be produced by this reaction. Although Schroeter 
(Ber., 1921, 54, 2243) and Krollpfeiffer and Schafer (ibid., 1923, 56, 628) obtained 1-keto- 
octahydroanthracene from y-(2-tetralyl)butyric acid, the cyclisations carried out in 
previous parts of this series have led, without exception, to ketotetrahydrophenanthrenes. 
In the present case, cyclisation was effected with difficulty : no neutral product was obtained 
with sulphuric acid or stannic chloride as condensing agent, and the best result was a 15% 
yield, obtained by the action of aluminium chloride on the chloride of the Clemmensen 
reduction product of (I). The oily product, probably impure 1-heto-5-methyl-1 : 2:3: 4- 
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tetrahydroanthracene (II), was condensed with methylmagnesium iodide, and the product 
dehydrated and dehydrogenated. 1 : 5-Dimethylanthracene was obtained as a pale yellow, 
crystalline compound, and the structure was supported by converting the hydrocarbon into 
a scarlet picrate, and into a pale yellow quinone, which did not react with o-phenylene- 
diamine. 


M ~*~ 
e Me CH 
CHeCHeC ANG OC CH, 
CO-CH,°CH,*CO,H CH, M 
mm aus: * 
2 
O 
(I.) , (I1.) (IIT.) 


The formation of (II) by the cyclisation can be explained on steric grounds. A diagram 
drawn to scale shows the inhibiting influence of the methyl group on the formation of the 
ketotetrahydrophenanthrene (III): a similar diagram shows that it is impossible to 
introduce two methyl groups in the 4: 5-positions of phenanthrene without introducing 
excessive strain in the molecule. 


EXPERIMENTAL. 


8-p-Methoxybenzoylpropionic acid, m. p. 147—148° (Found: equiv., 210. Calc. for 
C,,H,,0,: equiv., 208), was obtained in almost theoretical yield by the action of aluminium 
chloride on succinic anhydride and anisole in nitrobenzene solution. 

y-p-Methoxyphenylbutyric Acid.—-p-Methoxybenzoylpropionic acid (60 g.), amalgamated 
zinc (300 g.), and concentrated hydrochloric acid (100 c.c.) were heated to boiling, and a further 
quantity (200 c.c.) of concentrated hydrochloric acid was added to the boiling solution during 
44hours. The crude product, isolated with ether, was esterified with methyl-alcoholic hydrogen 
chloride and distilled. The fraction, b. p. 130—145°/0-5 mm., was hydrolysed with methyl- 
alcoholic potassium hydroxide; the acid crystallised from light petroleum (b. p. 60—80°) in 
colourless needles (40 g.), m. p. 63—64° (Found : equiv., 196. Calc. for C,,H,,0,: equiv., 194). 

1-Keto-7-methoxy-1 : 2: 3 : 4-tetrahydronaphthalene.—Pure ‘y-p-methoxyphenylbutyric acid 
(40 g.) and thionyl chloride (40 c.c.) were gently refluxed for 1 hour, and the excess of thionyl 
chloride was removed under diminished pressure. The residue was dissolved in tetrachloro- 
ethane (200 c.c.), cooled to — 5°, and finely powdered aluminium chloride (52 g.) added gradually 
with stirring. After standing for 12 hours at room temperature, the mixture was decomposed 
with ice and hydrochloric acid, the tetrachloroethane removed in steam, and the residue extracted 
with ether. The extract was washed, first with water, then with dilute sodium hydroxide 
solution, dried, the solvent removed, and the residue distilled. The cyclic ketone (30 g.), b. p. 
130—135°/0-5 mm., crystallised from light petroleum (b. p. 60—80°) in colourless plates, 
m. p. 66—67° (Found : C, 74-8; H, 6-9. Calc. for C,,H,,0,: C, 75-0; H, 6-8%). During the 
course of this work Vesely and Stursa (Coll. Czech. Chem. Comm., 1933, 4, 170) described the 
preparation of this cyclic ketone by another method. They also converted it into 7-amino-1- 
methylnaphthalene on a small scale, and the experimental details given below are suitable for 
the preparation of larger quantities of the amine. 

7-Methoxy-1-methylnaphthalene.—A solution of methylmagnesium iodide (prepared from 
magnesium, 4-5 g., and methyl iodide, 27 g., in ether, 100 c.c.) was added to a solution of the 
above cyclic ketone (26 g.) in ether (100 c.c.); after boiling for 14 hours, the mixture was 
decomposed with sulphuric acid, and the product distilled. The distillate (23-4 g.), b. p. 158— 
160°/15 mm., was heated with selenium (24 g.); the temperature was raised from 220° to 275° 
during 5 hours, then raised to 290—295°, where it was maintained for 18 hours. The product, 
isolated with chloroform, boiled at 159—161°/15 mm. and separated from light petroleum (b. p. 
60—80°) in colourless plates (22-5 g.), m. p. 47—48° (Found : C, 83-7; H, 7-1. Calc. forC,,H,,0: 
C, 83-7; H, 70%). 

7-Hydroxy-1-methylnaphthalene.—The above methyl ether (68 g.), hydrobromic acid (120 c.c., 
d 1-5), and glacial acetic acid (200 c.c.) were gently refluxed for 2 hours. The hydrobromic and 
acetic acids were removed under reduced pressure and the residue was dissolved in sodium 
hydroxide solution, filtered from traces of impurity, and the naphtho! recovered. It boiled at 
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178—180°/15 mm. and crystallised from aqueous acetic acid in colourless needles (61 g.), m. p. 
70—71° (Found : C, 83-2; H, 6-4. Calc. forC,,H,,0: C, 83-5; H, 63%). 

7-Amino-1-methylnaphthalene.—The above naphthol (80 g.), ammonium sulphite (150 g.), 
concentrated aqueous ammonia (150 c.c.), and water (30 c.c.) were stirred in an autoclave at 
160—170° for 8hours. The product was extracted with benzene, washed with sodium hydroxide 
solution, and distilled. The fraction, b. p. 180—185°/15 mm., crystallised from methyl] alcohol 
in colourless needles (60 g.), m. p. 85—86° (Found: N, 9-0. Calc. for C,,H,,;N: N, 8-9%). 

7-Cyano-1-methylnaphthalene—A hot solution of 7-amino-l-methylnaphthalene (5 g.) in 
concentrated hydrochloric acid (7-5 c.c.) and water (20 c.c.) was cooled to — 10° (the hydro- 
chloride separated) and diazotised with sodium nitrite (3-5 g.) in water (20.c.c.). The ice-cold 
diazo-solution was introduced into a warm solution of copper sulphate crystals (11-5 g.) and 
potassium cyanide (15 g.) in water (100. c.c.). The nitrile was distilled in steam, isolated with 
ether, and crystallised from light petroleum (b. p. 60—80°); colourless needles (1 g.), m. p. 
71—72°, were obtained (Found: N, 8-6. C,,H,N requires N, 8-4%). 

8-Methyl-2-naphthyl Methyl Ketone.—A solution of methylmagnesium iodide (from mag- 
nesium, 0-7 g., and methyl iodide, 4-3 g.) in ether (20 c.c.) was added to a solution of the above 
nitrile (3-3 g.) in toluene (30 c.c.). The ether was removed and the residual toluene suspension 
was gently refluxed for 14 hours. Dilute sulphuric acid was added, and the toluene removed in 
steam; the product, isolated with ether, was a yellow oil (3 g.), b. p. 175—180°/15 mm., which 
slowly solidified. 8-Methyl-2-naphthyl bromomethyl ketone, obtained in 80% yield by the action 
of bromine on a chloroform solution of the above ketone, crystallised from benzene-—light 
petroleum (b. p. 60—80°) in colourless prisms, m. p. 99—100° (Found: Br, 30-2. C,,;H,,OBr 
requires Br, 30-4%). 

8-(8-Methyl-2-naphthoyl) propionic Acid (I).—The above bromo-derivative (8-3 g.) in benzene 
(30 c.c.) was gradually added to a suspension of ethyl sodiomalonate (prepared from sodium, 
1-5 g., and ethyl malonate, 11 g.) in benzene (50 c.c.). After boiling for 12 hours, the mixture 
was diluted with water, the benzene layer separated, and the solvent removed. The residue was 
hydrolysed with methyl-alcoholic potassium hydroxide, and the malonic acid derivative was 
decarboxylated by heating at 180° for 3hours. The product was esterified with methyl-alcoholic 
hydrogen chloride; the methyl ester of (I), b. p. 185—190°/0-5 mm., crystallised from methyl 
alcohol in colourless prisms, m. p. 87—88° (Found: C, 74-9; H, 6-4. C,.H,,0, requires C, 
75-0; H, 6-2%). Hydrolysis with methyl-alcoholic potassium hydroxide yielded the acid (I), 
which crystallised from benzene in colourless prisms, m. p. 113—115° (Found: equiv., 244. 
C,,H,,O; requires equiv., 242). 

y-(8-Methyl-2-naphthyl)butyric acid, prepared by reduction of the above keto-acid (I) 
with amalgamated zinc and hydrochloric acid, was an oil. The methyl ester, was obtained as an 
oil, b. p. 170—175°/0-3 mm. (Found : C, 79-0; H, 7-2. C,gH,,O, requires C, 79-3; H, 7-4%). 

1-Keto-5-methyl-1 : 2: 3 : 4-tetrahydroanthracene (I1).—The butyric acid derivative (2-7 g.; 
obtained by hydrolysis of the above methyl ester) and thionyl chloride (2 c.c.) were heated for 
2 hours, the excess of thionyl chloride removed, the residue dissolved in tetrachloroethane 
(20 c.c.), and aluminium chloride (3 g.) gradually introduced. After 12 hours, dilute hydro- 
chloric acid was added, the tetrachloroethane removed in steam, and the residue extracted with 
ether. The extract was washed with dilute sodium hydroxide solution, the solvent removed, 
and the residue distilled. The fraction (0-4 g.), b. p. 180—-190°/0-5 mm., was a slightly turbid, 
pale yellow oil, which did not crystallise and good analytical figures were not obtained (Found : 
C, 84:8; H, 6-5. C,;H,,O requires C, 85-7; H, 6-7%). 

1 : 5-Dimethylanthracene.—The ketotetrahydroanthracene (0-3 g.) was treated with methy]l- 
magnesium iodide (1 mol.) in ethereal solution. The mixture was decomposed with dilute 
sulphuric acid, and the product, after dehydration by heating with 98% formic acid (1 c.c.) for 
1 hour, was heated with selenium (0-5 g.) at 280—300° for 24 hours. The product, isolated with 
chloroform, was distilled at 0-5 mm.; the distillate solidified and after three crystallisations 
from alcohol, 1 : 5-dimethylanthracene was obtained in pale yellow plates, m. p. 139—140° 
(Found : C, 93-2; H, 6-9. C,,H,, requires C, 93-2; H, 68%). The picrate crystallised from 
alcohol in scarlet needles, m. p. 166—167° (Found: C, 60-6; H, 4-0. C,,H,,O,N, requires 
C, 60-7; H, 3-9%), and the quinone crystallised from acetic acid in very pale yellow, slender 
needles, m. p. 190° (Found : C, 81-1; H, 5-0. C,,H,,O, requires C, 81-4; H, 5-1%). 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, October 2nd, 1934.] 
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429. Altempis to Synthesise 5 : 6-Dihydroxyflavone (Primetin). 
By WILtson BAKER. 


THE author has carried out experiments with the object of preparing derivatives of vicinal 
tetrahydroxybenzene (J., 1931, 2542; 1932, 2876; this vol., p. 1681), and the synthesis of 
5 : 6-dihydroxyflavone (I) (primetin; Hattori and Nagai, J. Chem. Soc. Japan, 1930, 51, 
162) provides a closely allied problem, since the substance is a derivative of 2 : 3: 6-tri- 
hydroxyacetophenone. It was hoped to achieve the synthesis of primetin by introducing 
a hydroxyl group into the appropriate position in either 5- or 6-hydroxyflavone. These 
experiments were in progress when Sugasawa recorded the synthesis of 5-hydroxyflavone 
(Proc. Imp. Acad. Tokyo, 1934, 10, 338), though without full experimental details, and in 
view of this publication the work already done is now described. No account is given of 
the preparation of 5-hydroxyflavone, since the author’s method was apparently the same as 
that described by Sugasawa, and the properties of the substance and its acetyl derivative 
agreed completely with Sugasawa’s descriptions. 
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2 : 6-Dihydroxyacetophenone (simplified preparation yielding the substance in 31% 
yield from resorcinol) was converted into 5-hydroxyflavone by fusion with benzoic anhydride 
and sodium benzoate, followed by hydrolysis (yield, 17%), and thence into 5-acetoxyflavone. 
The latter compound yields 5-hydroxy-6-acetylflavone (II) when treated with aluminium 
chloride in nitrobenzene, the position of the acetyl group being inferred from the extremely 
weakly phenolic function of the hydroxyl group, which precludes the assumption of a 
migration of the acetyl group into position 8. (II) was also obtained (in very small yield) 
from 2 : 4-diacetylresorcinol dibenzoate (III) by boiling with alcohol and potassium acetate 
(cf. Chavan and Robinson, J., 1933, 368). It was hoped that oxidation of (II) by alkaline 
hydrogen peroxide would lead directly to primetin, since it has been shown (Baker, Jukes, 
and Subrahmanyam, this vol., p. 1681) that the Dakin reaction is of general application to 
hydroxyacetophenones. This expectation, however, was not fulfilled, apparently owing to 
the abnormally feeble phenolic nature of the 5-hydroxyl group, the substance being un- 
attacked even by hydrogen peroxide in hot alcoholic solution in presence of sodium ethoxide, 
or by benzoyl peroxide when in the form of its sodium derivative suspended in hot benzene. 

The yield of 5-hydroxyflavone obtained by the fusion method from 2 : 6-dihydroxyaceto- 
phenone was unsatisfactory, and an alternative route to the compound was sought in the 
molecular rearrangement of 2 : 6-dibenzoyloxyacetophenone in toluene in presence of 
potassium carbonate (Baker, J., 1933, 1381). The reaction yielded directly 5-hydroxy-3- 
benzoylflavone (IV) (previously prepared in a different manner by Sugasawa) but in poor 
yield, and although (IV) may be hydrolysed to 5-hydroxyflavone (conveniently by means 
of aluminium chloride in nitrobenzene; cf. Baker, this vol., p. 73), the method is inferior 
to the first. Both benzoyl groups must migrate during the reaction to the w-carbon atom, 
whilst in the case of the isomeric 2 : 4-dibenzoyloxyacetophenone only the benzoyl group 
in the ortho-position migrates (Baker, J., 1933, 1381). 

Attempts were made to obtain 6-hydroxy-5-acetylflavone, which should be capable of 
oxidation to primetin by the Dakin reaction, by molecular rearrangement of 6-acetoxy- 
flavone (Chadha and Venkataraman, J., 1933, 1075). The action of aluminium chloride, 
either alone or in nitrobenzene, resulted in removal of the acetyl group, a similar behaviour 
being exhibited by 5-O-acetylquinacetophenone. 

Further experiments on the synthesis of primetin along other lines are in progress in this 
laboratory. 
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EXPERIMENTAL. 


2 : 6-Dihydroxyacetophenone.—Resorcinol (220 g.) was converted inte 7-hydroxy-4-methyl- 
coumarin (230 g.) by the method of Pechmann and Duisberg (Ber., 1883, 16, 2122), and thence 
by boiling with twice its weight of acetic anhydride for 1 hour into the acetyl derivative (250 g.). 
The dry acetyl derivative (40 g.) and powdered aluminium chloride (90 g.) were placed in an oil- 
bath at 120° and the temperature was raised to 170° during 14 hours. After the product had 
been heated with dilute hydrochloric acid, the crystalline 7-hydroxy-8-acetyl-4-methylcoumarin 
was collected, washed, and heated on the water-bath for 4 hours with a solution of sodium 
hydroxide (40 g.) in water (200 c.c.) in an atmosphere of coal gas. The solution was cooled and 
acidified, and the precipitated 2: 6-dihydroxyacetophenone crystallised from water (1} 1; 
charcoal). The total yield from the 250 g. of the acetyl derivative was 95 g. of pale yellow, sandy 
crystals, m. p. 156—157° (cf. Limaye, Ber., 1932, 65, 375; Sugasawa, loc. cit.). The dibenzoyl 
derivative, obtained by heating 2 : 6-dihydroxyacetophenone (3 g.), pyridine (6 c.c.), and benzoyl 
chloride (5-6 g.) for 15 minutes on the steam-bath and subsequent treatment with dilute hydro- 
chloric acid, separated from alcohol in blunt-ended prisms, m. p. 105° (Found: C, 73-2; H, 4:5. 
C,.H,,0, requires C, 73-3; H, 44%). 

5-H ydroxy-3-benzoylflavone (IV).—2 : 6-Dibenzoyloxyacetophenone (5 g.) in toluene (50 c.c.) 
was stirred with anhydrous potassium carbonate on the steam-bath for 6 hours. The solids 
were collected, washed with benzene, dried, stirred into water, again collected, and dried. The 
product was then extracted with boiling benzene and precipitated therefrom in the crystalline 
condition (1 g.) by the addition of light petroleum. It separated from alcohol in fine, pale 
yellow prisms, or from a small quantity of benzene in hexagonal plates, m. p. 177° (Found : C, 
77-5; H, 4:5. Calc. for C,,H,,0O,: C, 77-2; H, 41%). Sugasawa (loc. cit.) describes the 
substance as yellow prisms, m. p. 173—174°. Its alcoholic solution gives a deep purplish-brown 
colour with ferric chloride. 

2 : 4-Diacetylresorcinol Dibenzoate (III).—2 : 4-Diacetylresorcinol (2 g.; Baker, this vol., 
p. 1684) in pyridine (5 c.c.) was heated with benzoyl chloride (2-9 g.) on the steam-bath for 15 
minutes. The product, isolated in the usual way, separated from methyl alcohol in colourless 
prisms, m. p. 123° (Found: C, 71-8; H, 4-6. C,,H,,0, requires C, 71-6; H, 45%). 

5-Hydroxy-6-acetylflavone (II).—(A) 5-Acetoxyflavone (0-4 g.), aluminium chloride (0-8 g.), 
and a few drops of nitrobenzene were heated for 5 minutes at 140°. After treatment with dilute 
hydrochloric acid and removal of the nitrobenzene in steam, the remaining solid was crystallised 
twice from alcohol (charcoal). It formed pale yellow, prismatic needles, m. p. 201° (Found : 
C, 72-7; H, 44. C,,H,,0O, requires C, 72-9; H, 43%). (B) 2: 4-Diacetylresorcinol di- 
benzoate (1 g.) was boiled with alcohol (25 c.c.) and potassium acetate (5 g.) for 20 hours, and the 
mixture diluted and made alkaline with sodium hydroxide. The yellow product was 
crystallised from alcohol, giving 5-hydroxy-6-acetylflavone (26 mg.), which was directly 
compared (mixed m. p.) with that prepared under (A). The substance gives a brownish-red 
colour with alcoholic ferric chloride and is insoluble in hot dilute aqueous sodium hydroxide. 
The sodium derivative is obtained as a yellow powder by the addition of an alcoholic solution of 
sodium ethoxide to its hot solution in alcohol. 

5-O-A cetylquinacetophenone.—Powdered quinacetophenone (5 g.), anhydrous sodium acetate 
(5 g.), and acetic anhydride (15 c.c.) were stirred for 10 minutes, finally at 50°. After the 
addition of water the product was collected and crystallised from alcohol; it formed small 
prisms, m. p. 91° (cf. Klinger and Kolvenbach, Ber., 1898, 31, 1216). 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, October 6th, 1934.] 





430. The Nitration of Alkyl Benzenes. Part III. The Orientation of 
Dinitro-p-tert.-butylioluene. 


By O. L. Brapy and J. K. LAHIRI. 


A CONVENIENT starting point for the preparation of pure 2- and 3-nitro-p-¢ert.-butyltoluenes 
is the dinitro-p-tert.-butyltoluene described first by Bialobrzeski (Ber., 1897, 30, 1773) and 
later by Verley (Bull. Soc. chim., 1898, 19, 68) and by Auwers (Ber., 1916, 49, 2403). The 
constitution of this compound has, however, not been clearly established. Verley without 
experimental evidence regarded it as the 2 :5-dinitro-derivative. The view outlined in Part I 
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(this vol., p. 116) made it more likely that substitution would take place in the two ortho- 
positions with respect to the methyl group, although Senkowski (Ber., 1890, 28, 2414) 
obtained some ortho-substitution in the nitration of ¢ert.-butylbenzene (compare Shoesmith 
and Mackie, J., 1928, 2334). Malherbe’s failure (Ber., 1919, 52, 319) to detect ortho- 
substitution in this reaction was due to his relying on the absence of o-nitrobenzoic acid in 
the oxidation products he obtained, although Senkowski had pointed out that his o-nitro- 
tert.-butylbenzene could not be oxidised to this compound : the danger of such assumptions 
has been emphasised in Part I. Battegay and Haeffely (Bull. Soc. chim., 1924, 35, 981) 
have shown that the main product of the mononitration of p-tert.-butyltoluene has the 
nitro-group in the ortho-position to the methyl and, from the resemblance of the product 
obtained by the reduction of Bialobrzeski’s dinitro-compound to a m-diamine, conclude 
that this dinitro-compound contains both nitro-groups ortho to the methyl. 

Dinitro-p-tert.-butyltoluene cannot be oxidised to a dinitroterephthalic acid or to a 
dinitro-p-tert.-butylbenzoic acid. The resistance of the methyl group to oxidation suggests 
that it is di-ortho-substituted, and proof of this has been obtained by the following series 
of reactions : 


CMe, CMe, CMe, CMe, 


vo vo, am xo vu —- nol) in. sol) 
Me Me Me HO 
ae (I.) 


(II.) 
CMe, CMe, CMe, CMe, 


vo. en “—? pe eee vo oo, one xof o 
Me 


Me CO,H oc-O 
(III.) (IV.) 


The nitro-aldehyde (II) gives Baeyer and Drewson’s indigo test for o-nitrobenzaldehydes 
(Ber., 1883, 16, 2205) very satisfactorily, showing that the unreduced nitro-group in (I) 
is ortho to the methyl. The dicarboxylic acid (III) yields an anhydride (IV) on heating, 
showing that the reduced nitro-group in (I) is also ortho to the methyl. 


EXPERIMENTAL. 


2 : 6-Dinitro-4-tert.-butyltoluene.—p-tert.-Butyltoluene (15 g.), prepared by Verley’s method 
(loc. cit.), was cooled in ice and salt, and a mixture of nitric acid (30 c.c., d 1-5) and fuming 
sulphuric acid (60 g., 20% SO,) added during 30 minutes. The mixture was heated for 3 hours 
on a water-bath and poured into water; the solid on crystallisation from dilute alcohol gave 12 g. 
of 2: 6-dinitro-4-tert.-butyltoluene, m.p. 96°. Bialobrzeski gives m.p. 94—95°, Verley, 
87—88°, and Auwers, 96°. 

6-Nitro-2-amino-4-tert.-butylioluene.—Aqueous ammonium sulphide (60 g. of 16%) was 
added in small portions during 30 minutes to a solution of the pure dinitro-compound (10 g.) in 
boiling alcohol (100 c.c.), and the mixture heated under reflux for a further 90 minutes and fil- 
tered hot. After keeping overnight, a small quantity of unchanged dinitro-compound (1 g.) 
separated and was removed. The alcohol was evaporated on the water-bath, and the nitro- 
amino-derivative remained as an uncrystallisable oil, which, on treatment with concentrated 
hydrochloric acid, solidified as the hydrochloride; this was dissolved in boiling 2N-hydrochloric 
acid, a small amount of insoluble material remaining. On cooling, 6-nitro-2-amino-4-tert.- 
butyltoluene hydrochloride was obtained as a felted mass of fawn-coloured needles which, if left 
in contact with the mother-liquor for some weeks, changed almost entirely to dense large trans- 
parent brown hexagonal crystals, m. p. 210° (decomp.) (Found: C, 54:1; H, 6-7. C,,H,,0,N,Cl 
requires C, 54-0; H, 69%). Recrystallisation of the hexagonal crystals regenerated the light 
needles, which had the same m. p. (Found: C, 53-4; H, 7-0%). 

The hydrochloride was dissolved in hot water, ammonia added, and the base extracted 
with ether, but on removal of the solvent an uncrystallisable oil was again obtained; this oil 
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was heated for a few minutes with acetic anhydride, cooled, and shaken with 2N-sodium car- 
bonate, and the precipitated solid crystallised from alcohol, 6-mnitro-2-acetamido-4-tert.-buly/- 
toluene being obtained as yellow needles, m. p. 138—139° (Found : C, 62-3; H, 7-2. C,3;H,,0,N, 
requires C, 62-4; H, 7-2%). 

2-Nitro-4-tert.-butyltoluene.—6-Nitro-2-amino-4-/ert.-butyltoluene hydrochloride (15 g.) was 
warmed with concentrated sulphuric acid (30 c.c.) until all hydrogen chloride was evolved; the 
product was cooled and poured into absolute alcohol (200 c.c.). The mixture was heated under 
reflux, dry powdered sodium nitrite (30 g.) added in small portions, a mixture of concentrated 
sulphuric acid (10 c.c.) and absolute alcohol (50 c.c.) poured in, and more sodium nitrite (30 g.) 
added. The pasty mass was heated on the water-bath for 30 minutes, water added (100 c.c.), 
the alcohol distilled off, and the residue distilled in steam for 5 hours. The distillate was ex- 
tracted with ether, and the extract washed with 2N-sodium hydroxide and water. After drying 
and removal of the ether, the residue on distillation under reduced pressure gave a 50% yield of 
2-nitro-4-tert.-butyltoluene as a yellow oil of fruity odour, b. p. 140°/15 mm., d*™ 1-0514, 
54g, 1-52645 (Found : C, 68-0; H, 8-2; N, 7-3. Calc.: C, 68-4; H, 7-8; N, 73%). Battegay 
and Haeffely (loc. cit.) give b. p. 138—139°/13 mm. 

The sodium hydroxide washings obtained above were acidified and extracted with ether. 
After removal of the ether and crystallisation of the residue from dilute alcohol, 6-niiro-2- 
hydroxy-4-tert.-butyltoluene (1 g.) was obtained as yellow leaflets, m. p. 128° (Found: C, 63-1; 
H, 7-2. C,,H,,;0O,N requires C, 63-1; H, 7:2%). 

2-Nitro-4-tert.-butylbenzaldehyde.—A mixture of 2-nitro-4-/ert.-butyltoluene (2 g.), glacial 
acetic acid (16 c.c.), acetic anhydride (20 c.c.), and concentrated sulphuric acid (3 c.c.) at 0° 
was treated with finely powdered chromium trioxide (4 g.) in small portions with thorough shak- 
ing, the temperature being kept below 10°. The solution was poured on ice and after 2 hours 
extracted with ether. The extract was washed with sodium carbonate solution and evapor- 
ated; the aldehyde diacetate remained as an uncrystallisable oil, which was hydrolysed by 
boiling for an hour with concentrated hydrochloric acid. The product was diluted and extracted 
with ether, and on removal of the solvent the aldehyde was obtained as a semi-solid mass. As 
the quantity did not admit of satisfactory purification, it was dissolved in alcohol and divided 
into two portions. One was treated with alcoholic 2: 4-dinitrophenylhydrazine sulphate, 
giving a precipitate of 2-nitro-4-tert.-butylbenzaldehyde-2 : 4-dinitrophenylhydrazone as yellow 
needles, m. p. 228° after crystallisation from alcohol (Found: C, 52-5; H, 4-5. C,,H,;O,N; 
requires C, 52-7; H, 4-4%). The second part was subdivided and warmed with a trace of 
acetone and sodium hydroxide; the characteristic colour changes of the Baeyer-Drewson indigo 
reaction then occurred and a finely divided, dark blue precipitate formed, which mounted the 
sides of the tube and could be seen as an indigo-blue stain by filtering the liquid through hardened 
filter paper and washing away the greenish solution. The test was obtained three or four times. 

2-A mino-4-tert.-butyltoluene.—2-Nitro-4-tert.-butyltoluene (8 g.) was reduced with tin (10 g.) 
and concentrated hydrochloric acid (25 c.c.), sodium hydroxide (25 g. in 50 c.c. of water) added, 
and 2-amino-4-tert.-butyltoluene distilled in steam, extracted in ether, and obtained as a red 
oil, b. p. 121°/20 mm. (Found : C, 79-6; H, 10-2. Calc.: C, 81:0; H, 10-4%). Battegay and 
Haeffely (loc. cit.) give b. p. 128—129°/13 mm. 

6-Nitro-2-cyano-4-tert.-butyltoluene.—6-Nitro-2-amino-4-éert.-butyltoluene hydrochloride 
(5 g.) was warmed with concentrated sulphuric acid (6 c.c.) to convert it into sulphate; the 
mixture was poured into water (50 c.c.) and diazotised between 0° and 5°, and the solution 
almost neutralised with sodium carbonate and added drop by drop to a solution prepared by 
adding warm sodium cyanide (4 g. in 16 c.c. of water) to copper sulphate (4 g. in 20 c.c. of water), 
heating on the water-bath for a few minutes, and cooling to 0°. Nitrogen was evolved with 
considerable frothing, and the reaction was completed by heating for 30 minutes. The mixture 
was extracted with ether, and after being washed with dilute sodium hydroxide solution the 
solvent was removed; the residual oil solidified slowly in a refrigerator and then crystallised 
from light petroleum as yellow-brown crystals of (25% yield) 6-nitro-2-cyano-4-tert.-butylioluene, 
m. p. 83° (Found: C, 65-9; H, 6-5. C,.H,,0,N, requires C, 66-0; H, 6-4%). 

6-Nitro-2-carboxy-4-tert.-butyltoluene.-—The cyano-compound (2 g.) was boiled with sul- 
phuric acid (10 c.c. of concentrated acid and 5 c.c. of water) under reflux for 2 hours, the cooled 
mixture diluted, and the solid extracted with 2N-sodium carbonate. The alkaline solution on 
acidification gave a 30% yield of 6-nitro-2-carboxy-4-tert.-butylioluene, which separated from 
25% alcohol in white needles, m. p. 219° (Found: C, 60-6; H, 6-3. C,,.H,,0,N requires C, 60-7; 
H, 6-3%). 

5-Nitro-3 : 4-dicarboxy-tert.-butylbenzene—The above acid could not be oxidised by a 
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boiling solution of chromium trioxide in acetic acid, by chromium trioxide and concentrated 
sulphuric acid, by boiling alkaline permanganate, or by dilute nitric acid, boiling or at 190° 
for 8 hours. Oxidation was finally achieved by heating the compound (0-1 g.) with nitric acid 
(3 c.c., d 1-5) and water (12 c.c.) for 8 hours at 200°; the clear solution obtained gave on evapor- 
ation a solid which was much more readily soluble in water than 6-nitro-2-carboxy-4-ert.-butyl- 
toluene. By leaving a solution of the solid in water to evaporate spontaneously, 5-nitro-3 : 4- 
dicarboxy-tert.-butylbenzene was obtained in colourless crystals, m. p. 365° (decomp.) (Found : 
C, 54-2; H, 5-0. C,,H,,0,N requires C, 53-9; H, 4:9%). 

The dicarboxylic acid when heated gave a crystalline sublimate of the anhydride, m. p. 
147—149°, insoluble in cold 2N-sodium carbonate, but dissolving on warming (Found : C, 57-1; 
H, 4-7. C,,H,,0O;N requires C, 57-8; H, 4.4%). Unfortunately the difficulty experienced in 
oxidation left insufficient material for a more complete examination of the anhydride, but there 
seems no doubt of its identity; any other probable decomposition products of the dicarboxylic 
acid would differ considerably in composition from the product obtained; e.g., if loss of one 
molecule of carbon dioxide occurred, the compound would be soluble in cold sodium carbonate 
solution and would have the composition C, 59-2; H, 5-8%; if loss of a molecule of water 
occurred, between two molecules of acid, the composition would be C, 55-8; H, 46%. 


UNIVERSITY COLLEGE, LONDON. (Received, October 5th, 1934.] 





431. The Thermal Oxidation of Methylamine. 


By LESLIE J. JOLLEY. 


THE vapour-phase oxidation of aliphatic amines has hitherto received little attention. 
The subject is of interest because, in the case of a primary amine, either the alkyl or the 
amino-group could conceivably be attacked by oxygen. In the former case one would 
expect to observe the general characteristics of hydrocarbon combustion, which appears 
to proceed by a chain mechanism in the typical cases of methane, ethylene, and benzene 
(Hinshelwcod e¢ al., Proc. Roy. Soc., 1929, A, 125, 276 ; 1930, 127, 218 ; 1930, 129, 284), 
whereas in the latter case the oxidation should resemble that of ammonia, which is a 
heterogeneous process. 

Trillat (Compt. rend., 1903, 136, 53) found that the main products of the oxidation of 
aliphatic amines on a platinum spiral at a high temperature, in presence of steam, were 
aldehydes and nitrous acid ; he supposed the initial stage of the reaction in such conditions 
to be hydrolysis of the amine to alcohol and ammonia. Triimpler (Swiss Patent 111,120, 
1924) found that a mixture of methylamine, steam, and air passed over granular diatomite 
at 300° gave almost quantitative yields of formaldehyde and ammonia. The reactions 
studied by both authors were presumably heterogeneous. Emeléus and Taylor (J. Amer. 
Chem. Soc., 1931, 58, 3370) observed that methylamine and oxygen react photochemically, 
and supposed that scission of the C-N link took place. Further work is in progress on this 
aspect of the problem. 

Preliminary observations on the thermal oxidation of methylamine showed that a 
homogeneous reaction takes place at temperatures above 250°, and can be conveniently 
studied at 300°. The main products are formaldehyde, carbon monoxide and dioxide, 
ammonia, and water. Some hydrogen cyanide is also formed. In the experiments 
described below, the nature of the reaction products has been studied at temperatures 
between 270° and 410°. The effect on the velocity of the surface/volume ratio of the 
reaction vessel, the concentrations of methylamine and oxygen, and the admixture of 
foreign gases has also been studied, and some account of the ignition of methylamine- 
oxygen mixtures is given. In addition, a series of experiments on the thermal decom- 
position of methylamine is described. Data on this reaction have not been recorded, and it 
is necessary to know whether the oxidation can be preceded by a thermal dissociation of the 
amine molecule. 

EXPERIMENTAL. 

Methylamine was prepared by warming its hydrochloride with quicklime in an evacuated 
glass apparatus and condensing the vapour in a U-tube cooled in liquid air. This product was 

6M 
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dried by distillation through a tube packed with freshly ignited quicklime, and then fractionally 
distilled ina vacuum. The middle fraction (v. p. at — 52° = 57—60 mm.) was separated, and 
stored in a 3-litre glass globe. Oxygen from a cylinder was used; it contained 0-5—1-0% of 
nitrogen (for which a correction was in all cases made in the analyses) and was dried by passage 
through a tube 1 m. long packed with phosphoric oxide, and stored in a previously evacuated 
glass globe. 

The reaction vessel was either a cylindrical or a spherical bulb, attached to a constant- 
volume capillary manometer, and having taps connecting it to (1) reservoirs of methylamine 
and oxygen, (2) a Tépler pump delivering into a Bone and Wheeler gas-analysis apparatus, 
(3) a reservoir in which gases could be mixed, (4) a pumping line fitted with a liquid-air trap and 
a McLeod gauge, connected to a mercury-vapour pump backed by a Cenco pump. Methylamine 
was found to have no appreciable effect on the tap grease, and a vacuum of 0-001 mm. could be 
maintained in the system for several days. 

The dead space in the reaction system (ca. 1% of the total volume) was minimised by the 
use of capillary connexions wherever possible. The reaction vessels were of soft glass, pyrex, or 
silica in various runs, and were in each case cleaned with chromic-—nitric acid, washed with 
water, and baked out in a vacuum at 300°. 

A large, well-lagged, cylindrical furnace with side and end windings was used throughout, 
and gave a temperature uniform to 1° over an axial distance of 15 cm. Temperatures were 
measured with a calibrated platinum-—rhodium thermocouple, or with a calibrated mercury 
thermometer. 

In analysing the reaction products, direct-pressure measurements in the reaction vessel were 
used as far as possible. After a run, the reaction vessel was cooled in liquid air, and carbon 
monoxide, hydrogen, methane, and nitrogen were pumped into the Bone and Wheeler apparatus 
and analysed. Any condensable gas in the dead space of the reaction system was frozen out 
in a small liquid-air trap and returned to the reaction vessel before the residual pressure was 
measured. The reaction vessel was then cooled to — 115°, and any ethylene and ethane 
present pumped off. At this temperature, ammonia, the most volatile of the residual gases 
other than ethane and ethylene, has a vapour pressure of less than 1 mm. Carbon dioxide was 
always present in the residue as carbonates of ammonia and methylamine. The latter is the 
more stable, but has a dissociation pressure of 7 mm. at 20°. It was therefore possible to distil 
the mixture of carbonates in a vacuum into a bulb containing dilute sulphuric acid, which 
absorbed the bases, and then to return the carbon dioxide to the reaction vessel and measure its 
pressure (moist). In the experiments in which a complete analysis of the reaction products was 
made, the reaction vessel was detached after removal and estimation of non-condensable gases, 
and dilute sulphuric acid introduced. Carbon dioxide was then pumped into a gas burette and 
measured, The acid solution was cautiously distilled, and cyanide determined in the distillate 
by Volhard’s method. The bases in the residue were estimated by adding an excess of alkali 
and distilling into standard acid. It was necessary to calculate formaldehyde indirectly, as 
indicated below, since its determination by either the cyanide or Romijn’s iodometric method in 
the distillate from acid solution was found to be inapplicable in presence of cyanide. 

Decomposition of Methylamine.—Miller (Bull. Soc. chim., 1887, 45, 439) found that the 
products of decomposition at 1200° were ammonia, hydrogen cyanide, methane, hydrogen, and 
nitrogen; and Upson and Sands (/. Amer. Chem. Soc., 1922, 44, 2036) found that ethylamine at 
500° gave ammonia, acetonitrile, hydrogen, and ethylene as main products. The experiments 
recorded below were made to determine whether methylamine can undergo appreciable decom- 
position at 300—350°, i.e., in the range of temperature in which it oxidises rapidly. 

Methylamine was admitted at a series of temperatures to a pyrex bulb of 150 c.c. capacity, 
and pressure measurements were taken in each case over a period of some hours. The bulb was 
then cooled, and the contents analysed. Decomposition was barely perceptible at 430—440°, 
the pressure rising in 5 hours from 571-5 to 573-0 mm. (measured at 428°). On cooling the bulb 
in liquid air, the residual pressure was 0-1 mm., showing that only a trace of non-condensable 
gas had been formed. The residual pressure after the condensable portion had been treated 
with dilute sulphuric acid was less than 1 mm. (measured at 20°). At 0° there was no trace of 
condensate in the bulb. 

A similar experiment showed that at 536° appreciable decomposition took place, with forma- 
tion of hydrogen, hydrogen cyanide, and methane. In 1 hour the pressure had risen from 
532-5 to 610-5 mm., and after 3 hours it was 753-0 mm. At this point the bulb was cooled and 
the contents analysed. The pressures of the products (measured at 536°) were 208 mm. hydro- 
gen, 64-5 mm. methane, and 1-3 mm. nitrogen. Qualitative examination of the condensable 
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product showed that much hydrogen cyanide was present. On cooling the reaction bulb to 0°, a 
colourless crystalline solid, methylamine hydrocyanide, was deposited. 

In the next experiment the bases and hydrogen cyanide present in the product were estimated 
volumetrically. 


Initial pressure of methylamine at 500° 535-5 mm. 

After 3 hours at 540—560°, total pressure (measured at 500°) = 1042-2 mm. 

Analysis of products (partial pressures, mm., measured at 500°): Total bases = 249-0; 
H, = 536-0; HCN = 243-0; CH, = 56-1. Ethane and ethylene, traces only. 


If it is assumed that the only bases present are ammonia and methylamine, an estimate of 
the ammonia formed can be made from a consideration of the hydrogen balance on the analysis. 
It appears that the ammonia present-cannot be Jess than 54-5 mm., and the partial pressure of 
undecomposed methylamine must be less than 194-5 mm. 

Hence, in mm., 341-0 of methylamine give 54-5 of ammonia, 243-0 of hydrogen cyanide, 
56-1 of methane, and 536-0 of hydrogen. It follows that at 540—560° about 80% of the 
methylamine decomposes according to the reaction CH,*-NH, = HCN + 2H,, and about 20% 
according to CH,-NH, + H, = CH, + NH. 

A rough extrapolation from the above results indicates that at 300° the decomposition of 
methylamine would produce a pressure change of the order of 0-0005 mm. /hr., and such a reaction 
may therefore be neglected as a direct factor in the thermal oxidation. 

Thermal Oxidation of Methylamine at 300°.—Reaction products. At this temperature the 
reaction period is of the order of one hour, and further heating causes no appreciable change of 
pressure or disappearance of oxygen. When the reaction vessel is cooled, a dew is deposited, 
and some ammonium carbonate crystallises out on standing. At 300° no carbon is liberated, and 
the condensed liquid is almost colourless. 

The analysis of the condensable product is complicated by the fact that formaldehyde reacts 
with hydrogen cyanide in the conditions prevailing at the end of a run to give glycollonitrile, 
CH,(OH)-CN, and products so combining cannot be directly determined. A further portion 
of the formaldehyde formed condenses with ammonia, giving hexamethylenetetramine. This 
can be hydrolysed to ammonia and formaldehyde with dilute acid, and the formaldehyde detected 
by Schryver’s test. Estimation of ammonia and free hydrogen cyanide in the condensable 
product enabled some 90% of the nitrogen initially present to be accounted for. 

Detailed analyses were made in two similar experiments in spherical soft-glass bulbs of 400 c.c. 
capacity. An excess of oxygen was present, and heating was continued until no further pressure 
change occurred ; it was assumed that no unchanged methylamine remained. The method of 
analysis was that already outlined. In one case an attempt was made to estimate formaldehyde 
by Romijn’s iodometric method. The result is, of course, low, but affords additional evidence 
of the formation of formaldehyde. 

Results are expressed as pressures (mm.) in the reaction vessel at the reaction temperature. 


Run A. Run B. Run A. Run B. 
276° ‘ 14:1 
304°1 ‘ —_ 
381°5 — 
854°5 _— 
Pressure rise : 162°7 ? 66-0 
Residual O, . 54°5 . 199-0 
O, consumed i 327°0 . 37°0 
CO formed , 64°7 ; a 

The formation of the above products may be represented by the equations: (1) 2CH,*-NH, 
+ O, = 2CH,O + 2NH,;; (2) CH,;-NH, + O, = CO+ H,O+NH,;; (3) CH,*-NH, + O, = 
HCN + 2H,O; (4) 2CH,;*-NH, + 30, = 2CO, + 2H,O + 2NH,; (5) 4NH,; + 30, = 6H,O 
+ 2N,. By using these equations, the amount of water formed can be calculated from the 
analyses, and balances drawn up for the carbon, hydrogen, nitrogen, and oxygen. The per- 
centages of the initial elements thus accounted for are: Run A, C, 54:8; H, 74-4; N, 87-3; O, 
72-2. Run B, C, 55-2; H, 74-3; N, 87-0; O, 72-6. 

The nitrogen deficit (which is small) has been taken to represent hydrogen cyanide lost as 
glycollonitrile. If the deficit on the balances quoted above be expressed as partial pressures in 
the reaction system, the percentage composition and pressure of the product still unidentified 
may be calculated. In both runs, the molecular formula of this residue is to a close approxi- 
mation CH,O,, where m is between land 2. Since no formic acid was found, this may represent 
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a polymerised oxidation product of formaldehyde. It has been included in the values for 
formaldehyde given below : 
Percentage of methylamine oxidised to : 


Run A. Run B. Run A. Run B. 


CH,0O (reaction 1) 37°9 31°6 CO (reaction 2) 19°8 21°3 
HCN (reaction 3) 20°8 25°3 CO, (reaction 4) 21°7 


Effect of Reaction Temperature on the Nature of the Products —The products were analysed in 
a series of runs at temperatures from 300° to 410°. The initial concentrations of methylamine 
and oxygen were kept constant (4MeNH, : 30,). In cases where the rapidity of the reaction 
prevented direct measurement of the initial pressure, the mixture was admitted to the evacuated 
reaction vessel from a second bulb at a known temperature and pressure, and the change of 
pressure in the latter measured. The volume ratio of the two bulbs being known, the initial 
pressure in the reaction bulb could be calculated. Analyses were made of the carbon monoxide, 
nitrogen, hydrogen, methane, and carbon dioxide formed. 

For the purpose of comparison, the amounts of the products formed are expressed in arbitrary 
units such that the oxygen consumed is equal to 100. 


Temp. CO. N;. H, CH, CO,. Temp. CO. N;. H, CH,. CO,. 
305° 11°6 6°9 0-0 0-0 11°6 385° 16°9 15°5 — — 8°3 
305 14°6 7°2 0°0 0-0 81 409 20°4 16°8 3°9 2°4 6°2 
353 14°9 13-2 17 0-0 8-0 
The discrepancy between the two experiments at 305° is outside the errors of gas analysis, 

and was probably due to different surface conditions in the two cases. Apart from this dis- 
crepancy, it appears that at higher temperatures there is increased formation of carbon monoxide 
and nitrogen, and a slight diminution in the formation of carbon dioxide. The general character 
of the reaction, however, suffers no marked change. 

The Induction Period in the Thermal Oxidation of Methylamine.—In the slow combustion of 
methylamine, the pressure of the reaction mixture increases. The rate of increase, which is at 
first very small, rises continuously to a maximum, and then falls off again. Such an induction 
period is typical of the slow combustion of many hydrocarbonsand related compounds. Hinshel- 
wood (/oc. cit.) assumes that the similar lag in the oxidation of, e.g., methyl alcohol does not 
indicate that the initial reaction velocity is very small, but merely that the initial stage of the 
reaction, which preponderates at the outset, takes place without change of pressure. 

Experiments recorded below show that this cannot be the explanation in the case of methyl- 
amine oxidation. The mean rates of disappearance of oxygen in the induction period and in the 
total reaction were compared in precisely similar experiments in which samples of the reacting 
mixture were withdrawn into a cold bulb at a suitable stage of the reaction, and analysed. For 
this purpose a methylamine—oxygen mixture containing a known proportion of nitrogen was used, 
and the oxygen consumed was estimated from the change in the oxygen/nitrogen ratio. A 
correction was made for the small amount of nitrogen formed in the reaction. 

In one experiment at 300°, during the first 13 mins. the oxygen consumed was 22 mm., while 
in the succeeding 32 mins. it was 152 mm. In a second experiment at the same temperature, 
5 mm. of oxygen disappeared during the first 5 mins., and 137 mm. during the next 6-5 mins. 
In the two experiments, the pressure changes in the first periods were respectively 9 and 6% of 
the final value. These results indicate that the reaction velocity during the induction period is 
actually very much less than during the later stages of the reaction, and that the peculiar form 
of the pressure—time curve is not due to distortion by an initial oxidation process involving no 
change in the total] number of molecules present. 

Kinetic Aspects of Methylamine Oxidation.—The effects of vessel dimensions, concentration 
of reactants, reaction temperature, and presence of foreign gases on the reaction velocity were 
studied, the course of the reaction being followed by pressure measurements. This procedure is 
only valid if the pressure change can be shown in all cases to be proportional to the oxygen 
consumed. It has already been shown that its validity is not affected by the existence of the 
induction period. In a series of runs in vessels of silica, pyrex, and soft glass, of diameters 
ranging from 3 to 9 cm., and at temperatures between 272° and 408°, the ratio of total pressure 
increase to pressure of oxygen consumed (measured in the reaction bulb at the reaction temper- 
ature) varied between 0-40 and 0-50 for initial methylamine : oxygen ratios ranging from 4 : 3 
to 1: 3-2. An exact proportionality is not to be expected from a reaction of such complexity, 
but the agreement is sufficiently close to admit of a semi-quantitative study of the effect of the 
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above controlling factors by the manometric method. Hinshelwood’s method (Proc. Roy. Soc., 
1930, A, 129, 284) of plotting pressure change as a percentage of its final value has been adopted. 

Effect of surface volume ratio of the reaction vessel. The curves in Fig. 1 show the pressure— 
time records of four runs in soda-glass bulbs of different diameters, in which all other controlling 
factors were as far as possible kept constant. The maximum velocity attained is seen to increase 
with the vessel diameter, and the times taken by corresponding fractions of the total pressure 
change show a parallel systematic decrease as the vessel diameter increases. 

The effect of packing the vessel with fragments of soft-glass tubing 3 mm. in diameter was 
studied by comparing the reaction in a packed bulb with that in a similar empty bulb at the same 
temperature and initial pressure. The pressure—time curves show that the reaction is almost 
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ime, minutes 
286 mm. MeNH,, 213 mm. O, at 304—305°. 


Time (minutes) for fraction of pressure change: Bulb diam., A 53mm., B 30mm., C 20mm., D 16mm. 


A. B. , D 


a a 65 11-2 
a (a 12-3 19-8 


completely inhibited in the packed bulb. Hence it appears that the effect of the vessel diameter 
becomes more marked as the diameter decreases. In another experiment, packed and unpacked 
bulbs were filled with a mixture containing a known proportion of nitrogen, and the rates of 
consumption of oxygen compared in identical conditions of temperature, initia] pressure, and 
pre-treatment by determinations of the oxygen/nitrogen ratio. It was found that in a 150 c.c. 
pyrex bulb at 300°, the effect of packing was to reduce the rate of consumption of oxygen from 
12 mm. /min. to 0-24 mm. /min. 

Effect of concentration of reactants. In a series of runs the initial concentrations of the 
reactants were varied, the other conditions being kept constant. Fig. 2 shows pressure—time 
curves for three typical experiments in a bulb of 20-4 mm. diameter at 300°. Further typical 
results are given below, the time (¢, in mins.) for the fraction 20—60% of the reaction being used 
as a measure of the reaction rate. Temp. 304—305°. Pressures in mm. (measured at the 


reaction temperature). 
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Bulb, 30 mm. diam. Bulb, 20°4 mm. diam. Bulb, 20°4 mm. diam. Bulb, 53°0 mm. diam. 
MeNH,. 0,. t. MeNH,. Oy. .  MeNH,. 0,. t. | MeNH,. 0,. t. 


t 
290°0 217°0 7°0 285°0 213-0 9°4 285°0 213-0 9°4 286°0 213°0 5:2 
1450 2170 103 1450 2170 15°4 286°0 1070 10°6 286°0 107°0 4°0 











‘ 


From these results it appears that the effect of variation of methylamine concentration is 
more pronounced than that of oxygen concentration. The reaction velocity appears to be 
proportional to a power of the methylamine concentration lying between 1 and 2, and approxi- 
mately to the first power of the oxygen concentration. 

The Temperature Coefficient of the Reaction Velocity.—The effect of temperature was examined 
in a series of five runs at three different temperatures in a silica bulb 3 cm. in diameter, the same 
initial concentrations of the reactants being used in each case (172 mm. methylamine and 128mm. 
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oxygen at 305°). The following figures are taken from the pressure—time curves obtained, and 


show the time in minutes taken by the given specific fractions of the total pressure change in 
each case. 


Temp. 304—305°. Temp. 343°5°. Temp. 375°5°. 
Fraction, %. Run A. Run B. Run C. Run D. Run E. 
20—40 2°84 3°00 3°67 0°467 0°166 
40—60 2°70 2°60 3°27 0°467 0°176 
60—80 . 2°67 2°73 2°87 0°467 0°216 





When the logarithm of the time for a given fraction is plotted against the reciprocal of the 
absolute temperature, the points obtained for each of the above fractions lie approximately on a 
straight line whose gradient corresponds to a heat of activation of about 30,000 cals. 

Explosion Limits—Many attempts were made to detect upper and lower explosion limits of 
-he type characteristic of those reactions which involve a branching-chain mechanism, but no 
such limits were found. If the mechanism of the oxidation of methylamine be such as to render 
these phenomena possible, it may be that they only come into play in a region of temperature 
and pressure in which the normal slow reaction is too rapid to permit their detection. 
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The Ignition of Methylamine-Oxygen Mixtures.—If a mixture of a given composition is 
admitted into a bulb at a given temperature, the reaction follows the uniform course hitherto 
discussed provided that the initial pressure be less than a certain well-defined critical value. 
If this pressure is exceeded, ignition takes place after the normal slow oxidation has proceeded 
to a certain point. The character of the resulting explosion depends on the composition of the 
mixture; those containing more than 50% of methylamine give a faint, barely luminous flash 
accompanied by a large increase of pressure, while those containing less methylamine give a 
brilliant flash accompanied by a decrease of pressure. The transition between the two types of 
explosion occurs abruptly at an exactly equimolecular methylamine/oxygen ratio at all 
temperatures between 400° and 600°; no explosions of intermediate character have been 
observed. 

It was at first supposed that the feeble flames of mixtures rich in methylamine might be 
analogous to the phosphorescent flames of ether, acetaldehyde, and some hydrocarbons. Unlike 
these, the temperature range in which methylamine—oxygen mixtures ignite is the same for both 
types of flame. If the feeble flames are due to a pure chain explosion (as distinct from a thermal 
explosion), the products may be expected to be of the same type alike in the slow reaction and in 
the explosion, since the slow reaction itself appears to have a chain mechanism. A series of 
analyses of the products of the explosion of methylamine-rich mixtures was therefore made. 

Four experiments were carried out in a 150 c.c. pyrex bulb at 412°; in these conditions, the 
minimum initial pressure for ignition of the particular mixture used (1-14MeNH, : 10,) is 190 mm. 
For comparison, the result of an initial experiment in which the pressure was less than 190 mm., 
so that only the slow reaction was involved, is placed first, the runs in which ignition took place 
following in order of increasing initial pressure. 

Amounts of products are again referred to oxygen consumed as 100. 


Products. 





Initial press., Press. rise Press. rise - ‘ 

No. mm. before expn. in expn. co. N,. Hg. CH,. CO. 
1 146-0 38°0 — 13°4 17°4 4:4 ‘ 10°1 
(no explosion) 

fi 50°0 3°0 41°8 19°6 74°8 A — 

260-0 38°5 147°5 84°6 50°8 163°7 ; + 


288°5 37°5 187°5 90-0 56°6 183°5 , 5° 
296°7 39°8 197°5 92°5 54°1 195-0 5: 


A number of interesting facts emerge from these figures. First, it is evident that the inci- 
dence of ignition is accompanied by a marked change in the proportions of the products : notably 
a large quantity of hydrogen and greatly increased amounts of carbon monoxide and nitrogen. 
Also, as the initial pressure increases beyond the minimum value of 190 mm., ignition supervenes 
at a progressively earlier stage of the reaction, as may be seen from the variation of the pre- 
ignition rise of pressure. At the same time, there is a progressive increase in the fraction of the 
total combustion taking place via the reactions involved in the flame, as shown by the magnitude 
of the pressure rise in the explosion, which runs parallel with the increased formation of hydrogen, 
carbon monoxide, and nitrogen. 

Hence it may be inferred that the explosion is a thermal one, and that its incidence depends 
on the attainment by the slow reaction of a critical speed at which heat is evolved by the system 
more rapidly than it can be lost to the walls, so that the temperature rises indefinitely. 
Presumably, at the elevated temperature of the flame there occurs a decomposition of some 
intermediate product which in the slow reaction disappears by oxidation. The fact that in 
runs 4 and 5 as much as 90% of the initial carbon and nitrogen present are accounted for in the 
products, enables certain conclusions to be drawn. The formation of hydrogen cannot be due to 
decomposition of methylamine, since this is known to occur mainly by the reaction CH,*-NH, = 
HCN + 2H,, whereas very little hydrogen cyanide can actually be formed. 

The total reaction involved in the explosion agrees well with the equation 2CH,*NH, + O, 
= 2CO + N, + 5H, + 38 Cals.; the assumption that all the hydrogen found is formed in this 
way is very well borne out by the figures quoted above if it is taken into account that the 
explosion is invariably preceded by a period of slow reaction. 

Any further conclusions as to the mechanism of the ignition process do not appear to be 
justified by the data at present available, but a detailed study of the temperature coefficient of 
the limiting explosion pressure of amine-oxygen mixtures by Sagulin’s method (Z. physikal. 
Chem., 1928, B, 1, 275) is now in progress. 
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The violent explosions of oxygen-rich mixtures are no doubt due to secondary ignition of the 
hydrogen formed in the reaction dealt with above. 

Effect of Foreign Gases on Reaction Rate.—Many reactions for which chain mechanisms have 
been postulated are markedly accelerated by the admixture of inert gases, and in some cases are 
inhibited by small amounts of readily oxidisable substances. The effect of some foreign gases 
on the slow reaction was examined by comparing pressure-time curves in presence and in 
absence of inert gas. In one experiment, 2% of ethylene was added to the reaction mixture at 
300°, and in another experiment at 300° the reaction mixture was saturated at 20° with the 
vapour of tetraethyl-lead. In neither case was the effect of addition of the foreign gas outside 
the normal limits of experimental error. 

By using Sagulin’s method (loc. cit.), the effect of addition of nitrogen on the minimum 
pressures at which methylamine—oxygen mixtures exploded at a series of temperatures was 
studied. The figures given below are taken from curves showing the relation between minimum 
explosion pressure (in mm.) and temperature. 

400°. 420°. 440°. 460°. 480°. 


Press. for 4MeNH, : 30, mixture 548 318 202 131 87 
547 316 200 130 86 


Press. for 1MeNH, : 1'820, mixture 870 527 342 #219 147 
‘ in presence of 2°82N, 600 377 262 176 122 


A lowering of the ignition pressure must be taken to indicate an acceleration of the slow 
reaction. | 

The same technique was used to study the effect of carbon dioxide, ethylene, and benzene 
vapour. In all these cases a small increase in the ignition pressure was produced by the foreign 
gas; this was probably a dilution effect. In the typical case of carbon dioxide, an increase of 
only 15% in the ignition pressure was produced by a partial pressure of carbon dioxide equal to 
six times the pressure of methylamine or of oxygen, which in this case were equal. These 
three added gases, therefore, do not produce either acceleration or inhibition. 


DISCUSSION. 


The thermal decomposition of methylamine proves to be a relatively simple process. 
At 550° two reactions are involved, the predominant one a dehydrogenation to hydrogen 
cyanide : CH,-NH, = HCN + 2H, — 37-6 Cals. The hydrogen formed is involved in a 
subsidiary reaction, whereby the amine is reduced: CH,*NH, + H, = CH, + NH, + 
22-6 Cals. The latter reaction may occur in two stages, the methylamine decomposing 
either to methylene and ammonia or to free methyl and amino-radicals, with subsequent 
hydrogenation of the free radicals; the first alternative would be a parallel process to the 
thermal decomposition of methane (Belchetz, Faraday Society Discussion on “ Free 
Radicals,”’ 1933, p. 170) and of aldehydes (Bone and Smith, J., 1905, 87, 910) : 


H>CHe = CH, + Hy; RSco = RH + CO; HsNSCH, = CH, + NH,. 


The speed of decomposition is, however, inappreciable at 300°, at which temperature 
the oxidation is rapid. Hence the initial stage of the oxidation cannot be a dissociation of 
the methylamine molecule. It must be a collision between integral molecules of methyl- 
amine and oxygen, and the question arises whether the collisions which initiate oxidation 
are bimolecular or termolecular. This can be decided from the connexion between the 
heat of activation and the reaction velocity at a given temperature, provided long chains 
be not involved. The rough value of the heat of activation deduced above from the 
temperature coefficient of the reaction velocity (30,000 cals.) indicates that the reaction 
should go at a measurable speed at about 250° if it is bimolecular; if it is termolecular it 
should not go at a measurable speed below about 520°. Actually the reaction rate becomes 
conveniently measurable at about 250°, justifying the assumption of a bimolecular initial 
process followed by a series of comparatively rapid reactions. 

Further information about the nature of the initial process is given by the products of 
the reaction. These are (in the slow reaction) formaldehyde, carbon monoxide, hydrogen 
cyanide, carbon dioxide, and ammonia, and can be satisfactorily explained by assuming a 
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series of successive hydroxylations of the methyl group, similar to those postulated by Bone 
in hydrocarbon oxidation. 


CH,NH, —> CH,(OH)-NH, —> CH(OH),*NH, 
HCN + H,O 


CH,O + NH, H,O + CH<Ny, —> CO + NH, 
NH,-CO,H —> CO, + NH, 


The intermediate products are assumed to be capable of undergoing either further 
oxidation or decomposition. The two alternative modes of decomposition assumed for 
formamide are both known to take place readily below 300° (Freer and Sherman, Amer. 
Chem. J .,1898, 20, 226). The amino-group appears to remain intact throughout the process. 
The observed formation of formaldehyde cannot arise directly from the interaction of a 
molecule of methylamine with both atoms of a molecule of oxygen in a binary collision, 
since this would give a product corresponding to the second hydroxylation stage (carbon 
monoxide or hydrogen cyanide). Hence the formation of formaldehyde must take place 
inmore than one stage. A probable explanation appears to be that the initial binary process 
results in a complex (CH,*NH,),0O,, of unknown structure. This complex preserves its 
integrity until it suffers a collision with a second methylamine molecule, whereupon a 
binary process of low activation energy gives 2CH,(OH)*NHg,, which can either lose 
ammonia to give formaldehyde, or be further oxidised. This is substantially the 
mechanism proposed by Hinshelwood for hydrocarbon oxidation. 

It is significant that the single equation deduced for the explosive reaction, viz., 
2CH,*NH, + O, = 2CO + 5H, + Ng, also involves two molecules of methylamine per 
molecule of oxygen used. 

The reaction has been shown to exhibit the essential characteristics of a chain reaction, 
viz., retardation by an increase in the surface/volume ratio of the containing vessel, and a 
high apparent order of reaction. In particular, in every aspect of the reaction which has 
here been studied, the similarity to hydrocarbon oxidation is striking. It appears that 
methylamine oxidises as a derivative, not of ammonia, but of methane. If it be taken as 
established that a chain mechanism is involved, the question of the origin, nature, length, 
and termination of the reaction chains arises. Their origin is indicated above. The precise 
nature of the active substances which propagate them, and the process which leads to the 
regeneration of these substances at the completion of each cycle of the chain, cannot be 
decided from the available evidence. If the chains are broken exclusively at the walls of 
the vessel (which is approximately true if they are long), then according to Semenoff 
(Z. physikal. Chem., 1929, 2, B, 161) the reaction velocity should be proportional to the 
square of the vessel diameter. Actually the influence of the walls is much less than this, 
and inhibition does not become very marked until the effective vessel diameter is made less 
than 1 cm. It must be concluded that the chains are short, and terminate largely in the 


gas phase. 
SUMMARY. 


(1) The slow combustion of methylamine in oxygen is a homogeneous reaction between 
250° and 600°, and gives a complex series of products, consisting mainly of formaldehyde, 
carbon monoxide, carbon dioxide, hydrogen cyanide, ammonia, and water. 

(2) The reaction appears to proceed by a chain mechanism. It is retarded by an 
increase in the surface/volume ratio of the containing vessel. The reaction velocity is 
proportional to a power of the methylamine concentration between 1 and 2, and approxi- 
mately to the first power of the oxygen concentration. 

(3) Ignition takes place if the initial pressure of the reaction mixture exceeds a critical 
value which is determined mainly by the temperature of the system. The ignition is a 
thermal process, and gives rise to a set of products which differ markedly from those of the 


slow reaction. 
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(4) The reaction between methylamine and oxygen is invariably preceded by an 
induction period, during which oxidation proceeds at an abnormally slow rate. 

(5) Thermal decomposition of methylamine becomes appreciable at 500°, and goes 
mainly by the reactions CH,,NH, = HCN + 2H, and CH,’NH, + H, = CH, + NH,, 

These reactions do not take part in the oxidation process. 


The author acknowledges his indebtedness to Dr. H. J. Emeléus, at whose suggestion this 
work was undertaken, and under whose supervision it was carried out. His thanks are also due 
to the Board of Education and to the Southend-on-Sea Borough Education Committee for grants. 
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432. Amphoteric Aromatic Substitution. Part II. Reactions of Benzoyl 
Peroxide and Phenylazotriphenylmethane. 


By Donatp H. Hey. 


In Part I (this vol., p. 1797) it was shown that whenever either sodium benzenediazoate 
or nitrosoacetanilide is allowed to react with a neutral aromatic compound C,H,°R, a 
biaryl compound is formed in which the phenyl group is attached to the ortho- and/or 
para-position with respect to R, whether R is a so-called ortho-para-directive group or a 
so-called meta-directive group. It was further suggested that these reactions could be 
most readily explained by postulating a mechanism involving, primarily, the formation 
and transient existence of free phenyl radicals, and experimental evidence was adduced in 
support of this view. In order to obtain further corroboration attention is now directed 
to the reactions of benzoyl peroxide and of phenylazotriphenylmethane, which might serve 
as possible sources of free phenyl radicals under conditions somewhat similar to those used 
in the cases of sodium benzenediazoate and nitrosoacetanilide. 

Gelissen and Hermans (Ber., 1925, 58, 285, 476, 479, 764, 765, 770, 984, 2396; 1926, 
59, 63, 662) have found that in boiling benzene solution benzoyl peroxide gave mainly 
diphenyl, benzoic acid and carbon dioxide, according to the equation Ph-CO-O-O-COPh + 
C,H, —> Ph-Ph + Ph-CO-OH + CO,, and that in addition smaller quantities of phenyl 
benzoate, terphenyl, and quaterphenyl were obtained. The participation of benzene in 
the reaction was proved by the fact that p-chlorobenzoyl peroxide and benzene gave 
4-chlorodiphenyl, and not 4: 4’-dichlorodiphenyl, and similarly m-nitrobenzoyl peroxide 
and benzene gave 3-nitrodiphenyl, and not 3 : 3’-dinitrodipheny] (cf. Lippmann, Monatsh., 
1886, 7,523). With toluene at 100° benzoyl peroxide gave 2- and 4-methyldiphenyl, while 
with diphenyl at 110° terphenyl was obtained. Reactions have now been carried out, in 
turn, with chlorobenzene, nitrobenzene, and ethyl benzoate. With chlorobenzene, 4- 
chlorodipheny] was identified in the product, while with nitrobenzene both 2- and 4-nitro- 
diphenyl were formed. The reactions of benzoyl peroxide with neutral aromatic compounds 
thus resemble those of sodium benzenediazoate and of nitrosoacetanilide in giving rise to 
nuclear substitution at the ortho- and/or para-position with respect to the nitro-group as 
well as to the methyl and chloro-groups. This similarity extends further the analogies 
between certain reactions of organic peroxides and the reactions of aromatic diazonium com- 
pounds, previously noted by Gelissen and Hermans (Ber., 1925, 58, 984). In addition, 
Overhoff and Tilman (Rec. trav. chim., 1929, 48, 993) have isolated both 2- and 4-phenyl- 
pyridine from the action of benzoyl peroxide on pyridine, thus confirming the ability of 
the substituting agent to function as an anionoid reagent, as now revealed in its reaction 
with nitrobenzene. 

With ethyl benzoate, benzoyl peroxide gave ethyl diphenyl-4-carboxylate together 
with some ethyl diphenyl-3-carboxylate. The formation of the latter is not entirely 
unexpected, since the differences in reactivity at the ortho- and meta-positions in ethyl 
benzoate have not the clear demarcation found, for example, in nitrobenzene. The 
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isolation of ethyl diphenyl-3-carboxylate, in addition to the 4-carboxylic ester, made it 
desirable to examine further the esters obtained from the action of sodium benzenediazoate 
on ethyl benzoate (Part I, p. 1803), and it is found that the product consists mainly of ethyl 
dipheny]l-4-carboxylate together with smaller quantities of both the corresponding 2- and 
3-carboxylic esters. In the action of sodium benzenediazoate on methyl benzoate, Gom- 
berg and Bachmann (J. Amer. Chem. Soc., 1924, 46, 2343) report the formation of methyl 
diphenyl-4-carboxylate only. 

With regard to the mechanism of the reactions of benzoyl peroxide in aromatic solvents, 
it is held by Wieland and Razubaiev (Amnalen, 1930, 480, 157) that the primary process 
is a reaction between the solvent and the peroxide rather than a decomposition of the 
peroxide to give free radicals (cf. Gelissen and Hermans, Ber., 1926, 59, 662, etc.). The 
close correspondence now revealed between its reactions with neutral aromatic solvents 
and those of sodium benzenediazoate and nitrosoacetanilide, as well as with those of 
phenylazotriphenylmethane, makes it seem probable that the primary process, in part at 
least, involves the formation of free radicals. _ 

The reactions of phenylazotriphenylmethane and similar compounds have been studied 
by Gomberg and his co-workers (Ber., 1897, 30, 2043; 1903, 36, 1088; J. Amer. Chem. 
Soc., 1898, 20, 773) and more recently by Wieland, Popper, and Seefried (Ber., 1922, 55, 
1816). The latter workers have shown that solutions of phenylazotriphenylmethane in 
specially purified light petroleum, xylene or ethyl benzoate evolve nitrogen at about 80° 
with liberation of free triphenylmethyl and phenyl radicals, thus: Ph,C-N:NPh —> 
Ph,C + N,+ Ph. The free triphenylmethyl was identified spectrographically and isolated 
as its peroxide, but the fate of the phenyl radical was somewhat obscure. No polymeris- 
ation to diphenyl could be detected, but the phenyl radical was partly converted into 
benzene, which was isolated from the product, the exact source which supplied the hydrogen 
atom being unknown. The product also contained triphenylmethane and some tetra- 
phenylmethane, the formation of the latter accounting for the destination of part of the 
free phenyl. According to the hypothesis preferred in Part I (loc. cit.), if the decomposition 
of phenylazotriphenylmethane is carried out in an aromatic solvent, reaction should take 
place between the phenyl radical and the solvent to give a biaryl compound. The de- 
composition of phenylazotriphenylmethane has now been studied from this standpoint 
in benzene, chlorobenzene, and nitrobenzene solutions. In benzene solution diphenyl was 
detected in the product, while in chlorobenzene solution some 4-chlorodipheny] was formed, 
and hence the ability of the free phenyl radical to react with a neutral aromatic compound 
is now confirmed. In the case of the decomposition of phenylazotriphenylmethane in 
nitrobenzene solution, apart from some triphenylmethane, no definite compounds could 
be isolated. The diphenyl compounds obtained from the decomposition of phenylazo- 
triphenylmethane in an aromatic solvent form only a very small fraction of the total product, 
since the phenyl radical itself constitutes only some 22% by weight of the phenylazo- 
triphenylmethane molecule and part of this amount combines with triphenylmethyl to 
give tetraphenylmethane. The detection of diphenyl and 4-chlorodipheny] in the above 
reactions was rendered possible by nitration and bromination respectively. 





EXPERIMENTAL. 


Reactions with Benzoyl Peroxide.—(a) With chlorobenzene. A solution of benzoyl peroxide 
(30 g.) in chlorobenzene (200 c.c.) was heated on the steam-bath for 2 hours, carbon dioxide 
being evolved, and then boiled under reflux for 1 hour. After the removal of about 100 c.c. of 
the excess of chlorobenzene by distillation, the product was diluted with ether, shaken with 
aqueous sodium hydroxide (a small quantity of insoluble material then separated), washed with 
water, and dried. Acidification of the alkaline washings gave benzoic acid (13 g.). Evaporation 
of the ether and excess of chlorobenzene left a dark oil, which on distillation yielded a yellow 
oil (8 g.), b. p. 270—280°, and a small quantity of a higher-boiling resinous residue. A portion 
of the oil (2 g.) was boiled for 2 hours under reflux in 90% acetic acid with the gradual addition 
of chromic anhydride (10 g.); the product was poured into water, from which ether extracted 
p-chlorobenzoic acid (m. p. and mixed m. p. 235—236°). A second portion of the oil (2 g.) was 
heated on the steam-bath for 5 hours with bromine (1 c.c.) in glacial acetic acid (10c.c.). On 
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cooling, white prisms of 4-chloro-4’-bromodiphenyl separated, m. p. and mixed m. p. 153—154° 
after recrystallisation from absolute alcohol (cf. Shaw and Turner, J., 1932, 297). 

(b) With nitrobenzene. A solution of benzoyl peroxide (37 g.) in nitrobenzene (200 c.c.) 
was heated on the steam-bath for 2 hours and then in an oil-bath at 130° for 1 hour. Carbon 
dioxide was evolved. About 100 c.c. of the excess of nitrobenzene were removed by distillation 
and the residue was diluted with benzene, shaken with aqueous sodium hydroxide, and filtered 
from insoluble tarry matter. The benzene and excess of nitrobenzene were removed at 
atmospheric pressure and further distillation was continued under reduced pressure, two fractions 
being collected, (i) 9 g., b. p. 160—200°/9 mm., and (ii) 3 g., b. p. 200—210°/9 mm. _ Fraction 
(i), which partly solidified, after trituration with light petroleum and filtration, gave 4-nitro- 
dipheny] (3-5 g.,m. p. and mixed m. p. 112—113°). Evaporation of the solvent from the filtrate 
left a yellow oil, a portion of which (2 g.) was reduced with hot alcoholic hydrochloric acid and 
stannous chloride (12 g.). The product, made strongly alkaline, was extracted with ether, 
evaporation of which left a brown oily base. Treatment with acetic anhydride, followed by 
trituration with light petroleum, gave an acetyl derivative, which after several crystallisations 
from aqueous alcohol meltéd at 117—119°, both alone and on admixture with 2-acetamido- 
diphenyl (Found : N, 6-6. Calc. for C,,H,,ON : N, 66%). Fraction (ii) solidified completely 
and on crystallisation from alcohol gave 4-nitrodiphenyl, m. p. and mixed m. p. 112—113°. 

(c) With ethyl benzoate. A solution of benzoyl peroxide (30 g.) in ethyl benzoate (200 c.c.) 
was heated on the steam-bath for 2 hours and then at 120° for 1 hour. Carbon dioxide was 
evolved freely. The cold solution was diluted with benzene, shaken with aqueous sodium 
carbonate, and washed with water. Benzene and the excess of ethyl benzoate were removed ; 
the dark viscous residue, distilled under reduced pressure, gave a yellow oil (b. p. 190—230°/ 
12—15 mm., 10 g.), leaving a black resinous residue. A portion of the oil was boiled for 2 hours 
with 30% aqueous sodium hydroxide, a solid slowly separating in crystalline flakes. The 
product was diluted and filtered. The insoluble residue, boiled with concentrated hydrochloric 
acid and filtered, gave diphenyl-4-carboxylic acid (m. p. and mixed m. p. 220—222°). Acidi- 
fication of the alkaline filtrate precipitated a gummy solid, which after several crystallisations 
from light petroleum melted at 155—157°, both alone and on admixture with dipheny]-3-carb- 
oxylic acid (Found: C, 79-2; H, 5-3. Calc. for C,;H,,O,: C, 78-8; H, 5-05%). A second 
portion of the oil was hydrolysed by boiling for 6 hours with concentrated hydrochloric acid. 
The mixture was then made alkaline and extracted with ether, and the aqueous solution acidified. 
The white precipitate which separated was digested with hot light petroleum and filtered. 
The residue consisted of diphenyl-4-carboxylic acid, and diphenyl-3-carboxylic acid separated 
from the filtrate. In both hydrolyses the amount of the 4-carboxylic acid obtained was 
considerably greater than that of the 3-carboxylic acid. 

Further Examination of the Product of the Action of Sodium Benzenediazoate on Ethyl Benzo- 
ate.—The two fractions obtained from this reaction (this vol., p. 1803), viz., (i) b. p. 314—316° 
and (ii) b. p. 325—330°, were separately hydrolysed by boiling for 5 hours with 30% aqueous 
sodium hydroxide. During both hydrolyses some of the sodium salts of the diphenylcarboxylic 
acids separated from solution. The product from fraction (i) was filtered and acidification of 
the filtrate gave mainly diphenyl-2-carboxylic acid, m. p. 109—110° after crystallisation from 
light petroleum, together with a smaller quantity of diphenyl-3-carboxylic acid (m. p. and 
mixed m. p. 162—164°). The sodium salt which separated during the hydrolysis of fraction 
(ii) was warmed with concentrated hydrochloric acid and filtered. The residue, crystallised 
from alcohol-light petroleum, consisted of diphenyl-4-carboxylic acid (m. p. and mixed m. p. 
221—222°). 

Reactions with Phenylazotriphenylmethane.—(a) With benzene. Phenylazotriphenylmethane 
(5 g.) (Wieland, Popper, and Seefried, /oc. cit.) and benzene (40 c.c.) were gradually heated to 
80°. The yellow solid dissolved, giving a yellow solution, which at about 70° became red and 
evolved nitrogen. The red solution was boiled under reflux for 2 hours. After 12 hours at 
room temperature the red colour had faded to a light straw colour, which did not change when 
the solution was reheated. After the removal of the excess of benzene, two main fractions were 
collected, (i) 0-7 g., b. p. 240—300°, and (ii) 1-0 g., b. p. 340—370°, both of which solidified. 
Fraction (i) was dissolved in 95% alcohol, from which triphenylmethane separated (m. p. 
88—90°); the mother-liquor deposited a mixture of triphenylmethane and diphenyl (m. p. 
45—50°). The residual mother-liquor was now evaporated to dryness and the solid residue, 
which smelled strongly of diphenyl, was heated on the steam-bath with a mixture of con- 
centrated nitric and glacial acetic acids. The crystalline yellow solid which separated on cooling, 
after recrystallisation from light petroleum (b. p. 60—80°), gave 4-nitrodipheny] in yellow needles 
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(m. p. and mixed m. p. 111—112°). Fraction (ii) was boiled with absolute alcohol and filtered. 
The insoluble residue was crystallised from boiling toluene, from which tetraphenylmethane 
separated in fine needles, m. p. 273—275°. The alcoholic filtrate deposited triphenylmethane 
(m. p. and mixed m. p. 90—92°). 

(b) With chlorobenzene. A solution of phenylazotriphenylmethane (10 g.) in chlorobenzene 
(100 c.c.) was heated on the steam-bath. Nitrogen was evolved and the colour of the solution 
changed from orange-yellow to deep red. After the removal of the excess of chlorobenzene 
by distillation, a crystalline solid separated from the residual solution. This was filtered off 
and washed with light petroleum. Recrystallisation from boiling toluene gave tetraphenyl- 
methane (m. p. 273—275°). Distillation of the main product yielded two fractions, (i) 3 g., 
b. p. 250—300°, and (ii) 5 g., b. p. 300—370°, and a dark higher-boiling residue. Fraction (i) 
partly solidified, giving, after filtration and crystallisation from alcohol, triphenylmethane 
(m. p. and mixed m. p. 91—92°). The yellow oily filtrate was heated on the steam-bath with an 
excess of a 10% glacial acetic acid solution of bromine. Hydrogen bromide was evolved. When 
cold, the solution gradually deposited a crystalline solid (m. p. 137—147°), which after re- 
crystallisation from alcohol melted at 157—-158°. On admixture with 4-chloro-4’-bromodiphenyl 
the m. p. was depressed to 130—140°, but no depression was observed on admixture with 
triphenylcarbinol (Found: C, 86-7; H, 6-2. Calc. for CygH,,0: C, 87-7; H, 6-15%). On 
further standing at 0° the acetic acid solution deposited a second crop of crystals, m. p. 153—154°, 
which now gave no depression in m. p. on admixture with 4-chloro-4’-bromodiphenyl (Found : 
C, 53-9; H, 3-1. Calc. for C,,H,CIBr: C, 53-8; H, 3-0%). When the two solids thus obtained 
from the acetic acid solution were mixed, a depression in m. p. of about 20° resulted. Fraction 
(ii), which solidified completely, was boiled with alcohol and filtered. The residue consisted 
of tetraphenylmethane, and the filtrate deposited triphenylmethane. The total weight of each 
of the two hydrocarbons was 2:5 g. 

(c) With nitrobenzene. A solution of phenylazotriphenylmethane (17 g.) in nitrobenzene 
(70 c.c.) was heated on the steam-bath. A steady evolution of nitrogen began at about 70° and 
the clear solution became darker in colour. After the removal of the excess of nitrobenzene, 
distillation was continued up to 265° and some triphenylmethane, together with a small quantity 
of a phenolic product, was collected. Subsequent distillation, carried out below 1 mm. pressure, 
yielded only a small quantity of a colourless solid of unknown constitution (m. p. 240—241° 
after crystallisation from benzene; Found: C, 86-5; H, 5:2%). The greater portion of the 
product consisted of a black tarry non-volatile mass. 


THE UNIVERSITY, MANCHESTER. (Received, September 3rd, 1934.] 





433. Cryoscopy and Association in p-Chlorotoluene. 
By Rona.p P. Bett, E. C. BAUGHAN, and M. W. VAUGHAN-JACKSON. 


THE carboxylic acids are well known to be partly associated to double molecules in the 
vapour state, and the observed vapour densities can be accounted for quantitatively by 
assuming that the equilibrium between single and double molecules obeys the classical 
law of mass action (Drucker and Ullman, Z. physikal. Chem., 1910, 74, 567; Coolidge, 
J. Amer. Chem. Soc., 1928, 50, 2166). Determinations of the apparent molecular weights 
of carboxylic acids in solution also indicate the presence of double molecules in some solvents, 
but the experimental data at present available are not sufficiently accurate to decide 
whether or not the properties of these solutions can be described by a simple mass-law 
equilibrium. 

The only methods of investigation of any value are measurements of elevation of 
boiling point and lowering of freezing point [those of partition coefficients appear at first 
sight to offer a convenient approach, and have been largely used for this purpose, but there 
are difficulties in interpreting the results (cf. Szyszkowski, Z. physitkal. Chem., 1928, 181, 
175; Bell, ibid., 1930, 150, A, 20)]. Previous investigations have shown that at convenient 
concentrations carboxylic acids are in most cases either almost entirely unimolecular (¢.g., 
in ether, acetone, and water) or almost entirely bimolecular (e.g., in benzene and ethylene 
dibromide). In order to study the postulated equilibrium it is necessary either to use very 
dilute solutions in the second class of solvent or to find a more suitable solvent. Peterson 
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and Rodebush (J. Physical Chem., 1928, 82, 709) have measured the freezing points of very 
dilute solutions of acetic acid in benzene (ca. 0-1—0-004N), using a very refined technique 
and covering almost the entire range from 100% single to 100% double molecules. How- 
ever, if their results are used to calculate a mass-action “ constant,”’ this is found to vary 
by a factor of 5, the variations being equally great with any value between 5°10 and 5:23 
for the cryoscopic constant of benzene. Brown and Bury (7bid., 1934, 30, 694) measured 
the freezing points of solutions of carboxylic acids in nitrobenzene, which proved to be a 
much more suitable solvent, but in this case also the results cannot be expressed in terms of 
a mass-action constant. The matter thus stands in need of further investigation; in 
particular, it is desirable to find other solvents which give a suitable degree of association 
at moderate concentrations. It was thought that p-chlorotoluene might resemble nitro- 
benzene in this respect, so it was chosen for the present investigation. Further, the 
molecular state of carboxylic acids in this solvent is of interest in connexion with previous 
work on reaction velocities in the very similar solvent chlorobenzene (Bell, Proc. Roy. Soc., 
1934, 143, 377), where it was found that the catalytic power of carboxylic acids varied 
considerably with their concentrations. 


EXPERIMENTAL. 


Maiterials.—p-Chlorotoluene, prepared from pure p-toludine by the Sandmeyer reaction 
(see ‘‘ Organic Syntheses,” 3, p. 33), was washed with concentrated sulphuric acid, sodium 
hydroxide solution, and water, dried with calcium chloride, and fractionally distilled twice. 
900 G. of p-toluidine afforded 650 g. of a product boiling within 0-1°, b. p. 162-1°/755 mm. 
(uncorr.); f. p. 6-86°, unaltered within 0-001° after a further fractionation. Bloch (Z. physikal. 
Chem., 1913, 82, 408) gives 6-85°, and Beilstein 7-4—7-5° for samples not specially purified. 
The refractive index was nj§° 1-5221, the only previous value being nj#* 1-5193 (Auwers and 
Frihling, Annalen, 1921, 422, 160). 

Benzene was a preparation for molecular-weight determinations; m. p. 5-60°, unchanged by 
partial freezing. Monochloroacetic acid was recrystallised from benzene and dried in a vacuum. 
Di- and tri-chloroacetic acids were pure commercial products. Bromine was dried over 
phosphoric oxide and distilled ina vacuum. Ethyl iodide was shaken with sodium thiosulphate 
solution to remove free iodine, dried with calcium chloride, and fractionally distilled. 

Cryoscopic Constant of p-Chlorotoluene.—The only previous values for this constant are those 
of Auwers (Z. physikal. Chem., 1902, 42, 513), who obtained values ranging from 5-54 to 5-81 by 
the Beckmann method. Preliminary experiments using the same method (with naphthalene 
and camphor as solutes) gave very variable results ranging from 5-7 to 6-2. Each series of 
readings gave concordant values, but an alteration in the vessel or other experimental conditions 
led to large changes in the value of the constant. This behaviour appears to be a characteristic 
of the Beckmann method : for instance, the values given in International Critical Tables for the 
cryoscopic constant of benzene range from 5-09 to 5-23, and it is significant that the latter value, 
which depends on the very accurate work of Jones and Bury (J., 1925, 127, 1947) on the Beck- 
mann method, is in poor agreement with the value of 5-12 derived from the most accurate 
measurements of the latent heat of fusion (Huffman, Parks, and Daniels, J. Amer. Chem. Soc., 
1930, 52, 1547). 

The present work was therefore carried out by using an equilibrium method, 7.e., the solution 
in equilibrium with solid at a known temperature was analysed. Asa check on the method, the 
cryoscopic constant of benzene was also determined. Bromine and ethyl iodide were chosen as 
solutes, since they may both be expected to behave normally, and they can be determined 
accurately by chemical means. Bromine was determined by titrating the iodine liberated from 
potassium iodide, and ethyl iodide by Viebock and Schweppach’s method (Ber., 1930, 63, 2818), 
in which it is oxidised to iodic acid by bromine in the presence of acetic acid, sodium acetate, and 
water (C,H,I + 3Br, + 3H,O —-—> C,H,;Br + 5HBr + HIO,), excess bromine being destroyed 
with formic acid, and the iodic acid titrated in the usual way. This method was tested with 
solutions of known amounts of ethyl iodide in benzene and p-chlorotoluene, and found to give 
satisfactory results; e.g., in p-chlorotoluene, 0-0252, 0-0278, 0-0441, and 0-0712 g. of ethyl 
iodide gave on analysis 0-0251, 0-0276, 0-0439, and 0-0720 g. respectively. 

The thiosulphate solution used in both titrations was standardised with pure iodine and with 
potassium iodate. 

The freezing-point determinations were carried out in a 250 c.c. vacuum flask closed by a cork, 
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through which passed a Beckmann thermometer and a glass stirrer. A third hole served for the 
addition and withdrawal of solution. About 100 c.c. of pure solvent were half frozen, and the 
mush of liquid and fine crystals transferred to the flask. After the f. p. of the pure solvent had 
been taken, 2 c.c. of a solution of bromine or ethyl iodide were added. (The concentration of 
these solutions was chosen so that the addition of 2 c.c. produced a f.-p. depression of 0-2—0-4°. 
Independent tests showed that bromine did not react appreciably with either solvent under the 
conditions of the experiments.) With gentle stirring, a constant temperature was rapidly 
attained, and although it rose slightly on standing (presumably by heat conduction down the 
thermometer), yet on renewed stirring the same reading was obtained over a period of at least 
}hour. When a constant reading had been obtained, about 2 c.c. of the solution were removed 
with a pipette and transferred to a weighed, glass-stoppered flask, after which it was analysed 
as described above. The pipette terminated in a capillary fine enough to prevent the entry of 
any particles of solid solvent. The same procedure was then repeated with further additions of 


solution. 
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The results obtained for the cryoscopic constants of the two solvents are given in Table I, 
where § = f.-p. depression, m = concentration of solute (mols. per 1000 g. of solvent), and 


K = 8/m = cryoscopic constant. 
TABLE I. 


Benzene. 
Bromine. Ethy] iodide. 

é. mM, K. é. m. K. é. m. K. 8. m. K. 
0°450° 0°0879 5:°12° 0°450° 0°0879 5-°12° 0°340° 0°0685  4-96° 0°730° 0°1425 5-°12° 
0901 0°1799 5:07 0°701 0°1370 5°10 0°505 0°0974 5°18 0°945 0°1826 5:17 
1121 0°2208 5-08 0°901 0°1739 5°16 0°670 O°1286 5-21 1-081 0°2085 5:18 
1395 0°2699 5:17 1-096 0°2690 5°12 Mean 5°15 

Mean 5'll 2-001 0°3909 5°11 
Mean 5°12 


p-Chlorotoluene. 


0°550 0°1019 5°40 0°2421 5°54 0-263 0°0468 ‘ 0-880 0°1577 5°58 
0-821 071491 5°51 0°2822 5°74 0°487 0°0875 , 1:066 0°1943 5°49 
1121 0°2002 5°60 | 0°3363 5°50 0°708 0°1283 . 1-262 0°2270 5°56 

Mean 5°54 Mean 5°52 


Mean for both solutes, 5-53. 
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The mean value of the cryoscopic constant for benzene, 5-13, agrees well with Huffman, 
Parks, and Daniels’ value 5-12 (/oc. cit.), and also with that of Bury and Jenkins (this vol., p. 
688), obtained by a much more accurate equilibrium method using six different solutes. The 
method described here can therefore be considered to be reliable. 

The Association of Carboxylic Acids in p-Chlorotoluene.—The f.-p. measurements with carb- 
oxylic acids were carried out in exactly the same way, the acid concentration being determined 
by titration with baryta. The results are given in Table II, and shown graphically in the fig., 
in which the straight line is the theoretical line for complete association into double molecules, 


TABLE II. 
Acids in p-chlorotoluene. 


Monochloroacetic. Dichloroacetic. Trichloroacetic. 

é. m. é. m. 8. m. é. m. é. m. é. m. 
0°16° 0°057 0°52° 0-191 0712° 0-046 “61° =-0°212 0°12° 0°034 0°76° 0°255 
0-27 0-097 062 0:220 0°23 = 0°075 ‘17 = 0298 0°37 0097 O87 0-291 
0-41 01136 0°67 0°226 0-31 0°105 *80 = 0°357 0°41 0°139 
042 0144 O72 0°271 0°58 0°209 87 =: 0302 
0°51 0°190 

with the value 5-53 for the cryoscopic constant. It is seen that the experimental points show no 
systematic deviation from the line, so that all three acids must be present almost exclusively in 
the bimolecular form over the concentration range 0-05—0-35M. -Chlorotoluene is therefore not 
a suitable solvent for a study of the equilibrium between single and double molecules. 

The fact that the molecular state of these acids does not vary with concentration should 
lead to a similar constancy of other physical properties. This was confirmed by measurements of 
the refractive indices of similar solutions at 18°, using a water-jacketed Pulfrich refractometer. 
It was found that the molar refractivity of each acid remained constant within the experimental 
error. It should, however, be pointed out that this constancy does not extend to the catalytic 
powers of the same acids in the very similar solvent chlorobenzene (Bell, Proc. Roy. Soc., loc. cit.) ; 
e.g., the catalytic power of trichloroacetic acid varies from 3-5 to 2-0 over the range 0-05—0-35M. 
The cryoscopic results in p-chlorotoluene make it very improbable that the extrapolated catalytic 
constants in chlorobenzene refer (as previously supposed) to the single carboxylic acid molecules. 
This point is being further investigated. 


SUMMARY. 


(1) The cryoscopic constant of purified p-chlorotoluene has been determined by an 
equilibrium method, giving the value 5°53 per mol. of solute per 1000 g. of solvent. 

(2) Mono-, di-, and tri-chloroacetic acids were found cryoscopically to be entirely bimole- 
cular in p-chlorotoluene over the concentration range 0°05—0°35 mol. per 1000 g. 

(3) The molar refractivity of these acids was found to be constant over the same con- 
centration range. 


PHYSICAL CHEMISTRY LABORATORIES, 
BALLIOL COLLEGE AND TRINITY COLLEGE, OXFORD. [Received, May 25th, 1934.) 





434. Notes on the Preparation of Pure Europium, Gadolinium, and 
Terbium Compounds. 


By JosepH K. MArRsH. 


1. Europium.—Since the discovery by Yntema (J. Amer. Chem. Soc., 1930, 52, 2782) 
that europium sulphate could be reduced to a highly insoluble europous sulphate at a 
mercury cathode, an easy method of preparing pure europia has been available, but the 
form of apparatus he employed was not designed for more than small quantities of material. 
By reaction at an amalgamated lead cathode, however, it is now shown that europia can be 
separated quantitatively in one operation from a 3% mixture with gadolinia. The 
apparatus is in the form of a simple battery cell with large cathode and low resistance, and 
would appear to be capable of being adapted to handle large amounts of material. 
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35 G. of the mixed oxides were converted into chlorides and mixed with 1 1. of N/2-sulphuric 
acid. A clean lead sheet was amalgamated and bent to slip inside a 1500 ml. beaker on the 
bottom of which was a layer of mercury, giving with the lead a cathode area of 500 cm.?. The 
anode of platinum was placed in N-sulphuric acid in a central porous pot. The rare-earth solu- 
tion was electrolysed with a current of 5 amps. at 4—5 volts. A deposit of europous sulphate 
began to form after } hour. After 3 hours, the temperature had risen to 40°, and the cell was 
placed in cold water. After 6 hours the europous sulphate was collected. A further 4 hours 
gave a slight additional yield. 

Owing to corrosion, it is important that the cathode should not remain in the bath when 
current is not passing. It must be kept bright and clean, but even so, steps should be taken to 
separate the europium from lead. 

The separation from gadolinium appeared to be quantitative, and the europium was of good 
quality. A second reduction afforded material of the highest purity. 


2. Gadolinium.—tThe separation of gadolinium from terbium has always been more 
troublesome than that from europium. The solubility of the double magnesium nitrate is 
very great, and conversion into double nickel nitrate or into simple nitrate is commonly 
recommended. The latter gives a purer product but only after a laborious fractionation. 

Terbium shows less tendency than gadolinium to form a double magnesium nitrate. 
Terbium is the link between the cerium earths down to gadolinium, which give double 
magnesium nitrates, and the yttrium earths from dysprosium onwards, which do not; it 
therefore quickly concentrates in the mother-liquors, leaving a double magnesium nitrate 
yielding a pure white gadolinia. The objection to the fractionation of gadolinium 
magnesium nitrate is its high solubility, which exceeds that of magnesium nitrate, but this 
may be countered by the liberal admixture of bismuth magnesium nitrate. 


The double magnesium nitrates of gadolinium are crystallised from nitric acid (d 1-3), and 
bismuth magnesium nitrate is continually added to the tail fractions. If simple salts separate, 
they may be redissolved in the course of a day by seeding with bismuth double salt, and double 
salts then crystallise; this seeding of the cooling solution was adopted as a matter of routine, 
and fractionation then proceeded rapidly. On no account must the mother-liquor be poured 
from a fraction in which the simple salts have separated, for the amount of magnesium in the 
remaining solid will thereby be rendered excessive. The volume of mother-liquor in each 
fraction should be small, and a cool place for crystallisation is desirable. 

The final removal of bismuth is best effected by heating the material to 130°. The con- 
sistency will then be creamy, the water of crystallisation will be lost, and much of the bismuth 
will have separated as basic nitrate. On treatment with water near the boiling point, nearly all 
the bismuth will be precipitated as a dense deposit (violent bumping is liable to occur); the 
amount of water required for this hydrolysis is not excessive if the first heating has been carried 
to the right point. The remainder of the bismuth is easily removed by hydrogen sulphide. It 
is not desirable to omit the hydrolysis and rely on removal by hydrogen sulphide alone. 


3. Terbium.—James (J. Amer. Chem. Soc., 1914, 36, 10) studied the possibility of utilising 
the dimethylphosphates, where the rate of change of solubility from one earth to another 
is almost the highest known; he noted as a disadvantage that there was a tendency to the 
formation of a troublesome colloidal precipitate, but the author has now minimised this 
difficulty and thereby achieved a highly efficient purification. 


The starting material consisted of the bromates of gadolinium, dysprosium, and terbium, 
which had already been fractionated from a crude mixture about 170 times till much of the 
first two metals had been almost freed from terbium and eliminated. Traces of neodymium 
were also present in the series. The bromate fractions were united in pairs and converted into 
oxides. Most gave dark oxides, the lightest being of a pale ochre colour. The oxides were 
mixed with water to a thin cream in mortars and the dimethylphosphoric acid added. On 
standing, union took place and the mixtures hardened. To effect attack on the richer terbium 
fractions (darkest oxides) it was necessary to add hydrogen peroxide. The products were ground, 
and lixivated with ice water, any residue of oxide being again treated with the acid. 

Solutions should be nearly saturated when cooled with ice, and crystallisation effected by 
warming them slowly in a water-bath to 40—50°, the troublesome hydrolysis being minimised 

6N 
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if the latter temperature is not appreciably exceeded. Since crystallisation occurred as a cotton- 
wool-like deposit on all the sides of the beaker, occasional stirring was required to facilitate heat 
transference, and filtration was then necessary for the separation of the crystals; for this purpose 
a coarse, sintered, Jena-glass funnel was effective. A large amount of material was quickly 
eliminated at the head, giving a buff-coloured oxide, and neodymium was very soon found at the 
tail. Only about six fractions separated a nearly pure dysprosium at the head from approxi- 
mately pure terbium. Gadolinium was even more quickly concentrated at the tail. The series 
consisted of 15—20 fractions. When most of the dysprosium had been removed, the crystals 
were coarser, and if the solution was undisturbed on warming, decantation was possible without 
filtration; 30—50% of the mother-liquor, however, then remained with the crystals. Never- 
theless, efficiency was unimpaired, as re-solution of the crystals was much facilitated, the tightly 
felted wad from filtration having presented some difficulty. 

Final control of the fractionation was secured by observation of the arc lines of gadolinium 
in the tail fractions and observations of the absorption bands of dysprosium in the head, in 
particular the strong band 4 3871. At first, observation of the colour of the oxide was sufficient. 
About 15 g. of material in which neither neighbour could be detected were finally prepared, anda 
larger quantity of material only a little less satisfactory. 

Soluble terbium salts, usually described as colourless, possess a very faint pink tint when 
seen in sufficient quantity. The tint is much weaker than for europium, but is in conformity 
with the possession of a weak blue-green absorption band; further, it completes the symmetry 
in sequence of the colours of the rare earths centred round gadolinium (No. 64), viz., 63 and 65, 
faint pink; 62 and 66, yellow; 61 (?) and 67, orange; 60 and 68, red; 59 and 69, green; 57, 
58, 70, 71, colourless. 


Freed (J. Amer. Chem. Soc., 1931, 53, 3906) has drawn attention to the probability that 
unsolvated salts of the rare earths should prove suitable for fractionation, on account of 
known differences in ionic radii. The dimethylphosphates are an example of such salts, 
but whether this is the real cause of their suitability is doubtful. It is noteworthy that the 
salts which in several instances show an unusually great range of solubility among the rare 
earths are those which may be described as mixed aliphatic—inorganic, viz., cacodylates, 
dimethylphosphates, ethylsulphates. These monobasic derivatives show an increased 
solubility over the arsenates, phosphates, and sulphates respectively. In general, the 
rare-earth salts of polybasic acids are of low solubility, but in such salts the ionic radii of 
the earths should play a more important part. The influence of the size of crystal unit may 
probably be traced in the common behaviour of a remnant of a less soluble salt in failing 
to concentrate with the bulk at the head, even on prolonged fractionation. Solubility is 
the chief factor in the separation, but it must be supposed that when the tail crystals pass 
a certain point in composition their lattice is no longer of a size which will accommodate the 
deposition of a unit of the head material, and in effect the latter acquires a greater solubility. 
If, now, change is made to a salt with a reverse order of solubility, rapid expulsion of the 
impurity is effected, for solubility and lattice dimensions will no longer be opposed. The 4% 
change in length of unit face of the rare-earth oxides between samarium and ytterbium 
would appear to be a very unfavourable property on which to base a method of separation 
when compared with the 3000% change between the solubilities of samarium and ytterbium 
dimethylphosphates. 


SUMMARY. 


Pure europous sulphate may be separated electrolytically in one or two steps from 
material with a low (3%) europium content. 

Conditions are described for the efficient purification of gadolinium by fractionation of 
double magnesium nitrates. 

Fractional crystallisation of the dimethylphosphates has proved efficient in yielding 


very pure terbium. 
The probably real, but small, influence of changes of lattice dimension during the 


process of fractionation is discussed. 


THE QUEEN’S UNIVERSITY OF BELFAST. [Received, October 23rd, 1934.] 
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435. Studies in Chemisorption on Uharcoal. Part V. The Influence 
of Ultraporosity on Adsorption. 


By ALEXANDER KING. 


THE term ultraporosity (Ultraporositat) was first introduced by Herbst (Biochem. Z., 1921, 
115, 204) to explain why carbon dioxide was adsorbed to a larger extent on a certain 
charcoal than sulphur dioxide, it being assumed that the sulphur dioxide molecule was 
considerably larger than that of carbon dioxide and therefore unable to enter the ultrapores. 
Actually, there is little difference between the two molecular diameters, and under compar- 
able conditions sulphur dioxide is adsorbed to a markedly greater extent than carbon 
dioxide; nevertheless, this concept of the inaccessibility of small pores to large molecules 
is useful and has been retained. 

An example of an almost perfect molecular sieve is afforded by the zeolite, chabesite, 
whose structure is extremely regular, the pores being, according to Schmidt (Z. phystkal. 
Chem., 1928, 188, 280), approximately 3-5 A. in diameter. The mineral is thus able to 
adsorb small molecules such as those of water and methyl and ethyl alcohols, but ether, 
benzene, and larger molecules are almost completely excluded. Charcoal does not exhibit 
such a definite effect, for its pores are not so uniform; the deviation from a constant pore 
size is not, however, sufficiently great to exclude the effect, but merely obscures its influence. 

Bell and Philip (this vol., p. 1164), in measuring the areas of charcoals by the adsorption 
of various materials from solution, noticed that while the adsorption of benzoic acid in- 
creased regularly with time of activation in air at 800°, naphthalenesulphonic acid did not 
begin to be adsorbed until after 6 hours and methylene-blue until after 10 hours’ activation. 
This they explain as being due to the gradual opening up of pores by progressive oxidation, 
more highly activated charcoals having larger pores and therefore being capable of ad- 
sorbing larger molecules. 

Further evidence of the influence of the size of ultrapores on the magnitude of adsorption 
has been derived from the study of the adsorption of fatty acids from solution. It was 
found by Traube that the adsorption of monobasic aliphatic acids at the water-air inter- 
face increased with the number of carbon atoms in the molecule, thus agreeing with Gibbs’s 
equation for the increasing capillary activity up the series of these acids, at the same 
interface. Although most charcoals obey this rule, yet some adsorb quantities of fatty 
acids in the reverse order to that required by it. Dubinin (Z. physikal. Chem., 1930, 150, 
145) discovered that prolonged activation in air reversed the order of magnitude of ad- 
sorption of propionic, valeric, and heptoic acids on such charcoals, so that Traube’s rule 
was finally obeyed, presumably owing to the increase in pore diameter on oxidation. 

In the present research, the work of Bell and Philip and of Dubinin has been extended 
to cover a larger range of conditions and materials, other effects of progressive activation 
have been investigated, and the whole correlated from the viewpoint of the ultraporosity 
concept. 


EXPERIMENTAL. 


All the charcoal used in the present work was ash- and hydrogen-free; its preparation is 
described elsewhere (King and Lawson, Kolloid-Z., 1934, 69, 21). Activation was carried out 
in a silica tube furnace, wound so as to ensure as uniform heating as possible within an 8 in. 
region, in the middle of which the charcoal was supported in two-tier silica trays. The greatest 
difficulty in obtaining reproducible results with pure charcoal lies in the fact that the surface 
layers are more extensively oxidised than, and even different in appearance from, the substance 
underneath. In these activations an attempt was made to reduce this effect to a minimum by 
the use of shallow layers, and by thorough mixing before a sample was taken out of the furnace. 
The ends of the furnace tube were closed except for inlet and outlet tubes for the activating 
gas and a pyrometer tube. The oxygen for activation was in all cases passed from a cylinder 
through three bubblers, the first containing pure water and the other two saturated calcium 
chloride solution, Kolthoff (J. Amer. Chem. Soc., 1932, 54, 4473) having shown that moist oxygen 
is more effective than the dry gas. The rate of flow was reasonably uniform after the initial 
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10 minutes, being about 5 c.c./min. Divergences from this rate caused marked differences in 
the activity of the charcoal. 

The trays of charcoal were introduced into the furnace when it had attained the temperature 
at which the activation was to be carried out; after various times, they were pulled out by 
means of a hooked glass rod, samples taken, and the charcoal returned to the furnace for further 
activation. The total time of activation varied from 30 to 48 hours. The samples were then 
weighed, and immediately shaken with the solutions of the required adsorbents, so that the slow 
formation of the surface oxide of carbon, which is characteristic of lower temperatures and has a 
marked effect on the adsorption of acids, should be minimised. In the present work the adsorp- 
tion of acids was studied wherever possible, as they alone are freely adsorbed on every type of 
oxide surface. 

In every experiment, 50 c.c. of the solution (N/50 in all cases except H-acid, eosin, and 
Congo-red, which were more dilute) were measured into a tube containing about 0-5 g. of char- 
coal, well shaken during 24 hrs., filtered, the first runnings rejected, and a 25 c.c. portion titrated 
with N/50-baryta solution. The eosin and Congo-red were estimated colorimetrically. Re- 
sults are expressed throughout as equivs. x 10-5 adsorbed by 1 g. of charcoal, except for eosin 
and Congo-red, where mg. are used to show better the relative adsorption. 


Results. 


(1) The Effect of Progressive Oxidation on the Adsorption of Molecules of Different Size.—The 
adsorption of a series of compounds of increasing molecular size [benzoic, phenylacetic, phenyl- 
propionic, and aminonaphtholdisulphonic (H) acids, eosin, and Congo-red] were measured on 
charcoal which had been activated for different times and at different temperatures. The 
results are shown in Table I. 


« 


TABLE I. 
Time of 
actvn., Congo- 
hrs. CH,°CO,H. C,H,°CO,H. C,H,°CH,°CO,H. C,H,*CH,°CH,°CO,H. H-Acid. Eosin. red. 
Activation in oxygen at 450°. 
24°6 45°4 6°7 
26-0 , 63°6 49°8 
31-2 . 67°0 73°4 
33°2 x 82°5 88°4 
34°4 ’ 90°8 100°2 
34°6 5° 106-2 116°4 


Activation in oxygen at 710°. 
45°4 6°7 
68°2 64°2 
84°0 81°4 
91°5 88°8 

103-2 97-2 
138-0 138-0 
154°6 176°4 
209°2 212°4 
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Activation in oxygen at 950°. 
45:4 P 
61°5 ‘ 
87°1 
104°8 115-0 
141°3 128-9 
180°4 185 
226 228 
226 228 


Activation by carbon dioxide at 950°. 
24°6 51°8 45°4 6-7 
38°4 68°5 59°8 60°1 
48°0 81°6 86°6 83°7 
57°6 103-0 101-2 108°4 
64°6 119°9 129°0 134°4 35°2 
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The smallest molecules (acetic, benzoic, and phenylacetic acids) are all adsorbed to a consider- 
able extent on the unactivated charcoal, and activation produces a regular increase in the amount 
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of adsorption with time, corresponding to a gradual increase in the surface area by oxidation. 
The pores of unactivated charcoal thus seem to be sufficiently large for the complete penetration 
by those molecules. 

Phenylpropionic acid, on the other hand, although appreciably adsorbed by the unactivated 
charcoal, is adsorbed nearly 8 times as much by charcoal! which has been activated for 2 hours, 
a process which gives only a 6% increase for acetic acid under the same conditions. Subsequent 
increase in adsorption is much less, being only 19% in the final 19 hours of the activation. This 
behaviour is to be explained on the assumption that the average pore size is just a little larger 
than the effective diameter of the phenylpropionic acid molecule, and that a short oxidation, 
increasing the diameter of the ultrapores, makes a comparatively large surface available for the 
adsorption of these molecules. Still further oxidation opens a few of the smaller pores to this 
critica] size, and also increases the adsorption, as in the case of the smaller molecules, by in- 
creasing the surface area generally. This effect is still more noticeable in the case of the larger 
molecules of H-acid and eosin, which are not adsorbed appreciably until the charcoal has been 
oxidised for 4 and 11 hours respectively. Congo-red, with still bigger molecules, cannot enter 
any of the pores even after 30 hours’ oxidation of the charcoal. 

The low activity of the 450°-activated charcoal for acids is not to be ascribed entirely to the 
restricted oxidation at that temperature, but to the fact that this is the optimum temperature 
for the formation of the acidic surface oxide of carbon which inhibits to some extent the ad- 
sorption of acids; e.g., on the 450° charcoal the adsorption of acetic acid is 34-4 at the point 
where the pores are sufficiently open to allow the adsorption of eosin to become first measurable, 
but on the 710° charcoal which has a basic oxide film, the adsorption becomes 61-8 for the same 
pore size. At this temperature, the adsorption of even the smaller molecules which have access 
to all the ultrapores becomes much greater after an oxidation lasting only one hour, while after- 
wards it increases gradually, as on the 450° charcoal. This is due to the rapid displacement of 
the acidic surface oxide, characteristic of low temperatures, by the basic oxide formed at 710°. 
The first hour’s oxidation is sufficient to allow the free access of the phenylpropionic acid mole- 
cules to the ultrapores, the adsorption of this substance rising from 6-7 to 64-2, while H-acid, 
whose adsorption could not be detected in the unactivated charcoal, has the value 11-4. Congo- 
red is still unadsorbed after 30 hours, but the eosin adsorption can be detected after 7 hours’ 
activation. Again, the 950° oxidation has some different features from those already dis- 
cussed. The increase in adsorption during the initial period is smaller, and in spite of a pre- 
sumably more extensive oxidation, the adsorption in the case of the smaller molecules is always 
less than at the corresponding time at 710°. This is due to the appearance of still another 
factor, viz., graphitisation, which sets in at high temperatures and partly counteracts the effect 
of oxidation. This is most noticeable after long times of heating, the adsorption of H-acid, 
eosin, and Congo-red actually decreasing between the 30-hour and the 48-hour charcoal. The 
effect of graphitisation on the smaller molecules is not so marked, but there is little increase 
in the adsorption of the first four members of our series during the final 18 hours’ treatment. 

In spite of the deactivating influence of graphitisation, the increase in pore size is more rapid 
at this temperature than in the other cases, the adsorption of eosin being noticed after 4 hours, 
and that of Congo-red, which had not been adsorbed by any of the lower-temperature activated 
charcoals, after 11 hours. 

Carbon dioxide reacts readily with charcoal at high temperatures, torming the monoxide and 
removing some of the charcoal. In this way it has the same effect as oxygen and might be 
expected to produce the same type of surface. It was found that in each case the amount of 
material adsorbed by this charcoal was very much the same as in the oxygen acvivation at the 
same temperature. Adsorption of eosin was first noticed after 4 hours, and that of Congo-red 
after 11 hours, just as with the oxygen-activated charcoal. The carbon dioxide-activation has, 
however, one advantage over that with oxygen, in that the total loss of weight of charcoal is 
much less, oxidation being less drastic. 

In all the sugar charcoals tested, the pore size was that of the sample used above, or even less ; 
several wood charcoals were found which had pores large enough to enable them to adsorb 
Congo-red after much shorter periods at lower temperatures, but in order to eliminate the possi- 
bility of the results being influenced by impurities and to test the effect of progressive oxidation 
on the entrance of smaller molecules, the ash-free sugar charcoal was used throughout. 

(2) Progressive Oxidation and Traube’s Rule.—In the above experiments the three acids, 
benzoic, phenylacetic, and phenylpropionic, form a series to which Traube’s rule should apply : 
the amount of adsorption should increase with molecular weight. On the unactivated charcoal 
with small ultrapores, the reverse is found to be-true, but at each temperature this was finally 





1978 King: Studtes in Chemisorption on Charcoal. Part V. 


reversed on prolonged oxidation either with oxygen or with carbon dioxide, showing that all 
the pores were finally accessible to all these molecules. 

In order to extend this observation, the effect of progressive activation on the adsorption of 
the aliphatic fatty acids was studied with two charcoals, a purified sugar charcoal and an impure 
charcoal, produced by the combustion of molasses at 450°. The results are in Table II. 


TABLE II. 


The effect of progressive oxidation at 450° on the adsorption of fatty acids. 


= Pure sugar charcoal. Molasses charcoal. 
hrs. H-CO,H. CH,-CO,H. C,H,-CO,H. C,H,-CO,H. C,H,-CO,H. H-CO,H. CH,-CO,H. C,H,°CO,H. C,H,-CO,H. C,H,-CO,H. 
0 21°4 25°3 39°2 46°8 42°8 124 132 108 97°8 90°2 
1 23°7 28°4 42°4 50°4 50-0 217 247 231 182 164 
25-0 29°6 50°8 64°4 82°8 — — — _— —_ 
4 —_— — —- -- —- 251 272 269 255 251 
6 — — —- —— —- 274 280 291 289 287 
12 -— -— — - —- 289 297 309 315 308 


The pores in the pure sugar charcoal, as might be expected from the foregoing experiments, 
are sufficiently large to allow the entrance of the molecules of all the acids employed, and Traube’s 
rule is obeyed for the unactivated charcoal by the first four members of the series, the fifth and 
largest being adsorbed to a less extent. This is clearly due to the fact that there is a small 
proportion of pores not sufficiently large to allow the adsorption of valeric acid. Oxidation 
for one hour lessens the anomaly, and valeric and propionic acids are then adsorbed to approxi- 
mately the same extent; after 3 hours’ oxidation, all the pores are sufficiently large to allow all 
the acids to enter normally, and the rule is obeyed. 

The impure molasses charcoal had pores of considerably smaller diameter, although its 
higher activity indicated that it had more of them; hence Traube’s rule was reversed except 
for formic and acetic acids. Once again, oxidation gradually reversed this, and after 12 hours 
only the valeric acid molecules were too large to penetrate all the pores. 

The activity of the molasses charcoal was very much greater than that of the pure sugar 
charcoal, due to a large extent to its lower temperature of formation. The activity of this 
impure charcoal almost doubled during the first hour’s heating in oxygen, presumably owing to 
the removal of hydrocarbons by the gas stream. After this initial period, the activation took 
place in much the same way as with pure charcoal. 

(3) Evacuation of Charcoals.—The large increase in activity of impure charcoal on initial 
treatment with oxygen seemed to be a direct proof of the removal of hydrocarbons and other 
volatile surface impurities as one of the mechanisms of activation. Evacuation of such a char- 
coal was therefore carried out to determine if that process had the same type of effect and if it 
altered the size of the pores appreciably ; a ‘‘ Hyvac’”’ pump was used, the charcoal being heated 
in a silica test-tube in an electric furnace. The unevacuated charcoal had a rich black colour 
and a faint amine-like odour. Evacuation at 450° did not remove this entirely, but the product 
of evacuation at 1000° had no smell and was steel-grey in appearance. A considerable amount 
of tarry matter collected in the liquid-air traps. The results are in Table III. 


TABLE III. 
Effect of activation on the activity of impure charcoal. 





Temp. of 
evacn. H-CO,H. CH,’CO,H. C,H,°CO,H. C,H,°CO,H. C,H,°CO,H. 
(unevacuated) 118 132 107 97°8 90°2 
450° 122 171 176 188 178 
1000 129 182 187 195 193 


Evacuation at 490° caused a very large increase in activity for all the substances used, owing 
to the removal of organic impurities. That this was the real reason for the increase in activity 
was shown by a similar experiment with pure charcoal whose activity for benzoic acid increased 
only from 51-8 to 59-5 on evacuation at 1000°. With the impure charcoal also, the activity in- 
creases relatively little more on evacuation at 1000° than at 450°, most of the volatile impurities 
being removed at quite low temperatures. In the evacuation of the pure charcoal, the increase 
in activity must be ascribed to oxidation by means of the oxygen already chemically held on 
the surface, i.e., to partial or complete removal of the surface oxide film, thus resulting in a 
slight increase in area and pore diameter. 
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The purification of the molasses charcoal by evacuation naturally empties the ultrapores 
and increases their diameter, so much so that Traube’s rule becomes valid except for valeric 
acid even after the 450° evacuation, an effect which requires 12 hours’ heating in oxygen at the 
same temperature to complete, although the activity, and hence the general surface area, is 
increased to a greater extent by oxidation than by evacuation. Evacuation is thus an excellent 
way of increasing the pore size of unactivated charcoals. 

(4) The Effect of Progressive Oxidation on the Density of Charcoal.—It is obvious that the 
ratio of the volume of the pores to that of the solid in an adsorbent will determine its density, 
and as the same ratio expresses the area of surface available for adsorption, the density must be 
proportional to the adsorption capacity. This was found to be the case by Chaney, Ray, and 
St. John (Ind. Eng. Chem., 1923, 15, 1244) for gas-mask charcoals. 

The determination of the density of charcoal is complicated by the fact that it varies with the 
immersion liquid, owing to the different wetting properties and powers of penetration which the 
latter may possess; for instance, Cude and Hulett (J. Amer. Chem. Soc., 1920, 42, 391) give 
1-854 as the density of a charcoal measured in water and 1-797 in benzene. Differences in 
particle size and temperature of out-gassing also cause relatively large differences in the value of 
the density. Most experimenters recommend that the charcoal should be evacuated at 700— 
800° before its density is determined, but this causes displacement, not only of adsorbed gases, 
but also of the chemically held oxide film. Such a treatment therefore causes radical changes 
in the surface of the charcoal and, as we have 
seen, alters the size of the pores considerably. 

We conclude that the density of a charcoal 
evacuated at a high temperature is character- 
istic of its properties after that process but not 
before. B - A 

In the present determinations, a charcoal of 
particle size 100—200 mesh was chosen, and its 
density measured immediately, and after various 
times of activation in oxygen at 450°. The 
measurements were made in a special pykno- 
meter of the type illustrated in the fig. The 
charcoal was introduced at the funnel at the top 
of the pyknometer which was sealed off at A. 

It was then placed in a boiling water-bath and 

evacuated with a ‘‘Hyvac”’ pump for 5 hours to 

remove nitrogen, moisture, and other physically held substances but not the oxide film, sealed 
at B, and weighed. The pyknometer was now completely filled by carefully breaking the 
constriction C under the surface of boiled-out distilled water. It was found, in agreement with 
the work of Cude and Hulett (/oc. cit.), that penetration was not complete till after about one 
month, the specific gravity increasing gradually during that period. This was very much less 
with the charcoals activated for longer times, and is obviously another ultrapore effect. After 
equilibrium had finally been established, the pyknometer, with its contained charcoal and water, 
was weighed, the charcoal removed, the pyknometer weighed full of water, and then finally 
when empty and dry. The results were : 
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The density thus increases steadily with time of activation, indicating an increase in the pore 
volume of the charcoal, corresponding to that found from the adsorption experiments. It is 
interesting to note, in conjunction with the above facts, that the bu/k density of the charcoal 
used decreased from 0-58 for the unactivated material to 0-38 after 48 hrs.’ activation at 950°. 







DISCUSSION. 


Many determinations of the surface areas of charcoal have been carried out, and many 
theories based on the results calculated from them. It is interesting to regard some of 
these determinations from the point of view of ultraporosity. The results of Paneth and 
Radu (Ber., 1924, 57, 578, 1221) for the areas of different charcoals measured by the 
adsorption of different substances have become almost classical and are quoted below : 
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Carbo animalis Lime charcoal Bone charcoal Sugar charcoal, 
(Merck). (Kahlbaum). (Kahlbaum). activated. 


Adsorbed .  Mols. *" Mols. * “ Mols. " “ Mols. 

substance. : x 107°, = m?. x 107°, = m?. x 107, m?, x 10°, m?*, 
Methylene-blue 4°14 220 1°89 101 3°17 168 0°47 24°8 
Ponceau-2R 1:90 119 0°98 61 1°65 103 0 0 
Acetone 18°5 452 11:0 268 14°7 359 2°29 55°9 





It is at once obvious that the calculated surface, m?, varies greatly with the substance 
used to measure it, the large dye molecules being adsorbed to a less extent than the small 
molecules of acetone, or, as we prefer to imagine it, being unable to enter the smaller pores. 
This is especially noticeable in the case of sugar charcoal, whose pores are smaller than those 
of animal and wood charcoals (see p. 1977), allowing the adsorption of acetone and, to a 
smaller extent, of methylene-blue, but not of Ponceau-2R. In each of the other charcoals 
investigated by Paneth and Radu, the area calculated from the adsorption of Ponceau-2R 
is less than that from methylene-blue and still less than that from acetone—there are fewer 
pores sufficiently large to allow the entrance of the large molecules. The area calculated in 
each case indicates, not the total area of the charcoal surface, but that available to the 
molecule in question. 

The magnitude of adsorption on a given charcoal must depend on both the physical and 
the chemical nature of the adsorbate and adsorbent. In the former category are to be con- 
sidered the available area of the adsorbent, and the relative sizes of its pores and of the 
molecules adsorbed ; in the latter, the chemical condition of the surface, the properties of 
the specific surface oxide that may already be adsorbed (e.g., in the case of the adsorption 
of water, see King and Lawson, Trans. Faraday Soc., 1934, 30, 1094), and the chemical 
nature of the adsorbed molecules. Not only does the actual group forming the linkage 
with the carbon or surface oxide influence the adsorption, but also the orientation of the 
adsorbed molecules to give strong or weak subsidiary valency forces on the surface, which 
will or will not tend to form a second adsorbed layer. 

If the functions of ultraporosity and of the surface oxides of carbon in determining the 
adsorption are appreciated, it begins to be possible to understand the reasons for the 
existence of charcoals with specific properties. For instance, a charcoal activated for a 
short time at 450° and covered with the low-temperature oxide film would adsorb bases 
readily, acids of small molecular size to a less extent, and acids of larger molecular dimen- 
sions only inappreciably. A charcoal activated for a longer period at the same temperature 
would adsorb large-molecule acids as well. A 750°-activated charcoal would adsorb acids 
strongly, especially if heated for a considerable time, the larger organic acids being adsorbed 
but all bases excluded. 


SUMMARY. 


(1) The effect of progressive activation of ash-free charcoals on the adsorption of mole- 
cules of different size has been studied. It is found that the larger molecules are only 
appreciably adsorbed at a comparatively late stage in the oxidation, and this is ascribed to 
a gradual increase in the pore size. 

(2) Traube’s rule is invariably obeyed if the ultrapores are sufficiently enlarged by 
oxidation. 

(3) The density of charcoal increases regularly with time of oxidation. 

(4) The pore diameter of charcoals is increased by evacuation, the activity of impure 
charcoals increasing greatly and that of pure charcoals less. 

(5) The concept of ultraporosity is applied to the results of other workers on the area of 
charcoals, and reasons are put forward for the specific nature of adsorptions by certain 
charcoals. 


IMPERIAL COLLEGE, LONDON, S.W. 7. [Received, November 1st, 1934.] 
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436. Reactions of Unsaturated Compounds. Part III. Addition of 
| Arylamines to Butadiene. 


By W. J. HICKINBOTTOM. 


THE behaviour of butadiene towards aniline and p-toluidine presents several features of 
interest. It is well known that At-unsaturated ketones, acids, and esters containing 
conjugated linkages combine additively with ammonia and primary and secondary amines 
to furnish 8-amino-ketones, -acids, and -esters (Blank, Ber., 1895, 28, 145; Goldstein, 
ibid., p. 1450; 1896, 29, 813; E. Fischer and Scheibler, Annalen, 1911, 383, 339; Stoermer 
and Robert, Ber., 1922, 55, 1030; Tambor and Wildi, Ber., 1898, 31,349; Morsch, Monatsh., 
1932, 60, 50). Butadiene does not behave in this manner, for even when heated with 
aniline at 260° for 24 hours it merely polymerises and the aniline is recovered unchanged. 
It appears to be a legitimate inference from this result that the saturation of the double 
bond of At-unsaturated ketones and esters by amines is not primarily dependent on the 
conjugated system of double bonds. The determining factor would appear to be the carb- 
onyl group, which is known to react with amines under certain conditions. This, coupled 
with a suitable disposition of the double bond, serves to complete the reaction (compare 
Lapworth and McRae, J., 1922, 121, 2742; Kolker and Lapworth, J., 1925, 127, 309). 
Another conclusion is that, in spite of the activating influence of the amino-group on 
nuclear substitution, it appears to be unable to promote the fusion of butadiene with the 
aromatic nucleus in the manner of the diene syntheses described by Diels and Alder (1928— 
1932). 
Aniline and butadiene react at 240—260° in presence of aniline hydrochloride or hydro- 
bromide. The principal products are «-p-aminophenyl-A-butene and «-anilino-A*-butene 
(I and III respectively; R= CH,*CH‘CHMe). «-f-Aminophenyl-A’-butene yields a 


NHAc NH, NHAc NHR NH-CHMe-CH:CH, 


6 — (> Ose C 


CO,H 
(II.) (I.) (III) (IV.) 


NH, NHR NHR 


Paraeer CO) a 


Me Me 
(V.) (VI.) (VII.) 


[R = CH,*CH:CHMe.] 


crystalline hydrochloride and a sparingly soluble sulphate; its salts are diazotised normally 
in aqueous mineral acid solution. The acetyl derivative of (I) combines additively with 
bromine to form a crystalline dibromide. On hydrogenation it takes up two atoms of 
hydrogen; the product is p-acetamido-n-butylbenzene (II), thereby establishing that the 
aminoaryl group is attached to the terminal atom of the butenyl group. Oxidation of the 
acetyl derivative of (I) with permanganate yields ‘acetaldehyde, a result which is only 
consistent with the double bond being situated between the ®- and the y-carbon atom. 
Further oxidation of the acetyl derivative furnishes p-acetamidobenzoic acid, thus confirm- 
ing the orientation of the amino-group with respect to the side chain. 

The amine (III) was purified through its mitrosoamine. The structure assigned to the 
amine depends on the formation of acetaldehyde when its acetyl derivative is oxidised with 
permanganate. Hydrogenation of the amine or its acetyl derivative did not give satisfactory 
results owing to the comparatively slow absorption of hydrogen. 

During the reaction between butadiene and aniline in the presence of a suitable catalyst, 
other products are formed in amounts depending on the experimental conditions. They 
consist of mono- and di-secondary, di-primary, and mixed primary secondary amines 
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resulting from the further condensation of aniline and butadiene with the primary products 
(I) and (III), but cannot be separated in a pure state owing to similarity in boiling point 
and the absence of suitable crystalline derivatives. 

A less complex result is obtained when #-toluidine is heated with butadiene in presence 
of p-toluidine hydrochloride. The main products are «-p-toluidino-A®-butene (VI) and 
4-butenylamino-3-butenyltoluene (VII). 

The main reaction of butadiene with aniline or p-toluidine in presence of a suitable 
catalyst is therefore substitution in the amino-group or in the aromatic nucleus with the 
formation of primary and secondary amines. It follows, therefore, the general behaviour 
of arylamines with simple olefins (J., 1932, 2646; this vol., p. 319), and this may now be 
considered the normal behaviour of an unsaturated hydrocarbon when heated with aniline 
and aniline hydrochloride. 

In addition to the products already mentioned, the reactions described furnish small 
amounts of indole derivatives. Thus from aniline, aniline hydrochloride, and butadiene, 
2 : 3-dimethylindole is formed, the yield being approximately 0°4% of the theoretical ; 
p-toluidine furnishes 2 : 3 : 5-trimethylindole in about 2% yield. The formation of indoles 
is of interest in that it appears to be an example of ring formation in which butadiene 
reacts in the By-position. In all the hitherto recorded cases of ring formation by the 
combination of butadiene with suitably constituted compounds, reaction occurs in the 
a8-position (compare Alder, ‘‘ Methoden der Dien-synthese,” 1933). The examples now 
recorded, however, differ from the normal Diels-Alder diene syntheses in that a catalyst 
is necessary to bring about combination and that ring formation is accompanied by 
dehydrogenation. It would appear not improbable that the formation of dimethylindole 
depends on the intermediate production of either (IV) or (V), which cyclises owing to a 
suitable disposition of the double bond in the side chain. The resulting dihydroindole 
then suffers dehydrogenation to dimethylindole. 


EXPERIMENTAL. 


Reaction of Aniline with Butadiene.—The usual procedure consisted in heating a solution of 
butadiene in aniline (approx. 8—12% concn.) with aniline hydrochloride or hydrobromide 
in a sealed tube at 220—260° for 4—25 hours. The following table gives particulars of some of 
the preparations. 


Yields, g.* 





PhNH,, C,Hg, Complex Dimethyl- 
g. g. Catalyst. Wt, g. Temp. Hrs. (I). (III). products. indole. 
° PhNH,,HBr 4 230—260° 4 2-21 1:20 4°35 — 
PhNH,,HCl 2 220—245 25 1:03 0°37 1-26 0°061 
PhNH,,HCl 2 235 24 1°84 1-02 1°84 0°067 
64 , PhNH,,HBr 4 250 5 3°0 1°54 — — 
* The yields of anilinobutene, ~-aminophenylbutene, and dimethylindole are those of the pure 


products. 


The product was dissolved in a moderate excess of 3N-hydrochloric acid, slightly basic and 
neutral substances (A) were extracted in ether, the aqueous solution was rendered alkaline, and the 
liberated amines were taken up in ether. After drying, this ethereal solution was fractionated, 
first at atmospheric pressure to remove the solvent and the bulk of the aniline, then under 
reduced pressure. The main fractions were collected at 100—160°/25 mm. and 160—250°/25 mm. 
The dark viscous residue was not examined. 

Isolation of a-p-aminophenyl-A8-butene. The fraction, b. p. 100—160°/25 mm., was treated 
with a slight excess of N-sulphuric acid (Congo-paper), and the sparingly soluble sulphate was 
collected (filtrate B), washed with ether, and crystallised from hot water, yielding pure «-p- 
aminophenyl-A8-butene sulphate in white scales [Found: H,SO,, 25-4. (CygH,;N),,H.SO, 
requires H,SO,, 25-0%]. 

The amine liberated from the sulphate by the action of aqueous ammonia was a colourless 
oil, b. p. 1835—136°/24 mm. (Found: C, 82-0; H, 8-7. C, 9H,,N requires C, 81-6; H, 8-9%), 
having an odour resembling that of the p-amino-n-alkylbenzenes. The hydrochloride separated 
from hot ethyl acetate containing some ethyl alcohol as silky needles, which, when moist, turned 
brown on keeping (Found: HCl, 20-3. C,)H,,;N,HCl requires HCl, 19-9%). After diazotis- 
ation with aqueous sodium nitrite, the product coupled with $-naphthol in alkaline solution 
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to yield an azo-B-naphthol, slender, brilliant red needles (from glacial acetic acid), m. p. 100—101° 
(Found : N, 9-3. C.9H,,ON, requires N, 9-2%). 

Acetylation of the amine with an aqueous suspension of acetic anhydride gave a-p-acetamido- 
phenyl-A8-butene, small platelets (from aqueous alcohol), m. p. 98—99° (Found: C, 76-3; 
H, 8-0; N, 7-3. C,,H,,ON requires C, 76-1; H, 8-0; N, 7-4%). The acetyl compound 
decolorised bromine in chloroform, and after evaporation of the solvent and crystallisation of 
the residue from alcohol Sy-dibromo-a-p-acetamidophenylbutane was obtained in white platelets, 
m. p. 127—128° (Found: C, 41-3; H, 4-4; N, 4-1; Br, 45-9. C,,H,,ONBr, requires C, 41-3; 
H, 4:3; N, 4:0; Br, 45-8%). 

Hydrogenation of «-p-acetamidophenyl-A*’-butene in glacial acetic acid with colloidal 
palladium as catalyst yielded p-acetamido-n-butylbenzene (0-457 g. absorbed 57-9 c.c. of 
hydrogen at N.T.P. Theory, 54-1 c.c.), m. p. and mixed m. p. 103—104° (Reilly and Hickin- 
bottom, J., 1920, 117, 111). 

Oxidation of «-p-acetamidophenyl-A®-butene was effected by adding 0-5% aqueous per- 
manganate (about 150 c.c.) to a solution of the acetyl derivative (0-47 g. in 10 c.c. of glacial 
acetic acid diluted with 10 c.c. of 5N-acetic acid). The colour of the permanganate was rapidly 
discharged. The solution was distilled to remove the volatile products of oxidation, cooled, 
treated with a further amount of permanganate (100 c.c.), and again distilled. These operations 
were repeated until about 500 c.c. of permanganate had been added. The distillate responded 
to Schiff’s test for an aldehyde and gave with 2: 4-dinitrophenylhydrazine a precipitate of 
acetaldehyde-2 : 4-dinitrophenylhydrazone, m. p. and mixed m. p. 164—166° (Found : C, 43-0; 
H, 3-4; N, 25-1. Calc.: C, 42-9; H, 3-6; N, 25-0%). The identity was confirmed crystallo- 
graphically by Mr. E. G. Cox. 

From the aqueous solution containing the non-volatile products of the oxidation, p-acet- 
amidobenzoic acid, m. p. 254—256° (decomp.), was isolated; it was identified by mixed m. p. 
and crystallographically. 

Isolation of «-anilino-A8-butene. The filtrate (B) (p. 1982) was made alkaline, and the liber- 
ated amine taken up in ether. After washing and drying (magnesium sulphate), the solvent 
was evaporated and the residual amines were treated with 50% aqueous zinc chloride. The 
sparingly soluble zincichlorides (C) were collected after 12 hours, washed with water, and extracted 
several times with boiling light petroleum. The residue consisted essentially of the zincichlorides 
of aniline and p-aminophenylbutene. The light petroleum extract was fractionated and the 
distillate collected between 130° and 140°/33 mm. was shaken with several successive quantities 
of 3N-hydrochloric acid. The acid solution, treated with a slight excess of sodium nitrite, 
became orange-red, and a nitrosoamine separated as an oil, which was removed in ether. The 
aqueous solution now became green on addition of an excess of ammonia, indicating the presence 
of a tertiary amine; the quantity, however, was too small for isolation. 

The nitrosoamine was washed in the ethereal solution with water and then several times 
with dilute alkali before being distilled in steam. Phenylbutenylnitrosoamine was obtained as 
a pale yellow oil with a characteristic rooty odour, quite distinct from that of phenyl-n-buty]l- 
nitrosoamine. For analysis, a portion was stored over concentrated sulphuric acid in a vacuum 
desiccator (Found : C, 68-3; H, 7-4. C,9H,,ON, requires C, 68-1; H,6-9%). The nitrosoamine 
formed in cold concentrated sulphuric acid a deep cherry-red solution, which became yellowish- 
brown on dilution. The cherry-red solution changed through green to deep indigo-blue on 
addition of phenol and warming. This solution, on dilution with water, became cherry-red, 
purple, and finally brownish-red. A greenish-blue colour resulted on addition of an excess of 
alkali. 

The nitrosoamine was converted by Kenner and Jones’s method (J., 1932, 713) into «-anilino- 
Aé-butene, a colourless liquid, b. p 132—134°/34 mm. The acetyl derivative was a viscous 
liquid, b. p. 165—168°/28 mm. (Found : C, 76-1; H, 8-1. C,,H,,ON requires C, 76-1; H, 8-0%). 
It combined with bromine in chloroform comparatively slowly, and hydrogenation in glacial 
acetic acid with a palladium catalyst also was comparatively slow, not being complete after 
15 hours (0-5378 g. absorbed 17 c.c. Theory, 64 ¢c.c.), Oxidation of the acetyl compound in 
aqueous acetic acid with permanganate furnished acetaldehyde (2 : 4-dinitrophenylhydrazone), 
identified crystallographically and by mixed m. p. 

Isolation of 2: 3-dimethylindole. The neutral and the feebly basic products (A) (p. 1982) 
were distilled under reduced pressure, giving a main fraction, b. p. 150—180°/33 mm., which 
consisted largely of diphenylamine, the bulk of which crystallised and was removed. The liquid 
portion was diluted with ether and washed with a mixture of concentrated hydrochloric acid 
(1 vol.) and 3N-hydrochloric acid ($ vol.). The ethereal solution was then washed with water, 
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dried, and evaporated, yielding crude dimethylindole. This was purified through its picrate, 
reddish-brown needles, m. p. and mixed m. p. 154—155° (Wolff, Ber., 1888, 21, 125, gives m. p. 
157°). Treatment of the pure picrate with aqueous ammonia, followed by steam distillation, 
yielded 2 : 3-dimethylindole, thin plates (from light petroleum), m. p. 105—106°. The identity 
was established by analysis (Found: C, 82-25; H, 7-45; N, 9-7. Calc.: C, 82-7; H, 7-6; 
N, 9-7%), and by comparison (mixed m. p. and solubilities) with a genuine specimen prepared 
by Fischer’s method (Amnalen, 1886, 236, 128). 

Reaction of p-Toluidine with Butadiene.—Benzene solutions of butadiene were heated with 
an excess of p-toluidine and some -toluidine hydrochloride in sealed tubes. 


C,H, -C;H,NH,, C,H,NH,,HCI, beniesnd a 
4 g. g. Temp. Hrs. Trimethylindole. (VI). (VII). 
60 2 240° 24 0-135 0-61 0-72 
88 6 225 8-24 0-296 0-31 xs 
60 12 230 24 0-24 1-41 1-54 


A preliminary separation into basic and feebly basic material was effected by treatment 
with dilute hydrochloric acid and ether in the manner described on p. 1982. 

Isolation of «-p-toluidino-A8-butene and 4-butenylamino-3-butenyltoluene. The amines were 
liberated from the dilute acid solution of the basic products by excess of ammonia and fractionated 
at atmospheric pressure to remove the bulk of p-toluidine. Distillation under reduced pressure 
then gave two main fractions, 135—145°/32 mm. and 175—190°/30 mm. 

The lower-boiling fraction consisted essentially of a-p-toluidino-A’-butene. It was freed from 
a trace of primary amine by treatment with aqueous zinc chloride and after several distillations 
under reduced pressure was obtained pure as a very pale straw-yellow liquid, b. p. 135°/33 mm. 
(Found: C, 81-7; H, 9-4. C,,H,,N requires C, 81-9; H, 9-4%). The chloroplatinate formed 
slender buff-coloured needles from hot absolute alcohol, m. p. 200—201° (decomp.) [Found: Pt, 
26-4. (C,,H,,N),,H,PtCl, requires Pt, 26-7%]. The nitrosoamine, a yellow oil volatile in steam 
(Found: C, 69-5; H, 7-6. C,,H,,ON, requires C, 69-4; H, 7-4%), dissolved in concentrated 
sulphuric acid to give a colourless solution which responded to the Liebermann nitroso-test. 

The fraction collected between 175° and 190°/30 mm. was dissolved in 3N-hydrochloric 
acid and repeatedly extracted with ether. The amine liberated by alkali was taken up in ether, 
dried, and distilled, giving a viscous, pale yellow oil, b. p. 185°/30 mm. (Found : C, 83-2; H, 9-8. 
C,;H,,N requires C, 83-6; H, 9-8%), which decolorised a cold dilute solution of permanganate 
fairly rapidly. 

The nitrosoamine derived from 4-butenylamino-3-butenylioluene was a yellow viscous oil, 
not readily volatile in steam. It was washed with dilute aqueous alkali, distilled in steam, taken 
up in ether, dried, recovered, and stored over concentrated sulphuric acid in a partial vacuum 
for several days (Found : C, 73-1; H, 8-4. C,;H, ON, requires C, 73-7; H, 8-3%). 

Isolation of 2 : 3 : 5-trimethylindole. The neutraland the feebly basic products of the reaction 
of butadiene with p-toluidine (see above) were distilled under reduced pressure. The greater part 
was collected between 140° and 190°/27 mm.; the tarry residue appeared to consist essentially 
of polymerised butadiene. The main fraction partly solidified on cooling. It was drained 
under suction, and the solid residue crystallised from light petroleum, yielding pure di-p-toly]- 
amine, m. p. and mixed m. p. 79° (nitrosoamine, m. p. 102°). The more soluble portion of the 
main fraction was diluted with a large volume of ether and shaken with fairly concentrated 
hydrochloric acid. The washed and dried ethereal solution was evaporated, and the residue 
treated with a benzene solution of picricacid. The picrate of 2 : 3 : 5-trimethylindole separated. 
The pure picrate gave a deep red solution in hot benzene and separated on cooling as a mass 
of dark brown needles, m. p. 188—189° (Found : C, 52-6; H, 4-0; N, 14-1. C,,H,,;N,C,H,O,N,; 
requires C, 52-6; H, 4:15; N, 14.4%). Trimethylindole liberated from the picrate separated 
from light petroleum (b. p. 40—60°) as platelets, m. p. 120—121° (Found: C, 83-1; H, 8-6; 
N, 8-9. Calc.: C, 83-0; H, 8-2; N, 8-8%) [Wolff gives m. p. 121-5° and describes the picrate 
(no analysis) as brownish-red needles, m. p. 189°]. The general characteristics of the compounds 
isolated in the present work agree with those described by Wolff, with the exception that the 
picrate has been found to be sparingly soluble in cold benzene. 





The author thanks Prof. Haworth, F.R.S., for his interest and encouragement, the I.G. 
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437. The Action of Chlorine, Bromine, and Iodine Monochloride 
upon Arylazoacetoacetates and Related Compounds. 


By F. D. Cuatraway and D. R. ASHWORTH. 


In acetic acid at the ordinary temperature in the presence of sodium acetate, bromine 
replaces the acetyl group of ethyl 2 : 4-dinitrophenylazoacetoacetate, ethyl «-bromoglyoxylate- 
2: 4-dinitrophenylhydrazone being formed. In the absence of sodium acetate, in boiling 
acetic acid, however, bromine is substituted for hydrogen in the acetyl group and ethyl 
2 : 4-dinitrophenylazo-y-bromoacetoacetate is formed. 


Br (or Cl) CO-CH, CO-CH,Br (or Cl) 
NHR:N:C-CO,Et “— NHR-N:C:CO,Et 7 NHR:N:C:CO,Et 


Chlorine appears to have no action on a solution of ethyl 2 : 4-dinitrophenylazoaceto- 
acetate in cold or boiling acetic acid, or cold or boiling chloroform, and the starting material 
can be recovered unchanged. When, however, action takes place in cold acetic acid 
containing crystalline sodium acetate, chlorine replaces the acetyl group as a whole and 
ethyl «-chloroglyoxylate-2 : 4-dinitrophenylhydrazone is formed. Action also occurs if care- 
fully dried chloroform is the solvent, and a quantitative yield of ethyl 2 : 4-dinitrophenylazo- 
y-chloroacetoacetate is then obtained. 

Similarly, chlorine does not attack 2: 4-dinitrophenylazoacetylacetone or 2 : 4-dinitro- 
phenylazobenzoylacetone in cold or boiling acetic acid or in cold or boiling chloroform, even 
when perfectly dry; but when a solution of either of these compounds in acetic acid 
contains crystalline sodium acetate, the acetyl group is replaced by chlorine and w-chloro- 
a-ketopropaldehyde-2 : 4-dinitrophenylhydrazone and  w-chlorophenylglyoxal-2 : 4-dinitro- 
phenylhydrazone, respectively, are formed : 

CH,°CO-C(‘N-NHR)-CO-CH, (or Ph) —> Cl-C(3N-NHR)-CO-CH; (or Ph) 


The action of iodine monochloride upon the arylazoacetoacetates is considerably 
influenced, and in some instances completely altered, by the nature of the groups present in 
the phenyl nucleus. 

Thus when iodine monochloride reacts with ethyl 2: 4: 6-tribromo-, 2 : 4-dibromo-, 
p-bromo-, -nitro-, or o-nitro-phenylazoacetoacetgée dissolved in acetic acid, iodine is 
substituted in the acetyl group and the co ding y-iodo-compound is formed, the 
yield in every case being good (80%). 


CH,*CO:C(:N-NHR):CO,Et —> CH,I-CO-C(:N‘NHR):CO,Et 


With 2 : 4-dinitrophenylazoacetoacetate, however, iodine is liberated and ethyl 2: 4- 
dinitrophenylazo-y-chloroacetoacetate is formed, the yield here also being good (70%) : 


CH,CO-C(:N-NHR’)CO,Et —> CH,CI-CO-C(:N-NHR’)-CO,Et 


An excess of iodine monochloride does not in any case carry the reaction further. 

When, however, iodine monochloride acts upon ethyl p-chlorophenylazoacetoacetate in 
acetic acid, the acetyl group is replaced by chlorine and ethyl «-chloroglyoxylate-p-chloro- 
phenylhydrazone is formed. Iodine monochloride similarly replaces the acetyl group in 
ethyl phenylazoacetoacetate by chlorine, and in addition substitutes iodine in the para- 
position of the phenyl nucleus, ethyl «-chloroglyoxylate-p-iodophenylhydrazone being 
produced, which on reduction with tin and hydrochloric acid yields p-iodoaniline (identified 
by its acetyl derivative) : 


CH,*COC(:N-NHR”):CO,Et —> CI-C(:N-"NHR”)-CO,Et 


Although in the latter two cases the yield was poor (20%), no other product could be 
isolated. 

The action of iodine monochloride upon an acetic acid solution of «-ketopropaldehyde-o- 
nitrophenylhydrazone (I) produces 8-iodo-a«-ketopropaldehyde-o-nitrophenylhydrazone (IT) 
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in good yield, but its action upon the corresponding 2: 4 : 6-tribromo-compound under 
similar conditions yields w-chloro-«-ketopropaldehyde-2 : 4 : 6-tribromophenylhydrazone 
(III), though only in poor yield (20%) : 
CO-CH,I CO-CH, CO-CH, 
NO,°C,H,-NH-N:CH <— R-‘NH-N:‘CH ~~ C,H,Br,NH:N:CCl 
(II.) (I.) (III.) 

The arylazoacetylacetones and the arylazobenzoylacetones did not react with iodine 
monochloride under any of the conditions tried and were recovered unchanged. 

The iodine substituted in the acetyl group is very reactive. Thus, on treating the 
y-iodo-compounds with potassium acetate, hydrogen iodide is eliminated and ring closure 
takes place with the formation of pyrazoles, identical with those obtained from the corre- 
sponding y-chloro- and y-bromo-compounds (Proc. Roy. Soc., 1932, A, 185, 282; 137, 489; 
J., 1933, 475, 1143) : 

EtO,C-C——N EtO,C-C—N 


I \NHR —> | aR 
OC=CH,I HO-C—CH 


When any one of the arylazo-y-bromo- or -chloro-acetoacetates is treated with potassium 
iodide in alcoholic solution, the halogen is replaced by iodine. Thus ethyl p-nitrophenylazo- 
y-chloroacetoacetate yields ethyl p-nitrophenylazo-y-iodoacetoacetate. When, however, 
®Ge-tribromo-«-ketopropaldehyde-2 : 4 : 6-tribromophenylhydrazone is similarly treated in 
acetic acid solution, w«w-iodo-«-ketopropaldehyde-2 : 4 : 6-tribromophenylhydrazone is 
formed : 

O-CHBr, CO-CH; 
NHR:-N:CBr —* NHRN:Cl 


The arylazoacetoacetates are not easily acetylated; for example, ethyl 2 : 4-dibromo-, 
2: 4-dichloro-, p-nitro-, and o-nitro-phenylazoacetoacetates can be recovered unchanged 
after heating with acetic anhydride. Heating in a sealed tube with acetyl chloride causes 
decomposition. 

Ethyl 2: 4: 6-tribromo- and 2: 4 : 6-trichloro-phenylazoacetoacetates, however, yield 
N-acetyl derivatives when warmed with acetic anhydride containing a drop of sulphuric 
acid (Proc. Roy. Soc., 1932, A, 135, 282). 

When chlorine is passed into a solution of either of these N-acetyl derivatives, dissolved 
in glacial acetic acid, with or without the addition of sodium acetate, or in moist or dry 
chloroform, whether at the ordinary temperature or at the boiling point of the solvent, no 
action at all takes place and the starting material can be recovered quantitatively 
unchanged. Similarly bromine has no action upon these acetyl compounds when dis- 
solved in cold or boiling acetic acid containing crystalline sodium acetate. When, how- 
ever, excess of bromine is added to a solution of either of these compounds in boiling acetic 
acid or chloroform, the halogen substitutes at once in the aceto-group, and two hydrogen 
atoms are replaced by bromine, ethyl 2 : 4: 6-tribromo- or 2 : 4 : 6-trichloro-phenylazo-yy- 
dibromoacetoacetate-N-acetate being formed, identical with the compounds obtained by 
heating ethyl 2:4:6-tribromo- or 2:4: 6-trichloro-phenylazo-yy-dibromoacetoacetate 
with acetic anhydride : 

CO-CHBr, CO-CHBr, CO-CH; 
NHR:N:C~* ko NAcR-N-C $, NAcR-N-C 
CO,Et CO,Et CO,Et 

The replacement of the imino-hydrogen atom by an acetyl group, while not hindering 
substitution in the acetyl group, yet prevents the replacement of this group as a whole by 
halogen (cf. loc. cit.). 

EXPERIMENTAL. 

By the procedure previously given (Chattaway and Ashworth, J., 1933, 475, 1624), the 

following have been prepared : 
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Ethyl 2: 4-dinitrophenylazoacetoacetate, yellow slender prisms from alcohol, m. p. 108° 
(Found: N, 17-0. C,,H,,0O;N, requires N, 17-3%). 

2 : 4-Dinitrophenylazobenzoylacetone, yellow slender prisms from acetic acid, m. p. 203° 
(Found : N, 15-8. C,gH,,0,N, requires N, 15-7%). 

2 : 4-Dinitrophenylazoacetylacetone, irregular, fragile, flattened prisms from acetic acid, m. p. 
176° (Found : N, 19-0. C,,H,O,N, requires N, 19-05%). 

Ethyl a-bromoglyoxylate-2 : 4-dinitrophenylhydrazone, yellow, very long, slender prisms from 
alcohol, m. p. 122° (Found : Br, 22-1. C,9H,O,N,Br requires Br, 22-2%). 

Ethyl «-aminoglyoxylate-2 : 4-dinitrophenylhydrazone, red slender prisms from alcohol, m. p. 
169° (Found : N, 23-6. C,9H,,0O,N; requires N, 23-6%). 

Ethyl 2: 4-dinitrophenylazo-y-bromoacetoacetate, yellow needles from alcohol, m. p. 141° 
(Found: Br, 19-7. C,,H,,O,N,Br requires Br, 19-9%). 

4-H ydroxy-3-carbethoxy-1-(2' : 4'-dinitrophenyl)pyrazole, colourless, flattened, rectangular 
prisms from alcohol, m. p. 150° (Found : N, 17-2. C,H j9O,N, requires N, 17-4%). 

Action of Dry Chlorine upon Ethyl 2 : 4-Dinitrophenylazoacetoacetaie in Dry Chloroform.— 
5 G. of ethyl 2: 4-dinitrophenylazoacetoacetate were dissolved in 15 c.c. of carefully dried, 
redistilled chloroform and dry chlorine was passed for 20 minutes with the careful exclusion of 
moisture. On evaporation of the solvent on a water-bath ethyl 2 : 4-dinitrophenylazo-y-chloro- 
acetoacetate remained as a yellow solid. It crystallised from alcohol in yellow, long, slender 
prisms, m. p. 143° (Found : Cl, 9-6. C,,H,,O,N,Cl requires Cl, 9-9%). 

Action of Chlorine upon Ethyl 2 : 4-Dinitrophenylazoacetoacetate in Acetic Acid in the Presence 
of Sodium Acetate-—5 G. of ethyl 2: 4-dinitrophenylazoacetoacetate and 5 g. of crystalline 
sodium acetate were suspended in 10 c.c of cold acetic acid, and chlorine passed for 20 minutes. 
On careful addition of water to the resulting solution ethyl «-chloroglyoxylate-2 : 4-dinitrophenyl- 
hydvazone separated as a viscous yellow mass, which crystallised from alcohol in long, slender, 
flattened prisms, m. p. 120° (Found : Cl, 11-1. C,gHgO,N,Cl requires Cl, 11-2%). 

Similarly, from 2: 4-dinitrophenylazobenzoylacetone was obtained w-chlorophenylglyoxal- 
2: 4-dinitrophenylhydrazone, yellow, flattened, irregular prisms from acetic acid, m. p. 177° 
(Found: Cl, 10-3. C,,H,sO,;N,Cl requires Cl, 10-2%), and from 2 : 4-dinitrophenylazoacety]l- 
acetone, w-chloro-a-ketopropaldehyde-2 : 4-dinitrophenylhydrazone, yellow, large, irregular, 
rhombic plates from acetic acid, m. p. 159° (Found : Cl, 12-7. C,H,O,;N,Cl requires Cl, 12-4%). 

Iodine monochloride was prepared by the action of chlorine upon finely divided iodine 
suspended in acetic acid (Chattaway and Constable, J., 1914, 105, 124). Using 12-7 g. of iodine 
in 15 c.c. of acetic acid, a solution of iodine monochloride was obtained, of which 2 c.c. contained 
1-27 g. of iodine. This solution was used in all cases below. 

Formation of Ethyl 2: 4: 6-Tribromophenylazo-y-iodoacetoacetate.—2 C.c. of iodine mono- 
chloride solution (above) were added to 4-7 g. of ethyl 2 : 4: 6-tribromophenylazoacetoacetate 
dissolved in 20 c.c. of cold acetic acid, and the whole left for 2 hours; ethyl 2: 4: 6-iribromo- 
phenylazo-y-iodoacetoacetate then separated. After being washed with a little aqueous sodium 
sulphite, it crystallised from chloroform-light petroleum in yellow, long, slender prisms, m. p. 
104° (Found : Br, 40-0; I, 21-1. C,,H,,0,N,Br,I requires Br, 40-2; I, 21-3%). 

Similarly were prepared: Ethyl 2: 4-dibromophenylazo~y-iodoacetoacetate, yellow, long, 
slender prisms from alcohol, m. p. 127° (Found: Br, 31-1; I, 24-7. C,,H,,O,;N,Br,I requires 
Br, 30-9; I, 24-5%), ethyl p-bromophenylazo~y-iodoacetoacetate, yellow, long, slender, somewhat 
flattened prisms from alcohol, m. p. 114° (Found: Br, 18-0; I, 28-6. C,,H,,O,N,BrI requires 
Br, 18-2; I, 28-9%), ethyl p-nitrophenylazo~y-iodoacetoacetate, yellow, long, slender, rectangular 
prisms from alcohol, m. p. 154° (Found: I, 31-1. C,,H,,0O;N;I requires I, 31-3%), and ethyl 
o-nitrophenylazo-y-iodoacetoacetaie, yellow, long, slender, somewhat flattened prisms from 
alcohol, m. p. 128° (Found : I, 31-4%). 

These compounds were also obtained by heating the corresponding y-chloro- or yy-bromo- 
compound with potassium iodide in alcoholic solution; e.g., 1 g. of ethyl p-nitrophenylazo-y- 
chloroacetoacetate and 1 g. of potassium iodide were refluxed for 10 minutes in 15 c.c. of alcohol ; 
ethyl p-nitrophenylazo-y-iodoacetoacetate then separated identical with the compound prepared 
as above. 

Ethyl 2: 4-Dinitrophenylazo-y-chloroacetoacetate-—2 C.c. of iodine monochloride solution 
were added to a solution of 2 g. of ethyl 2 : 4-dinitrophenylazoacetoacetate in 5 c.c. of cold acetic 
acid. After an hour the above compound separated, much iodine being liberated. On crystal- 
lisation from alcohol it was shown to be identical with the compound obtained by the action of 
chlorine upon ethyl 2 : 4-dinitrophenylazoacetoacetate in dry chloroform solution (see above). 

Formation of Ethyl «-Chloroglyoxylate-p-iodophenylhydrazone.—10 C.c. of iodine monochloride 
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were added to 5 g. of ethyl phenylazoacetoacetate, dissolved in 15 c.c. of cold acetic acid, and 
the whole kept for 3 hours; the above compound then separated in 15% yield. It crystallised 
from alcohol in colourless short needles, m. p. 176° (Found : Cl, 10-0; I, 36-1. Cy9H,,9O,N,CII 
requires Cl, 10-0; I, 36-0%). Similarly from ethyl p-chlorophenylazoacetoacetate was obtained 
ethyl «-chloroglyoxylate-p-chlorophenylhydrazone, identical with an authentic specimen 
(Proc. Roy. Soc., 1932, A, 137, 489). 

6-1 odo-a-ketopropaldehyde-o-nitrophenylhydrazone.—2 C.c. of iodine monochloride solution 
were added to 2 g. of a-ketopropaldehyde-o-nitrophenylhydrazone in 15 c.c. of acetic acid 
at 40°. On standing over-night, the above compound separated; it crystallised from alcohol 
in yellow slender prisms, m. p. 174° (Found: I, 38-0. C,H,O,N;I requires I, 38-2%). 

Similarly, from «a-ketopropaldehyde-2 : 4: 6-tribromophenylhydrazone was _ obtained 
«-chloro-a-ketopropaldehyde-2 : 4 : 6-tribromophenylhydrazone, which after crystallisation 
was identical with an authentic specimen (this vol., p. 934). 

«-lodo-a-hetopropaldehyde-o-nitrophenylhydrazone was prepared by refluxing 2 g. of w-bromo- 
«-ketopropaldehyde with 3 g. of potassium iodide in 100 c.c. of alcohol for 3hours. It crystallised 
from acetic acid in yellow, long, flattened prisms, m. p. 189° (Found : I, 38-5%). 

Similarly were prepared : w-iodo-a-ketopropaldehyde-2 : 4-dibromophenylhydrazone, very pale 
yellow, felted masses of long hair-like needles from alcohol, m. p. 169° (Found: Br, 36-0; I, 
28-5. C,H,ON,Br,I requires Br, 35-9; I, 28-5%), and w-iodo-x-ketopropaldehyde-2 : 4 : 6- 
tvribromophenylhydrazone, very pale yellow, long, slender prisms from alcohol, m. p. 150° (Found : 
Br, 45-9; I, 24-3; N, 5-0. C,H,ON,Br,I requires Br, 45-7; I, 24-2; N, 5-3%). 

Action of Potassium Iodide upon B8w-Tribromo-a-ketopropaldehyde-2 : 4 : 6-iribromophenyl- 
hydrazone.—2 G. of potassium iodide in 10 c.c. of water were added to 2 g. of BBw-tribromo-a- 
ketopropaldehyde-2 : 4 : 6-tribromophenylhydrazone in 30 c.c. of acetic acid at 100°, and the 
whole heated on a water-bath for 4 hours. On cooling, the above compound separated and on 
crystallisation was shown to be identical with an authentic specimen (see above). 

The same product was also obtained on similar treatment of Bw-dibromo-a-ketopropaldehyde- 
2: 4: 6-tribromophenylhydrazone, which was prepared by the action of 2 mols. of bromine upon 
a-ketopropaldehyde-2 : 4 : 6-tribromophenylhydrazone, and crystallised from alcohol in yellow, 
long, slender rectangular prisms, m. p. 134° (Found: Br, 72-0. C,H,ON,Br, requires Br, 
71-8%). 

Formation of Ethyl 2: 4: 6-Tribromophenylazo-yy-dibromoacetoacetate-N-acetate.—(I) 2-4 G. 
of bromine in 3 c.c. of acetic acid were added to 4 g. of ethy! 2 : 4: 6-tribromophenylazoaceto- 
acetate-N-acetate dissolved in 10 c.c. of boiling acetic acid. On addition of water to the 
resulting solution the above compound separated. It crystallised from alcohol in colourless 
rectangular prisms with domed ends, m. p. 178° (Found: Br, 59-7. C,,gH,,O,N,Br, requires 
Br, 59-6%). 

(II) 2 G. of ethyl 2: 4: 6-tribromophenylazo-yy-dibromoacetoacetate were heated with 
5 c.c. of acetic anhydride containing a drop of sulphuric acid. On addition of water a colourless 
solid separated which 6n crystallisation was found to be identical with the above acetyl 
derivative. 

In a similar manner to (I) above was obtained ethyl 2: 4 : 6-trichlorophenylazo-yy-dibromo- 
acetoacetate-N-acetate, which formed colourless, compact, irregular prisms from alcohol, m. p. 
141° (Found : Cl, 19-8; Br, 29-8. C,,H,,O,N,Cl,Br, requires Cl, 19-8; Br, 29-8%). 


THE QUEEN’sS COLLEGE, OXFORD. (Received, August 25th, 1934.] 





438. The Preparation of Amino-alcohols. Part I. 
By Joun T. ABRAMS and FREDERIC S. KIPPING. 


THE object of the work, a part of which is described in this paper, was the preparation of 
aromatic amino-alcohols containing a side chain, CH(OH)-CRR’-NH,, similar to that 
present in adrenaline. Such compounds have already been obtained by the following 
methods: (a) The interaction of halogenohydrins, Ar-CH(OH)-CH,X, and ammonia 
(Tiffeneau, Compt. rend., 1907, 145, 811; Béttcher, Ber., 1909, 42,253; Mannich, Neumann, 
and Jacobsohn, Arch. Pharm., 1910, 248, 127); the disadvantages of this process are that 
it is sometimes very difficult to prepare the hydrins themselves in a pure state (Pauly and 
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Neukam, Ber., 1908, 41, 4151), but more particularly that, owing to the intermediate 
formation of oxides, structural isomerides of the desired bases are sometimes formed 
(Mannich, Neumann, and Jacobsohn, Joc. cit.; Levy and Sfiras, Compt. rend., 1930, 191, 261). 

(b) The action of ammonia or an amine on compounds of the type Ar-CO*CH,X, formed 
from aromatic substances and halogenated fatty acids or acyl chlorides (Dzierzgowski, 
J. Russ. Phys. Chem. Soc., 1893, 25, 275; Ott, Ber., 1926, 59, 1068), and the subsequent 
reduction of the amino-ketone by a suitable process, usually catalytic (Hoshino and Kaisha, 
Jap. Pat. 42351; Hyde, Browning, and Adams, J. Amer. Chem. Soc., 1928, 50, 2287). 
This method has been applied specially to the halogen acyl compounds obtained from 
phenols, phenolic ethers (Mannich, Neumann, and Jacobsohn, /oc. cit.), and dichlorobenzene 
(Glynn and Linnell, Pharm. J., 1932, 129, 249), in which process much tarry matter is often 
formed, although work on the intermediate products in the case of phenols, and on the 
effect of various catalysts, has partly overcome this difficulty. Other disadvantages of 
this method are the difficulty of preparing acids of the type CRR’X-CO,H, the instability 
of some of the amino-ketones (Tutin, J., 1910, 97, 2495), and, in the case of certain phenolic 
ethers, the elimination of the alkylamino-group during the dealkylation of the methoxy- 
radical. 

(c) The reduction of cyanohydrins, catalytically or otherwise (Wolfheim, Ber., 1914, 
47, 1448; D.R.-P. 193,634; Buck, J. Amer. Chem. Soc., 1933, 55, 2593, 3388; Harting 
and Munch, 7bid., 1928, 50, 3370). This method is limited to the formation of bases of the 
type Ar-CH(OH)-CH,°NHg, and the yields are sometimes low: further, in many cases, 
during catalytic reduction the hydroxyl group is displaced by hydrogen. 

(d) The condensation of aminoacetals with phenols or phenolic ethers in the presence 
of hydrogen chloride (Hinsberg, Ber., 1923, 56, 852), in which process monohydric phenols 
usually react mainly as in (I) and polyhydric phenols as in (II). 


(L) 2Ph-OH + CH(OEt),CH,‘NH, + HCl —> (HO-C,H,),CH-CH,‘NH,,HCI + 2EtOH 


(1L.) C.H,(OH), + CH(OEt).*CH,*NH, + HCl —°> C,H,(OH),CH(OH)-CH,"NH,,HCI + 
2EtOH 


No extension of this method to side-chain homologues of such compounds seems to have 
been recorded. 

(e) The condensation of aldehydes with nitromethane (Rosenmund, Ber., 1913, 46, 1034 ; 
Nagai, Brit. Pat. 118,298) or its homologues (Nagai and Kanao, Annalen, 1929, 470, 157) 
and the reduction of the products: in this process the nitro-alcohol sometimes loses the 


elements of water. 
In the present paper there are described syntheses which start from ethyl benzoylacetate 


and proceed as follows : 


COPh-CH,CO,Et —-> COPh-CHR-CO,Et —> COPh:CHR-CO-NH, 
— > CHPh(OH)-CHR-CO-NH, —> CHPh(OH)-CHR-NH, 


EXPERIMENTAL. 


Preparations of ethyl benzoylacetate carried out exactly as described by Claisen (Annalen, 
1896, 291, 71), and collected from 167—170°/18—19 mm. gave yields of 70—72% of the 
theoretical, calculated from the weight of the ethyl sodioacetylbenzoylacetate; Claisen gives 
75—79-4% and the optimum yield recorded by Shriner and Schmidt (J. Amer. Chem. Soc., 
1929, 51, 3636) is 78-1%. The criticisms by these authors of Claisen’s work are therefore 
unfounded. 

Ethyl a-benzoylpropionate (b. p. 150—153°/12 mm.), ethyl a-benzoylbutyrate (b. p. 169— 
173°/19 mm.), and ethyl a-benzoylisobutyrate (b. p. 167—171°/18 mm.) were obtained 
from the corresponding acetate in yields of 72, 68, and 50% respectively of the theo- 
retical; in the last preparation the sodium derivative of the benzoyl propionate was formed 
by treating the ester with sodium suspended in toluene. These results confirm those of Perkin 
and Calman (J., 1886, 49, 156), and Perkin and Hope (J., 1909, 95, 2043), and show that the 
criticisms of Dorsch and McElvain (J. Amer. Chem. Soc., 1932, 54, 2960) of this work of Perkin 


and his colleagues are unwarranted. 
60 
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Benzoylacetamide was obtained from the ester (30 g.) in yields of 80—81% of the 
theoretical by using aqueous ammonia (400 c.c., d 0-88) and acacia gum (0-5 g.) and shaking 
vigorously during 4 hours; the emulsion was then kept during 6 days and shaken each day 
during an hour. The yellowish crystalline product, 8-imino-§-phenylpropionamide, boiled with 
water, gave the pure amide, m. p. 112—113° as stated by Guareschi (Beilstein’s ‘‘ Organische 
Chemie,” Vol. X, p. 679). 

a-Benzoylpropionamide was prepared from the corresponding ester (14 g.), aqueous ammonia 
(320 c.c., d 0-88), and acacia gum (1 g.), the mixture being shaken during 2} hours and the 
crystals collected after 3 days. The amide (yield, 67%) crystallised from alcohol in lustrous 
rhomboidal plates, m. p. 153° (Found : C, 67-8; H, 6-2; N, 7-8. Calc. for C,9H,,O,N : C, 67-8; 
H, 6:2; N, 7-9%). 

Dorsch and McElvain (loc. cit.) give m. p. 145—146°. 

a-Benzoylbutyramide separated very slowly in colourless needles when the corresponding 
ester (10 g.) was shaken with aqueous ammonia (250 c.c., d 0-88) and acacia gum (1 g.). The 
amide, collected after 10 days and recrystallised from alcohol or acetone, melted at 155° (yield, 
about 42%) (Found: C, 69-0; H, 6-6; N, 7-2. Calc. for C,,H,,;0,N: C, 69-1; H, 6-8; N, 
7-3%). Dorsch and McElvain (/oc. cit.) give m. p. 148—149°. No imine was detected during 
the above preparation and attempts to obtain it by treating the amide with dry ammonia in 
benzene solution in the presence of anhydrous sodium sulphate were unsuccessful. 

Ethyl a-benzoylisobutyrate could not be converted into the amide by the above method; 
even after a month’s time a large proportion of the oil was unchanged and the only crystalline 
product was benzamide. 

In such reactions one a-alkyl group seems to prevent the formation of the corresponding 
imine, and two a-alkyl groups, the formation of the amide. This is in harmony with the observ- 
ations of Perkin and Calman, who found it possible to hydrolyse the methyl] and ethyl deriv- 
atives of ethyl benzoylacetate by using 3% potash solution, but could not obtain the correspond- 
ing disubstituted acids in a similar manner. 

8-Hydroxy-8-phenylpropionamide was obtained by reducing benzoylacetamide in aqueous 
alcoholic solution with amalgamated aluminium foil; after filtration and evaporation the 
product, recrystallised from alcohol, melted at 118—119° (yield, about 44%). 

8-Hydroxy-B-phenyl-a-methylpropionamide was prepared by reducing a-benzoylpropionamide 
(6-2 g.) in warm alcohol (100 c.c.) and water (20 c.c.) with amalgamated aluminium foil (4-4 g.); 
the necessary quantity of foil was determined by measuring the evolved hydrogen and compar- 
ing its volume with that of the gas obtained in a blank experiment. The greenish-yellow oil 
obtained on evaporation began to crystallise when treated with a little ethyl acetate ; the solid, re- 
crystallised from ethyl acetate—light petroleum, gave an apparently homogeneous product (2 g.) in 
rhomboidal plates, m. p. 134—135° (Found: C, 66-7; H, 7-35. Cj 9H ,;0,N requires C, 67-0; 
H, 7:°3%). The rest of the product remained as a viscous oil. 

6-Hydroxy-B-phenyl-a-ethylpropionamide was prepared similarly («-benzoylbutyramide, 3-4 g. ; 
alcohol, 60 c.c.; water, 15 c.c.; aluminium amalgam, 1-8 g.). The yellowish glue-like product 
(3 g.) was dissolved in ethyl acetate and fractionally precipitated with light petroleum; after 
many operations the more sparingly soluble fractions afforded a pure substance, m. p..134—135°, 
which crystallised in needles and was readily soluble in hot acetone and alcohol, sparingly in 
ether and benzene (Found: C, 68-1; H, 7-6. C,,H,,0,N requires C, 68-4; H, 7-8%). 

From the more soluble fractions a very small quantity of another compound, probably the 
diastereoisomeride, was obtained in needles, m. p. 128—131°; the rest of the product was 
crystalline but was obviously a mixture, melting below 110°. 

6-A mino-a-phenylethyl Alcohol.—A suspension of 6-hydroxy-8-phenylpropionamide (3-75 g.) 
in water (40 c.c.) was slowly treated below 0° with hypobromite solution (bromine, 3-5 g.; 
sodium hydroxide, 1-8 g.; water, 10 c.c.). A pale yellow substance was formed and after 
15 minutes a solution of sodium hydroxide (2-7 g.) in water (30 c.c.) was added, the final temper- 
ature being 8°. ‘Ihe mixture was left at 10° for 2 hours, and benzoyl chloride then added in 
excess, alternately with sodium hydroxide solution. The precipitated benzoyl derivative 
(2-8 g.), after recrystallisation from alcohol, had m. p. 146—148°. In other experiments the 
base was isolated as the hydrochloride by extracting the alkaline solution with chloroform 
and passing dry hydrogen chloride into the dried extract: the pure salt melted at 175—177° 
(cf. Wolfheim, Ber., 1914, 47, 1448). 

B-A mino-a-phenylpropyl A lcohol.—B-Hydroxy-$-phenyl-«-methylpropionamide (1-1 g.), asa 
fine paste with water (12 c.c.), was slowly added to well-stirred hypobromite (bromine, 0-33 c.c. ; 
sodium hydroxide, 1-2 g.; water, 10 c.c.) at — 7°. The mixture was allowed to reach room 
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temperature and sodium hydroxide (0-6 g.), dissolved in water (3 c.c.), was then added; after 
2 hours, lustrous plates separated. This product, recrystallised from ethyl acetate, gave stout 
well-defined prisms (0-66 g.), m. p. 116—117°, which contained halogen and doubtless consisted 
of the bromoamide. The aqueous filtrate was repeatedly extracted with chloroform, and dry 
hydrogen chloride passed into the dried solution. The hydrochloride of d/-norisoephedrine 
(0-22 g.) was thus obtained in needles, m. p. 169—170°. The halogen compound, m. p. 116— 
117°, could be recrystallised unchanged from hot water or alcohol and even when warmed with a 
13% solution of sodium hydroxide during about 20 minutes at 60°, seemed to undergo very little 
change; in the course of a further 60 minutes, however, decomposition appeared to be complete. 
The base, extracted with chloroform, gave 0-25 g. of the hydrochloride, a yield of 70-4% cal- 
culated from the bromoamide. The total yield calculated from the weight of the amide was 
50-7%. 


UNIVERSITY COLLEGE, NOTTINGHAM. [Received, August 28th, 1934.] 





439. A New Phenazine Synthesis. The Phenazhydrins. Part I. 
By GreorGE R. CLEMO and Henry McILwain. 


THE methods for the synthesis of simple phenazines, as distinct from the complex deriv- 
atives which are dyes, have been summarised by McCombie, Scarborough, and Waters (J., 
1928, 353) and by Kégl and Postowsky (Annalen, 1930,480,284). They are distinctly limited 
in application and usually give low yields. The biological importance of phenazine deriv- 
atives is now realised; Kégl and collaborators (loc. cit.) established the bacterial pigment 
oxychlororaphin as the amide of phenazine-l-carboxylic acid, synthesising that acid by 
the somewhat drastic method of heating at 160° nitrobenzene, anthranilic acid, and solid 
potassium hydroxide. An independent method is described below. 

Tetrahydrophenazines do not appear to have been previously described, but it has now 
been found that they can be readily prepared and easily dehydrogenated by iodine in 
glacial acetic acid to give phenazines. Thus o-phenylenediamine and cyclohexane-l : 2- 
dione give 1: 2:3: 4-tetrahydrophenazine, and 1-methylcyclohexane-2 : 3-dione (Wallach, 
Annalen, 1924, 437, 174) condenses smoothly to 1-methyl-1 : 2:3 : 4-tetrahydrophenazine 
(I); as both reagents are capable of variation, the method should be of wide application. 
Before (I) was successfully dehydrogenated by iodine, sulphur and selenium were tried 
unavailingly (the latter method does not appear to have succeeded with any heterocyclic 
compound) ; the maleic acid method of Akabori and Saito (Ber., 1930, 63, 2245) gave an acid 
product, and Ehrenstein’s platinum catalytic method (Arch. Pharm., 1931, 269, 650) gave 
the corresponding phenazhydrin (see under). 
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An attempt to obtain phenazine-1-carboxylic acid by direct oxidation of (I) with chromic 
acid gave a dicarboxylic acid, presumably by disrupting the reduced ring between the 
carbon atoms 2:3 or 3:4, but the full examination of this is reserved. The methyl 
group of 1-methylphenazine does not condense with piperonal, but can be readily oxidised 
by chromic acid in acetic acid to the carboxylic acid. 

We have found that the free phenazhydrins (compounds between phenazines and their 
dihydro-forms) can easily be obtained as highly crystalline purple or blue prisms by mixing 
equimolecular amounts of their components in concentrated alcoholic solution. These 
compounds were unknown when Hantzsch (Ber., 1916, 49, 511) stated from an optical 
comparison of their salts with the quinhydrones that the two classes of compounds were 
structurally different, and suggested that the former were free radicals (a theory recently 
confirmed by Michaelis e¢ coll., J. Amer. Chem. Soc., 1933, 55, 1481). The phenazhydrins 
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themselves are on the whole similar to the quinhydrones. They give pale yellow solutions 
in light petroleum or alcohol, which indicates dissociation and so prevents the determin- 
ation of molecular weights; but they crystallise from these solvents and give the analytical 
results required for the bimolecular complexes. 


The two reacting molecules show the opposing tendencies CSN and CEN-H and 


reaction appears to involve the 9: 10 hydrogen atoms and indicates their co-ordination 
or transference. The former might involve only one such link between a phenazine nitro- 
gen atom and an imino-hydrogen atom, or two as depicted in (II), to give a Kauffler type of 
structure with the two imino-hydrogen atoms forming a bridge, possibly with a variation 
of their usual 180° angle of co-ordination. This representation is favoured rather than 
(III) and (IV) below. To postulate that a change of co-ordinate links occurs, 


R,{CSN—-HNCEJR, = R {C>N-H~N<E}R, 


to give the most stable form is only an extension of the benzene oscillatory double bond 
problem (Sidgwick, Ann. Reports, 1933, 113) and if this is granted the following observations 
can be explained. 

The phenazhydrins formed by (a) phenazine and l-methyl-9 : 10-dihydrophenazine and 
(b) 9: 10-dihydrophenazine and l-methylphenazine form identical prisms, m. p. 159°. 
This indicates the establishment of an oxidation-reduction equilibrium between each 
phenazine and its dihydro-form, with the formation of the stablest complex, and corre- 
sponds to the related phenomenon in the quinhydrones (Valeur, Ann. Chim. Phys., 1900, 
21, 470). In the above case the stable state is methylphenazine—-dihydrophenazine, for 
it is methylphenazine which is removed from the complex by steam distillation in the first 
instance, while phenazine only comes over freely after the addition of an oxidising agent 
such as ferric chloride. 

The fact that acridine and dihydroacridine do not similarly form a bimolecular complex 


may be taken to favour (II), which would also explain the formation of a dihydrochloride, 
although phenazine only forms a monohydrochloride, and also the ready dissociation of the 
complex into its components in solution. 
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On the basis of actual hydrogen transfer, formule pee and (IV), the latter the analogue of 
the quinhydrone acetal, may be advanced. Of these, the former with its quinonoid struc- 
ture might be taken to explain the colour of the complexes, were it not that the highly 
quinonoid 9: 9’-dianthryl-10 : 10’-quinone exists as canary-yellow needles, and tetra- 
phenylhydrazine is almost colourless. A rather unlikely possibility is that the complex is 
(III) containing free ions in its crystal lattice. Formula (IV) is not favoured, because such 
a complex would not be likely to be easily resolved into its components. 

The work is being actively extended, but it will probably be just as difficult as in the 
rather simpler case of the quinhydrones to reach finality on the structure of the complexes. 


EXPERIMENTAL. 


1:2:3: 4-Tetrahydrophenazine.—cycloHexane-1 : 2-dione (Wallach, Amnalen, 1924, 487, 
174) (9 g.), o-phenylenediamine (9-3 g.), fused sodium acetate (12 g.), and glacial acetic acid 
(30 c.c.) were refluxed for 2 hours and the product was poured into water (50 c.c.), made alkaline 
with sodium hydroxide, and extracted with ether. Removal of the ether left a solid (9 g.), 
which crystallised from light petroleum in faintly yellow plates, m. p. 92-5° (Found: C, 78-6; 
H, 6-6. C,,H,,N, requires C, 78-3; H, 65%). The compound is easily soluble in dilute acids 
and in the usual organic solvents, 
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Phenazine.—1 : 2: 3 : 4-Tetrahydrophenazine (1 g.), glacial acetic acid (20 c.c.), and iodine 
(3-5 g.) were refluxed for 8 hours, water added, and the solution made alkaline and steam- 
distilled. The distillate was extracted with ether, the ether removed, and the residue recrys- 
tallised from alcohol, giving yellow needles, m. p. 171°; mixed m. p. with phenazine, 171°. 

1-Methyl-1 : 2: 3 : 4-tetrahydrophenazine.—1-Methylcyclohexane-2 : 3-dione (25 g.), o-phenyl- 
enediamine (22 g.), freshly fused sodium acetate (33 g.), and glacial acetic acid (75 c.c.) were 
refluxed for 2 hours. The product was poured into 150 c.c. of water, made alkaline, and ex- 
tracted with ether. The ether was removed, and the residue fractionated; the fraction, b. p. 
160—165°/20 mm., solidified and then crystallised from light petroleum as faintly yellow plates 
(35 g.), m. p. 37° (Found: C, 78-8; H, 7-1. C,3H,,N, requires C, 78-8; H, 7-:1%). 

1-Methylphenazine.—1-Methyl-1 : 2: 3: 4-tetrahydrophenazine (10 g.), iodine (25 g.), 
and glacial acetic acid (50 c.c.) were refluxed for 8 hours, the mixture cooled and made alkaline 
with dilute sodium hydroxide solution, and the 1-methylphenazine distilled in superheated 
steam. It crystallised from light petroleum in lemon-yellow needles (4-5 g.), m. p. 108° (Found : 
C, 80-25; H, 5-5. Calc. for CjsH,)N,: C, 80-4; H, 5-2%). 

Phenazine-1-carboxylic Acid.—1-Methylphenazine (1 g.) and chromic acid (1 g.) were refluxed 
for 1 hour in glacial acetic acid (10 c.c.), the mixture made alkaline, and unchanged methyl- 
phenazine (0-3 g.) extracted with ether; the aqueous solution was acidified with sulphuric 
acid, and the acid product extracted in ether and crystallised from methylated spirits, giving 
yellow needles (0-4 g.), m. p. 239°, not depressed by admixture with a specimen of the 1-carb- 
oxylic acid prepared by the method of Kégl and Postowsky. 

An Attempt to prepare Phenazine-1-carboxylic Acid by Chromic Acid Oxidation of 1-Methyl- 
1: 2:3: 4-tetrahydrophenazine.—1-Methyl-1 : 2: 3 : 4-tetrahydrophenazine (5 g.) was warmed 
at 100° with a solution of potassium dichromate (12-5 g.) and dilute sulphuric acid (100 c.c. of 
25% v/v) for 1 hour. An excess of sodium carbonate was added, the precipitated chromium 
hydroxide filtered off, the solution made just acid with hydrochloric acid, and an excess of copper 
carbonate added. The resulting brown precipitate was collected, suspended in alcohol, and 
treated with hydrogen sulphide. On concentration of the alcoholic filtrate, crystals separated, 
which when recrystallised from water (charcoal) gave almost colourless plates with a slight 
greenish tinge, m. p. 114—117° (with evolution of water). When the acid was sublimed at 
1 mm., and the product crystallised from benzene, plates were obtained, m. p. 187° [Found for the 
acid, m. p. 114—117°: C, 56-2; H, 5-15; equiv., 139-5; M (Rast), 300. C,,H,)N,(CO,H),,H,O 
requires C, 56-1; H, 5-0%; equiv., 142; M, 284. Found for the acid, m. p. 187°: C, 59-8; 
H, 4:15. C,,;Hy9N,(CO,H), requires C, 60-0; H, 4:6%]. 

Phenazhydrin between Methylphenazine and its Dihydro-form.—(a) 1-Methyl-1: 2:3: 4- 
tetrahydrophenazine (5 g.) was melted and allowed to drop during } hour down a tube contain- 
ing platinised asbestos at 325°, in an atmosphere of hydrogen. The products were expelled 
by the hydrogen, and solidified in a receiver to a dark purple crystalline mass, which when 
recrystallised from light petroleum gave dark purple prisms, m. p. 116° [Found: C, 79:8; 
H, 5:8. C,3;H )N_,C,;H,,N, requires C, 80-0; H, 5-6%]. 

(b) 1-Methylphenazine (0-5 g.) and 1-methyldihydrophenazine (0-5 g.) were each dissolved 
in the least quantity of hot light petroleum, and the solutions were mixed. On cooling, a com- 
pound separated identical with the above. This compound is oxidised in air at room temper- 
ature in a few days, or at a 100° in a few minutes, producing only 1-methylphenazine. 

The Phenazhydrin between Phenazine and Dihydrophenazine.—This was prepared as in (b) 
above, and formed blue prisms, m. p. 209° (decomp.) .(Found: C, 79-5; 4H, 5:3. 
Ci2HyoN_,C,,.H,N, requires C, 79-6; H, 50%). 

The Phenazhydrin from Phenazine and Methyldihydrophenazine.—Prepared as in (b) above, 
this formed purple prisms, m. p. 157—160° (Found : C, 79-4; H, 5-8. C,,H,N,,C,3;Hy9N, requires 
C, 79-9; H, 5-4%). An identical compound resulted from the combination of dihydrophenazine 
and 1-methylphenazine. On steam-distilling this compound until all the volatile matter had 
passed over, only methylphenazine was obtained (m. p. 108°, from alcohol). After addition of 
ferric chloride, phenazine was removed in steam (m. p. 171°). 


Our thanks are due to Mr. O. Telfer for microanalyses and to Imperial Chemical Industries, 
Ltd., for a grant, 
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440. Investigations of the Olefinic Acids. Part XIII. 
A’-n-Hexenoic Acid and “‘ Hydrosorbic”’ Acid. 


By R. A. Letcu and R. P. LINSTEAD. 


THE “ hydrosorbic ”’ acid prepared by the reduction of sorbic acid with sodium amalgam 
has been proved to be a mixture of A®- and A’-n-hexenoic acid (Goldberg and Linstead, 
J., 1928, 2343 ; Evans and Farmer, ibid., p. 1644), but neither component has been separated 
from it. As the A’-acid was required for synthetic purposes, its.isolation from hydrosorbic 
acid was attempted. 

It was not found possible to effect a separation of the A8- and the A’-acid either by taking 
advantage of the difference in velocity of formation of the amides from the esters of the 
component acids (compare Philippi and Galter, Monatsh., 1929, 51, 253) or by the method 
of partial esterification. The two acids are esterified at practically the same rate, which, 
in view of the difference between their dissociation constants—A® 3-05, A” 1-91 (x 10-5)— 
confirms Sudborough’s contention that there is no simple connexion between the two 
phenomena. The rapid esterification of the A’-acid, however, led to the following indirect 
method of separation. 

Hot alkali converts the A®-acid into a mixture containing 74% of the At- and 26% of the 
Af’-acid, but has no effect on the A’-isomeride (Eccott and Linstead, J., 1929, 2153). 
Similar treatment of hydrosorbic acid, assumed to be a 50% mixture of the A®- and the 
A’-acid, should yield 37% of the Az-, 13% of the A’-, and 50% of the A’-acid. Such a 
mixture on controlled esterification should yield the A*- and the A”-acid as esters and leave 
the At-acid unchanged. By hydrolysing the esters and repeating the whole process of 
equilibration and partial esterification twice, the A’-acid should be obtained almost free 
from its isomerides. 

This process was successful in practice and yielded A’-hexenoic acid almost identical 
in properties with that prepared by other methods (see table below) ; the method seems the 
simplest available for the preparation of the acid in quantity. From the amounts of acids 
and esters isolated, the proportion of the A’-isomeride in “ hydrosorbic ’’ acid prepared 
by the reduction of sorbic acid by sodium amalgam in slightly acid solution is estimated 
to be 55—60%, in agreement with Burton and Ingold’s figure of 55% (J., 1929, 2022). 

A’-Hexenoic acid has previously been prepared (i) by decarboxylating the lactonic acid 
obtained by the reduction of «-acetylglutaric acid (Fichter, Ber., 1896, 29, 2370), (ii) by 
the pyrolysis of «-hydroxy-«-methyladipic acid (when the A*-isomeride also is formed; 
Fichter and Langguth, Annalen, 1900, 313, 375; Ber., 1897, 30, 2051), and (iii) by decarb- 
oxylating A’-butenylmalonic acid (Eccott and Linstead, loc. cit.). The product of the 
third method differed in physical properties from Fichter’s acid, but yielded the same 
derivatives. In view of this discrepancy, all three processes have been re-examined and 
are now found to give essentially the same material with the properties shown below : 


Anilide, Dibromide, 


Ay-n-Hexenoic acid from M. p. B. p. ax. n*. m. p. m. p. 
** Hydrosorbic’”’ acid ............ +1° 107°/16 mm. 0°9610 1°4385 87° 84° 
Acetylglutaric acid..............+ 0 110/20 mm. 0°9647 1°4380 87 84 
Hydroxymethyladipic acid ... 0 107/16 mm. — — —_ —_ 
Butenylmalonic acid ............ +1 102/12 mm. 0°9658 1°4367 87 84 


The A-butenylmalonic acid which yielded this hexenoic acid was prepared by a new method 
described in the following paper. The cause of the difference previously observed is 
unknown, but there is no longer any reason to assume the existence of a definite stereo- 
isomeride. 

Eijkmann (Rec. trav. chim., 1893, 12, 160) states that by crystallising the (Fichter) acid 
from cold petroleum an acid of m. p. 13° is obtained, but we have been unable to confirm 
this and from the concordance in properties of the products of four totally different pre- 
parative methods we regard the acid of m. p. 0O—1° as being pure A’-m-hexenoic acid. 
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EXPERIMENTAL. 


[Recorded densities and refractive indices are for d%° and n}’ respectively. Iodine additions 
(J) are for a 10-minute reaction at 20°. All the esterifications were conducted at room tempera- 
ture, a 1-2N-solution of hydrogen chloride in methyl alcohol being used.] 

Hydrosorbic acid was prepared in 75% yield by reducing sorbic acid with sodium amalgam, 
sufficient sulphuric acid being added periodically to keep the solution acid. 10 G. were treated 
with 7-5 c.c. of methyl-alcoholic hydrogen chloride and 19-5 c.c. of methyl alcohol for 2 hours. 
Conversion into the ester (b. p. 57°/16 mm.) was almost complete and this was hydrolysed to an 
acid of J 65-4%. In another experiment the acid (10 g.) with J 65-7% was treated with 1 c.c. 
of alcoholic acid and 3 c.c. of methyl alcohol for 5 hours. The unesterified acid had J 65-1% 
and that obtained by hydrolysis of the ester had J 67-7%. This proves that there is no appreci- 
able separation of the A®- and the A’-acid by esterification. 

Hydrosorbic acid (40 g.) was equilibrated over-night (steam-bath) with 40 g. of caustic potash 
and 80 c.c. of water, and the crude acidic product (35 g.) treated with 27 c.c. of alcoholic acid 
and 70 c.c. of methyl alcohol for 1-5 hours. The unesterified acid (10 g.), which was separated 
in the usual way (Eccott and Linstead, Joc. cit.), was almost pure A*-n-hexenoic acid, m. p. 32°. 
The ester (30 g.) was hydrolysed and equilibrated by heating it (steam-bath, 15 hours) with 
30 g. of caustic potash in 60 c.c. of water and a little alcohol. The recovered acid (18 g.) 
was esterified with 13 c.c. of alcoholic acid and 35 c.c. of methyl alcohol for 1-5 hours, to yield 
a small amount of an acid and 16 g. of anester. The acid was a semi-solid mixture of (mainly) 
the At- and the A’-acid with J 25-4%. The ester was hydrolysed and equilibrated as before to 
an acid (11 g.), which was esterified (9 c.c. alcoholic acid, 23 c.c. alcohol, 1-5 hours) to almost 
pure methyl A’-n-hexenoate, b.p. 54°/20 mm., d 0-9136, m 1-4244, whence [Rz]p = 35-73 (calc., 
35-71). A trace of unesterified acid with J 54-2% remained. This ester on hydrolysis yielded 
10 g. of Ay-n-hexenoic acid with the properties tabulated above (whence [R;]p = 31-16; calc., 
30-98). A mixture of this acid and a sample prepared from acetylglutaric acid melted at 0—1°. 

The above figures show that 35 g. of equilibrated hydrosorbic acid gave 10 g. of the Az-acid 
and 30 g. of the A®- and the A’-ester, equivalent to 24 g. of acids. If # is the amount of the 
A8-acid in 35 g. of hydrosorbic acid, then after equilibration the mixture will contain (35 — %) g. 
of the AY-, 267/100 g. of the A®-, and 747/100 g. of the As-acid. 

From 74%/100 = 10, x = 13-5 g. 

From 35 — # + 267/100 = 24, x = 14:8 g. 
The A%-acid content of hydrosorbic acid is thus about 14/35 or 40%. The true amount will 
probably be a little greater than this owing to the formation of 8-hydroxy-acid during equili- 
bration, which will occur solely at the expense of the A’-acid. By a similar calculation the 
proportion of the A®-acid in the A’-acid finally isolated is estimated to be about 1%. 

The other preparative methods do not call for special comment. - All the products gave the 
characteristic cadmium salt (Fichter) and anilide, m. p. 87° (Eccott and Linstead). Treated 
with bromine in carbon disulphide, they all yielded an oily dibromide which solidified (vacuum) 
to the same d-dibromo-n-hexoic acid, white needles from benzene-—petrol, m. p. 84° (Found : 
Br, 58:2. C,H,,O,Br, requires Br, 58-4%). The identity of the derivatives of the various 
preparations was confirmed by mixed m. p. determinations. 


We thank the Chemical Society for a grant. 
IMPERIAL COLLEGE, Lonpon, S.W. 7. [Received, October 11th, 1934.] 





441. Investigations of the Olefinic Acids. Part XIV. Preparation and 
Additive Reactions of A°-n-Hexenoic Acid. An Unusual Isomeric 
Change in the Three-carbon System. 


By R. P. LINsTEAD and H. N. Rypon. 


THE examination of the additive reactions of unsaturated acids (Boorman, Linstead, and 
Rydon, J., 1933, 568) has now been extended to the simplest acid of the A*series in the 
hope that further light would be thrown on the effect on additive properties of the recession 
of the double bond from the carboxyl group. The main results were inconclusive, but 
certain incidental observations of interest were made. 




















1996 Linstead and Rydon: 


The known methods for the preparation of A®-n-hexenoic acid (I) (Wallach, Annalen, 
1900, 312, 189; 1905, 343, 48; Helferich and Malkomes, Ber., 1922, 55, 702; Fichter and 
Langguth, Annalen, 1900, 313, 375; Ber., 1897, 30, 2051) failed to give an acid of sufficient 
purity for the purpose in view, but it was eventually prepared in good yield through 
A’-n-butenylmalonic acid (V) as follows : 

CH,:CH-CH,Br —> CH,:CH-CH,°CH,-OH —> CH,:CH-CH,°CH,Br —> 
(II.) (III.) 
CH,:CH-CH,°CH,*CH(CO,Et), —> CH,:CH-CH,°CH,°CH(CO,H), —> 
(IV.) (V.) 
(I.) CH,:CH-[CH,],°CO,H 
The p-toluidide of the acid so prepared and also, though less readily, by the methods of 
Wallach and Fichter, melted at 58°. The figure (75°) given by Fichter and Pfister (Ber., 
1904, 37, 2000) is possibly a misprint. From this crystalline derivative the acid could be 
regenerated through the ethyl ester (p. 1999). This process is convenient for the purification 
of liquid acids, even those containing comparatively labile double bonds, and has been 
successfully applied to A*-n-hexenoic acid. The regenerated A*-acid was similar to the 
other preparations in general properties, but, unlike them, it could be frozen to a crystalline 


solid with a sharp melting point.* 


Preparative method. M. p. B. p. ad. np - 
Fichter and Langguth f ......... _ 101—102°/8 mm. 0°9648 1-4358 
IIE £ cticwcescccecncesrsonsocene ca. —60° 108/13 mm. 0°9635 1-4349 
From AY-butenylmalonic acid ca. —56 103/12 mm. 0°9607 1°4337 
Regenerated from toluidide...... —37 107/17 mm. 0-9610 14343 


¢ Present authors’ figures. 


The purity of the various samples of the acid was also assessed by oxidation with 
permanganate. The regenerated acid gave glutaric acid as required for a A*-double bond, 
together with a small amount (6%) of succinic acid, possibly formed from a little A’-acid 
or by secondary oxidation. The material prepared from A’-butenylmalonic acid yielded 
8% of succinic acid, but the Fichter and the Wallach acid gave 51% and 36% respectively 
and the presence of substantial amounts of the A’-acid in these can hardly be doubted. 

The material of m. p. — 37° was used as pure A®-hexenoic acid in this work. Like all 
A’-acids and unlike all A®-, the acid was not isomerised by a large excess of potash at 100°. 

Isomeric Change of A’-Butenyl Bromide or A”’-Butenol._—The conversion of A’-butenol 
(II) into the bromide (III) was smoothly effected by phosphorus tribromide and pyridine, 
following Juvala (Ber., 1930, 63, 1989). The magnesium compound of this bromide re- 
acted with phenyl isocyanate (Schwartz and Johnson, J. Amer. Chem. Soc., 1931, 53, 
1063) to yield the pure anilide of A’-n-pentenoic acid (VI), which established its homogeneity 
and the position of the double bond. Moreover, the derived malonic acid (V) was readily 
obtained in the pure condition (m. p. 92°). When, however, the same butenol was treated 
with hydrobromic and sulphuric acids, it yielded a mixture of the A’- and the A-bromide 
(III and VII). The presence of the former was shown by the fact that the action of phenyl 
isocyanate on the Grignard compound yielded a mixture of anilides from which a small 
amount of the A’-n-pentenoic derivative could be separated. On the other hand, the brom- 
ide gave a mixture of malonic acids from which A*-butenylmalonic acid (VIII), m. p. 113°, 
could be isolated, and this on decarboxylation yielded pure A’-n-hexenoic acid of m. p. 1° 
(compare preceding paper). 
; CH,:CH-CH,°CH,Br —-> CH,:CH-CH,°CH,°CH(CO,H), 







ee ‘v.) 
CH,!CH-CH,-CH,-CO-NHPh 
CH,!CH-CH,-CH,-OH (VI.) 





(VII). (VIII.) 
CH,-CH:CH-CH,Br —-> CH,‘CH:CH-CH,-CH(CO,H), 

* The preparation of this acid completes the re-examination of the nine simplest normal olefinic acids 
(other than acrylic acid), all of which have now been obtained in the crystalline state in these laboratories 
and have been fully characterised.—R. P. L. 
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The migration of a double bond during the conversion of an unsaturated alcohol into a 
bromide has already been observed in the case of substituted allyl alcohols, which isomerise 
thus : 

R-CH(OH)-CH:CH, —+> R-CHBr-CH:CH, —> R°CH°CH-CH,Br 


(Baudrenghien, Bull Soc. chim. Belg., 1922, 31, 160; Lépingle, Bull. Soc. chim., 1926, 39, 864 ; 
Bouis, ibid., 1927, 41, 1160). In these substances the migrating atom is bromine, whereas 
A’-butenyl bromide is novel in that it is hydrogen which appears to migrate. The change 
is also noteworthy for the fact that the three-carbon system is separated from the only polar 
atom by a methylene group. 

Additive Reactions of A*-Hexenoic Acid.—(1) Lactonisation. Theory suggests that A®-n- 
hexenoic acid should yield 8- and not e-n-hexolactone on treatment with sulphuric acid 
(Linstead, J., 1932, 115; Linstead and Rydon, J., 1933, 580). Unfortunately the lacton- 
isation was accompanied to an unusual extent by side reactions, particularly when the acid 
was kept with cold dilute sulphuric acid. The lactonic product undoubtedly contained 
8-hexolactone, but differed from the pure material, which was independently synthesised 
(m. p. 18°), in that it could not be crystallised. No trustworthy method could be devised 
for the estimation of the amount of e-lactone present. Pure 8-n-hexolactone, like other 
8-lactones, was formed comparatively quickly when solutions of the salts of the corre- 
sponding 8-hydroxy-acid were acidified, and was readily hydrolysed by boiling water to 
yield an equilibrium mixture containing 52% of the hydroxy-acid. The terminal methyl 
group stabilised the ring to some extent, for 3-valerolactone is hydrolysed to the extent of 
83% under the same conditions (Linstead and Rydon, loc. cit.). 

This stabilisation of the lactone ring by alkyl substitution is also shown by a comparison 
of the tendency of various 3-lactones to polymerise. Carothers, Dorough, and van Natta 
(J. Amer. Chem. Soc., 1932, 54, 761) have observed that the spontaneous polymerisation 
of 8-lactones is inhibited by «-alkyl substitution and we find that 8-alkylation produces a 
striking effect in the same direction. or instance, of the lactones described in this 
and our previous paper, 8-valerolactone polymerised completely in a month, 8-methy]l- 
§-valerolactone (3-hexolactone) partly in six months, and 388-dimethyl-3-valerolactone 
has now been kept for two years without appreciable change. On the basis of 
Carothers’s view that polymerisation is due to the formation of ester linkages between the 
lactone molecules, the new facts indicate that the ease of esterification of various types of 
potential hydroxyl groups in this way is the same as that of real hydroxyl groups, namely, 
primary OH > secondary OH > tertiary OH (compare Menschutkin, Ann. Chim. Phys., 
1880, 20, 229; 1881, 23, 14; 1883, 30, 81). Monomeric 8-hexolactone can be regenerated 
from partly polymerised material by vacuum distillation, whereas the polymerisation of 
8-valerolactone cannot be reversed in this way. 

(2) During preliminary experiments on the addition of hydrogen bromide to A*-n- 
hexenoic acid the possible importance of peroxides on the orientation of the addition was 
not realised. The acid is, however, not particularly suitable for work of this kind, as neither 
of the possible addition products, 3- and e-bromohexoic acids, could be obtained crystalline 
for direct comparison. The ethyl ester of the e-bromo-acid reacted slowly with ethyl 
sodiomalonate to yield a product hydrolysing to suberic acid, but the 8-bromo-esters could 
not be characterised in this way and the analysis of the addition products was therefore 
incomplete. 

EXPERIMENTAL. 


[Recorded densities and refractive indices are for d?” and n}* throughout. Iodine additions, 
J, were determined for 10 minutes at 20°. Equivalents of lactones were obtained by back 
titration.] 

Preparation of A®-n-Hexenoic Acid.—(i) Fichter and Langguth’s method. The original 
procedure was modified as follows: A paste of 115 g. of potassium cyanide (95%) and 40 c.c. of 
water was treated dropwise with stirring with 198 g. of y-acetobutyric acid (Fittig and Wolff, 
Annalen, 1882, 216, 127). The product was acidified after 12 hours, left for 24 hours, and 
extracted with ether. The crude cyanohydrin (225 g.) was hydrolysed with concentrated hydro- 
chloric acid (3 hours on the steam-bath), and the a-hydroxy-«-methyladipic acid isolated by 





1998 Linstead and Rydon : 


continuous extraction with ether for 48 hours. The semi-solid product was boiled for 5 hours 
with 10% caustic soda solution (400 c.c.), freed from neutral material, acidified, extracted as 
before, and left in a vacuum; it then readily solidified. Yield, 50 g. of the pure acid, m. p. 
91° (crystallised from ether and light petroleum). The acid was pyrolysed at 190° for 3 hours 
and the product purified through the barium salts, following Fichter and Langguth. The 
barium salt insoluble in alcohol yielded pure A’-n-hexenoic acid (5 g., b. p. 107°/16 mm., m. p. 
0°). The soluble barium salt, freed from the A’-salt by two evaporations and extractions with 
alcohol, was converted into the crude A®-acid, which was purified through sodium bicarbonate ; 
8-85 g. were obtained with the physical properties given on p. 1996 (Found : equiv., by titr- 
ation, 114-5. Calc., 114-1). The p-toluidide crystallised from petroleum in flattened needles, 
m. p. 56°, alone or mixed with the derivative prepared by method (iii). 

(ii) Wallach’s method. Mixtures of 10 g. (not more) of pure cyclohexanoneoxime, m. p. 89° 
(Osterberg and Kendall, J. Amer. Chem. Soc., 1920, 42, 2618), and 20 c.c. of sulphuric acid 
(80% by volume) were heated over a small flame until violent reaction set in. The product ofa 
number of such experiments was diluted with an equal volume of ice and very carefully neutral- 
ised with 30% caustic soda solution (mechanical stirring) at 0O—10°, and the e-hexolactam isol- 
ated by extraction of the filtrate from the precipitated sodium sulphate with chloroform. The 
lactam, b. p. 138—140°/8 mm., m. p. 70—71°, formed plates from light petroleum. The yield 
(45% in 65 experiments) was much lower if excess of alkali was added before extraction (com- 
pare Ruzicka, Helv. Chim. Acta, 1921, 4,477). The lactam (230 g.) was refluxed for 30 minutes 
with 210 c.c. of concentrated hydrochloric acid and 1 1. of water, and the solution evaporated to 
dryness. The residue of e-aminohexoic acid hydrochloride was dissolved in a little water and 
treated with 146 g. of sodium nitrite in 250 c.c. of water, added during 2 hours (ice-cooling and 
mechanical stirring). After 4 hours, the product was distilled in steam, leaving a large residue 
(207 g.). The mixture of acid and lactone in the distillate was extracted and separated in the 
usual manner. The e-hexolactone (9 g.) after treatment with anhydrous potassium carbonate 
had b. p. 103°/13 mm., d 1-0188, ” 1-4423, [Rz]p 29-65 (calc., 29-36), equiv. 114-6 (calc., 114-1). 
The unsaturated acid (30 g., 12%) had the properties already given (Found : equiv., 115-1) and 
solidified slowly in solid carbon dioxide—ether (compare Helferich and Malkomes, /oc. cit.). The 
acid yielded an acid chloride, b. p. 54—56°/15 mm., and a p-toluidide, m. p. 49—51° (crude), 
56° after crystallisation, mixed m. p. 56°. 

(iii) From allyl bromide. A¥-n-Buten-a-ol (II) was prepared by the following improvement 
of the method of Pariselle (Ann. Chim., 1911, 24, 318; compare Grischkevitsch-Trochimovski, 
J. Russ. Phys. Chem. Soc., 1916, 48, 901). Toa gently boiling mixture of magnesium turnings 
(24 g.), trioxymethylene (30 g.), and ether (250 c.c.), a mixture of 120 g. of allyl bromide, 200 c.c. 
of ether, and a little iodine was added during 6 hours (mechanical stirring). Stirring and boiling 
were continued for 2—3 hours and the mixture was then left over-night at room temperature, 
poured on 500 g. of ice, and decomposed with a slight excess of dilute sulphuric acid. The 
aqueous layer was distilled in steam and the first 500 c.c. of distillate were saturated with potass- 
ium carbonate and extracted with ether. The extract and the original ethereal layer were dried 
and fractionated. Four such runs gave 136 g. of pure butenol, b. p. 112—114°. The yield 
(47%) is lower if the stirring is inefficient, if boiling is not maintained, or (in agreement with 
Juvala, Joc. cit.) if the addition of allyl bromide is hurried. 

«-Bromo-A’-n-butene (III) was obtained in 50% yield by Juvala’s method, or better as fol- 
lows: A mixture of the butenol (115 g.) and pyridine (35 g.) was added dropwise with mechan- 
ical stirring during 6 hours to 172 g. of phosphorus tribromide at 0°. The mixture was then 
distilled until the residue frothed and gave off nauseous fumes. The distillate was washed with 
alkaliand water, dried over calcium chloride, and distilled. Yield, 144g. (78%); b. p. 97—102°. 
The bromide (1-5 g.) yielded A’-n-pentenoanilide (0-7 g.) by Schwartz and Johnson’s procedure 
(Joc. cit.). This had m. p. 88—89° (crude), 91° after being crystallised from benzene—petroleum, 
and 92° in admixture with an authentic specimen. 

153 G. of the hromide were added to a mixture of 26 g. of sodium, 380 c.c. of alcohol, and 
180 g. of malonic ester. The reaction was at first moderated by cooling and was finished on the 
steam-bath over-night. A’-Butenylmalonic ester, isolated in the usual way, boiled at 
116—121°/12 mm. (yield, 178 g.; 74%). This was hydrolysed over-night at room temperature 
with 200 g. of caustic potash in 280 c.c. of water to A’-n-butenylmalonic acid, m. p. 87—89° 
(crude), 92° after crystallisation from benzene and a little light petroleum (unchanged on further 
crystallisation). Yield, 114 g. (88%) (Found: C, 53-1; H, 6-3. C,H,9O, requires C, 53-2; 
H, 6-3%). 

75 G. of this acid were decarboxylated at 160° for 3 hours (wax-bath) ; distillation then yielded 
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53 g. of an acid, b. p. 101—104°/12 mm. This was purified through sodium bicarbonate in the 
usual way, 47 g. of A®-n-hexenoic acid being obtained with the physical properties given on p. 1996 
(Found : equiv., 113-0. Calc., 114-1). 

Regeneration. 34 G. of this acid were converted through the acid chloride, b. p. 59— 
60° /24 mm., into the p-toluidide (52 g., m. p. 55—58°), which formed flattened needles, m. p. 
58°, from light petroleum. The m. p. was sharp and unaffected by further crystallisation 
(Found : C, 76-6; H, 8-4. Calc. forC,,;H,,ON : C, 76-8; H, 8-4%). 78G. of the recrystallised 
p-toluidide were refluxed for 24 hours with 85 g. (2 equivs.) of sulphuric acid in 850 c.c. of absol- 
ute alcohol. The product was poured into water (3 1.) and extracted with ether; the extract 
was washed with brine, dried, and freed from solvent. The residue yielded 45 g. (83%) of ethyl 
A’-n-hexenoate, b. p. 65—66°/15 mm., ” 1-4212, d 0-8960, [Rz]p 40°23 (calc., 40-33) (Found : 
C, 67-3; H, 9-8. C,H,,O, requires C, 67-6; H, 9-8%). This ester (43 g.) was hydrolysed over- 
night at room temperature with 250 c.c. of 10% aqueous sodium hydroxide and sufficient 
alcohol for miscibility. A®-n-Hexenoic acid was isolated in the usual way, purified through 
sodium bicarbonate, and distilled. In addition to the properties already recorded it had : 
[Rz]p 30-94 (calc., 30-98), equiv., 114-8, and J 72-9% (Found: C, 63-4; H, 8-8. Calc. for 
C,H,9O,: C, 63-2; H, 8-8%). 

The acid was heated for 72 hours at 100° with 25% potash solution (10 equivs.). The 
recovered acid (88%) was practically unchanged (b. p. 111—112°/21 mm., d 0-9592, n 1-4338, 
equiv. 113-9, J 74-:3%). 

Oxidation of the Various Samples of A®-Hexenoic Acid.—The acid (about 1-5 g.) in an excess 
of 10% aqueous sodium bicarbonate was treated at 0° with a slight excess of 3% potassium 
permanganate solution, and the oxidation completed at room temperature. The solution was 
filtered, acidified, and extracted continuously with ether for 24 hours. The solvent was removed 
from the dried extract, and the residue weighed and crystallised from 25 volumes of benzene. 
The insoluble succinic acid was weighed and identified by mixed m.p. The soluble glutaric 
acid was freed from dihydroxy-acid on a porous tile, crystallised, and identified similarly. 
The A’-n-hexenoic acid, m. p. 1°, described on p. 2000 gave a 78% yield of oxidation product 
which was pure succinic acid, m. p. and mixed m. p. 184°, and the various preparations of the 


A’-acid gave the following results : 
Oxidation product. 


Total Succinic acid. Glutaric acid. 
4°-Acid. yield, %. Mol.%. M.p. Mixed m. p. M. p. Mixed m. p. 
Regenerated  .......seeseeeseeeeee 81 6 182° 184° 96° 97° 
From butenylmalonic acid ... 66 8 180 182 95 97 
Wallach’s method _ ........+.+. 66 36 183 185 96 98 
Fichter’s method  ............00« 76 51 183 185 85 92 


Other Attempted Preparations of A®-n-Hexenoic Acid.—(i) Oxidation of cyclohexanone with 
Caro’s acid. The procedure of Ruzicka and Stoll (Helv. Chim. Acta, 1928, 11, 1159) left the 
ketone unattacked, and by the method used by Baeyer and Villiger (Ber., 1899, 32, 3625) for 
the oxidation of suberone, cyclohexanone was oxidised and esterified to a high-boiling oil which 
could neither be distilled without decomposition nor dehydrated to a hexenoic ester. ¢-Hexo- 
lactone also could not be prepared by these methods. 

(ii) Through A®-pentenol. Allylacetoacetic ester was prepared in 85% yield by Briihl’s 
method (J. pr. Chem., 1894, 50, 133), but on reduction by Bouveault and Blanc’s method it 
gave so poor a yield (12%) of the desired alcohol that the conversion through the bromide and 
nitrile into the acid was not attempted. 

Isomeric Change of AY-Butenyl Bromide.—The product obtained from 93 g. of bromine, 
120 g. of ice, and sufficient sulphur dioxide was treated with 65 g. of AY-butenol. The mixture 
was heated to 100° with mechanical stirring and 59 g. of concentrated sulphuric acid were added 
dropwise, stirring and heating being continued as long as an oil distilled over. The lower 
layer of the distillate was washed with sodium carbonate solution, dried, and distilled, 47 g. 
(39%) of butenyl bromide, b. p. 95—100°, and 54 g. (28%) of dibromobutane, b. p. 171—176°, 
being obtained. The Grignard compound prepared from the monobromide yielded with phenyl 
isocyanate, a pasty solid, m. p. 50—60° after having been pressed on a porous tile. After a 
number of slow crystallisations from dilute solutions in light petroleum, a little pure A’-n- 
pentenoanilide was isolated, m. p. 90°, mixed m. p. 91°. 

47 G. of butenyl bromide were treated with ethyl sodiomalonate (from 8 g. of sodium, 100 c.c. 
of absolute alcohol, and 47 g. of malonic ester). The malonic ester formed (48 g., 70%, b. p. 
127—135°/21 mm.) was hydrolysed in the usual manner to an acid which slowly solidified (20 g., 
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60%). After three crystallisations from benzene and light petroleum, 10 g. were obtained of 
m. p. 113°, not depressed by admixture with a sample of A’-butenylmalonic acid, m. p. 114°, 
prepared by Eccott and Linstead’s method (J., 1929, 2153) [Found : C, 52-9; H, 6-3; equiv. 
(dibasic), 158-6. Calc. : C, 53-2; H, 6-3%; equiv. (dibasic), 158-2]. 

8-3 G. of this acid were decarboxylated in the usual manner. The A’-n-hexenoic acid 
obtained (5-2 g., 85%) had b. p. 102°/12 mm., m. p. and mixed m. p. 1°, d 0-9658, » 1-4367, 
[Rz]p 30-93 (calc., 30-98) (Found: C, 63-2; H, 8-7; equiv. 113-8 Calc.: C, 63-2; H, 8-7%; 
equiv. 114-1). This acid yielded a p-toluidide, m. p. 100° (Eccott and Linstead give 103°), 
and a dibromide, m. p. 84° (Letch and Linstead, preceding paper), which did not depress the 
m. p.’s of authentic samples. 

Additive Reactions.—Preparation of reference substances. 8-Hexolactone was made essentially 
by the method of Fittig and Wolff, who give only scanty details (loc. cit.). Ethyl y-aceto- 
glutarate was obtained by condensing 60 g. of ethyl 6-chloropropionate, 57 g. of ethyl aceto- 
acetate, and 10-7 g. of sodium in 130 c.c. of ethylalcohol. Yield, 79%; b. p. 158—163°/15 mm. 
Hydrolysis (/oc. cit.) yielded 90% of y-acetobutyric acid (b. p. 146—148°/7mm.). 35 G. of this 
acid were treated with 11 g. of caustic soda in 125 c.c. of water, and 900 g. of 5% sodium 
amalgam were added during 4 days. The solution was acidified, boiled under reflux for 30 min- 
utes, cooled, saturated with sodium bicarbonate, and extracted with ether. The residue from 
the extract was freed from acid by treatment with potassium carbonate and distilled, a 21% yield 
of §-hexolactone being obtained, b. p. 107°/14 mm., m 1-4451, d 1-0443, [Rz]p 29-12 (calc., 29-36) 
equiv. 114-4 (calc., 114-1). This solidified in ice to long flattened needles, m. p. 18°. When 
the lactone was warmed with caustic soda and iodine, iodoform was liberated (distinction from 
y-hexolactone). The pure lactone became thick after 6 months and deposited a white poly- 
merised material, by slow distillation of which under reduced pressure the pure lactone was 
regenerated, b. p. 113°/20 mm., m. p. 17°. 

The amount of hydroxy-acid formed from the lactone in N/25-aqueous solution at 100° 
during 24 hours (Linstead and Rydon, Joc. cit., p. 585) was 50-7, 53-7%. The rate of lactonis- 
ation of this hydroxy-acid under the standard conditions (J., 1932, 127) was as follows : 


Time (mins.) ...........+006 0 15 30 60 90 120 
% Lactone formed 32°3 40°8 45°7 47°6 48°2 


Hydrogen bromide was passed into the moist lactone at 100° for 10 minutes, the excess 
then being removed over potash ina vacuum. The 8-bromohexoic acid formed failed to solidify 
even when the above treatment was repeated. It was converted into the ester, b. p. 122— 
125°/22 mm., in 75% yield by the usual method (Wohlgemuth, Ann. Chim., 1914, 2, 298). 
The same ester could be more readily obtained by saturating a solution of the lactone (1-13 g.) 
in 5 c.c. of alcohol with hydrogen bromide at 0° (4 hours). After standing over-night, the pro- 
duct was poured into 250 c.c. of water, the ester extracted with ether and washed with aqueous 
sodium carbonate, and the solvent removed from the dried extract. The residue yielded 1-74 g. 
(94%) of ethyl 8-bromohexoate, b. p. 121—122°/21 mm. (Found: Br, 35-8. C,H,,0,Br requires 
Br, 35-9%). The ester obtained by both methods reacted very slowly with ethyl sodiomalonate 
under the conditions previously used (Boorman, Linstead, and Rydon, /oc. cit.). After 5 days’ 
refluxing, reaction was complete and on hydrolysis a yield of about 50% of an intractable oil 
was obtained. 

A’-n-Hexenoic acid in light petroleum solution was treated with hydrogen bromide in the 
usual way. The bromo-acid failed to solidify and was converted into an ester (71% yield), 
b. p. 118—123°/22 mm., which exactly resembled the above in its behaviour towards ethyl 
sodiomalonate. 

Addition of Hydrogen Bromide to A’-n-Hexenoic Acid.—The general methods previously 
described were followed. (i) Addition to the acid alone was complete in 15 minutes. The pro- 
duct failed to solidify and was converted into the bromo-ester in 79% yield, b. p. 128— 
131°/24 mm. Condensation of this with ethyl sodiomalonate was complete in 22 hours and the 
product on hydrolysis readily yielded almost pure suberic acid, m. p. (crude) 141°, mixed m. p. 
142°. (ii) Addition to the acid dissolved in light petroleum was rapid. The liquid bromo-acid 
gave an ester (86%, b. p. 122—128°/21 mm.) which reacted completely with ethyl sodiomalon- 
ate in 28 hours. After hydrolysis a 40% yield of an acid was obtained, m. p. (crude) 130— 
134°, which formed prismatic needles from water, m. p. 142°, unchanged by admixture with 
suberic acid. (iii) Addition to the acid moistened with 4% of water was complete in 15 minutes. 
The liquid bromo-acid yielded 80% of an ester, b. p. 129—135°/25 mm., which reacted slowly 
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with ethyl sodiomalonate (5 days) to yield a product hydrolysing to an intractable oil. This 
product closely resembled that obtained from authentic $-bromohexoic ester. 

Lactonisations.—After 15 minutes’ boiling of A®-n-hexenoic acid with 50% sulphuric acid, 
a product was isolated in 85% yield, b. p. 104—105°/16 mm., d 1-0130, m 1-4397, [Rz]p 29-57 
(calc., 29-36), equiv. 114-6 (calc., 114-1). This contained no residual acid, as shown by its be- 
haviour with baryta and lack of affinity for iodine (J 0-5%), but did not solidify in a freezing 
mixture and was therefore not pure 8-hexolactone. It liberated iodoform when warmed with 
caustic soda and iodine and did not polymerise on long standing. 

The acid dissolved almost immediately in cold 60% sulphuric acid with a slight rise in tem- 
perature. After 1 hour, four extractions with ether removed only 43% of a lactonic product, 
b. p. 103—105°/16 mm.,  1-4387, equiv. 114-7, J 0-4%, which did not solidify in a freezing 
mixture but gave a positive iodoform reaction. Another sample of acid after similar treatment 
was extracted continuously for 24 hours with ether; 49% of a product was isolated, b. p. 105— 
108°/15 mm., d 1-0387, ” 1-4500, [Rz]p 29-52, equiv. 120-7, which failed to solidify in a freezing 
mixture. These experiments show that the lactonisation is masked by the formation of nearly 
60% of some very soluble or volatile material. Both these lactonic products polymerised on 
long standing in a similar manner to pure $-hexolactone. 


We thank the Royal Society and the Chemical Society for grants. 
IMPERIAL COLLEGE, LONDON, S.W. 7. [Received, October 11th, 1934.] 





442. Investigation of the Olefinic Acids. Part XV. The Effect of 
Peroxides on the Orientation of the Addition of Hydrogen Bromide 
to Vinyl- and Allyl-acetic Acids. 


By R. P. LinsTEAD and H. N. Rypon. 


In a recent paper (Boorman, Linstead, and Rydon, J., 1933, 568) it was shown that the 


direction of the addition of hydrogen bromide to vinyl- and allyl-acetic acids was deter- 
mined by the nature of the solvent. The bromine atom attached itself to the carbon atom 
nearer the carboxyl group (proximate addition *) under the following conditions: in the 
absence of solvent, in the presence of water, or in solution in acetic acid or ether; if, how- 
ever, the acid was dissolved in a hydrocarbon solvent, this orientation was reversed (distant 
addition *). In investigations on similar additions to unsaturated bromides and hydro- 
carbons, Kharasch and Mayo (J. Amer. Chem. Soc., 1933, 55, 2468) and Kharasch, McNab, 
and Mayo (ibid., pp. 2521, 2531, and subsequent papers) showed conclusively that the pre- 
sence of peroxides was of vital importance in determining the orientation; for instance, 
allyl bromide underwent distant (1 : 3) addition in the presence of added peroxide, oxygen, 
or oxygen-containing solvents but proximate (1 : 2) addition in the presence of anti-oxi- 
dants, or when the pure material was allowed to react in an atmosphere of hydrogen. 
Kharasch and his co-workers observed that distant addition preponderated in hydrocarbon 
solvents but not in acetic acid, a fact which was attributed to the anti-oxidant properties 
of the latter. 

It therefore seemed possible that the reversal of addition observed with unsaturated 
acids was due to the same cause, particularly as the solvent effects were similar. This 
possibility appeared to be strengthened by Smith’s observation (Nature, 1933, 132, 447) 
that the usual orientation of the addition of hydrogen bromide to undecenoic acid in petrol- 
eum was substantially reversed in the presence of anti-oxidants. Ashton and Smith’s 
more recent results (this vol., p. 435) indicate that undecenoic acid, unless highly purified, 
contains traces of material which readily forms an active peroxide. 

The behaviour of vinyl- and allyl-acetic acids has now been re-examined with the 
following results: (1) The direction of addition to both acids in hexane (normally distant) 

* These terms have the advantage over “‘ terminal ’’ and “‘ non-terminal’’ that they can be used 
for additions to other than terminal double bonds, the term distant being applied to the carbon atom 
further removed from the characteristic atom or group (carboxyl, bromine, etc.). 
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is not reversed by the presence of anti-oxidants (hydrogen, quinol, diphenylamine). (2) 
Addition to vinylacetic acid in the absence of solvent (proximate) is unchanged in the 
presence of 1% of benzoyl peroxide. (3) Addition to freshly prepared allylacetic acid 
without solvent occurs in the same direction (proximate) as that to old samples which 
contain peroxide. (4) Admixture of 1% of benzoyl peroxide, however, reverses the normal 
addition to allylacetic acid in the absence of solvent, and this provides the only difference 
from our previous observations. 

These experiments gave unambiguous results, and homogeneous solid bromo-acids were 
obtained except in two experiments (see below) where the orientation was determined 
indirectly. Addition did not proceed in both directions simultaneously to any appreciable 
extent. 

It is clear that peroxides exert a much smaller influence on additions to these unsatur- 
ated acids than on those to unsaturated bromides and the orienting effects of solvents 
cannot in this case be due to variations in the peroxide effect. The previous generalis- 
ations (J., 1933, 569) may be amplified as follows. The normal addition (which follows 
the Markownikoff rule) may be completely masked by the effect of the carboxyl group and 
the presence of peroxides. It is necessary from the results of Ashton and Smith to recognise 
that the direct effect of the carboxyl group ceases to operate when the number of methylene 
groups intervening between the carboxyl and the double bond is increased from 2 to 8. 
The point of inflexion can only be found by experimental study of intermediate acids. 
The importance of the peroxide effect is variable and the results so far obtained indicate that 
it decreases as the double bond approaches the carboxyl group. 


EXPERIMENTAL. 


Vinyl- and allyl-acetic acids were prepared and purified by methods already described 
(J., 1933, 560, 582). The additions of hydrogen bromide were carried out by the standard pro- 
cedure (J., 1933, 568). Redistilled sodium-dried n-hexane was used as solvent. 

Addition to Vinylacetic Acid.—(i) In hexane in an atmosphere of hydrogen. Air was expelled 
from the apparatus by means of hydrogen. Reaction was complete in } hour. After removal 
of the solvent the product solidified in ice, and had m. p. 31°, mixed m. p. with y-bromobutyric 
acid, 32°. 

(ii) In hexane in the presence of quinol (1%). Reaction was complete in } hour. The 
product solidified in ice; m. p. 31°, mixed m. p. 32°. 

(iii) In hexane in the presence of diphenylamine (1%). The reaction was complete in 20 
minutes. The product solidified in ice; m. p. 32°, mixed m. p. 32—33°. 

(iv) In the presence of benzoyl peroxide without a solvent. Benzoyl peroxide (1%) was added 
to the acid. Five saturations on successive days were necessary for the completion of the 
reaction. The product solidified immediately in a freezing mixture and had m. p. 14—18°. 
On analysis by the method previously used (Boorman, Linstead, and Rydon, Joc. cit.) it was 
shown. to contain only 0-4% (corr.) of the y-bromo-acid (Found: equiv., by titration with 
baryta, 164-1. Calc., 167-1). 

Addition to Allylacetic Acid.—(i) In hexane solution in an atmosphere of hydrogen. Air was 
first displaced by hydrogen. The product on removal of the solvent had m. p. 40°, unchanged 
on admixture with authentic §-bromovaleric acid. 

(ii) Im hexane in the presence of quinol (1%). This experiment was duplicated. The product 
had m. p. and mixed m. p. 4 40°. 

(iii) In hexane in the presence of diphenylamine (1%). This experiment was duplicated. 
During the addition, about 50% of the product was deposited in crystalline form (m. p. 39°, 
mixed m. p. 39°). The remainder solidified readily on removal of the solvent at room temper- 
ature and had m. p. and mixed m. p. 40°. 

(iv) To stale acids without a solvent. A year-old specimen, giving a positive thiocyanate 
reaction (Kharasch, e¢ al., locc. cit.), was used. The addition proceeded normally, but the product 
did not solidify in a freezing mixture. Esterification by the usual method gave a poor yield 
(54%) of bromo-ester, b. p. 109—110°/18 mm., there being a considerable amount of acrid 
high- welling residue. The bromo-ester, on malonation, hydrolysis, and decarboxylation, gave 
a 90% yield of dicarboxylic acid. The solid that separated first had m. p. 92°, mixed m. p. 
with B- methyladipic acid, 93°. After complete solidification the solid had m.p. 90°. On 
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recryStallisation from benzene it melted at 94°, unchanged on admixture with authentic 
§-methyladipic acid. 

(v) Addition in the presence of benzoyl peroxide (1%). On removal of the reaction vessel 
from the ice-bath (after the passage of hydrogen bromide) a violent exothermic reaction occurred. 
The product did not solidify in a freezing mixture, and on esterification gave an 80% yield of a 
product, b. p. 101—110°/19mm. This, on malonation, hydrclysis, and decarboxylation, gave 
a 90% yield of dicarboxylic acid, m. p. 95°. Recrystallisation from benzene raised the m. p. 
to 104°, not depressed on admixture with authentic pimelic acid. Repetition of the experiment 
led to a similar result. 


We thank the Royal Society and the Chemical Society for grants. 
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443. The Kinetics of the Interactions of Sodiwm Hydroxide with Penia- 
and Hexa-chloro- and -bromo-ethanes in Aqueous Ethyl-alcoholic 


Solution. 
By W. TayLor and A. M. Warp. 


THE carbon-halogen bond may undergo rupture in the presence of hydroxyl or ethoxyl 
groups in a number of ways, rendering certain apparently simple reactions difficult of 
interpretation on an electronic basis (see Robinson, “‘ Outline of an Electrochemical Theory 
of the Course of Organic Reactions,” Institute of Chemistry, 1932, p. 35). Although the 
results of kinetic studies are sometimes ambiguous (see, ¢.g., Ward, J., 1930, 2143), never- 
theless, in the hope that they would aid in elucidating the mode of halogen displacement, 
they have now been applied to penta- and hexa-halogenoethanes. 

An almost instantaneous elimination of one molecule of halogen acids results when 
sodium hydroxide reacts with either s.-tetra-chloro- or -bromo-ethane in ethyl-alcoholic 
solution (Ward, Joc. cit.), and the pentahalogeno-compounds are now found to behave 
similarly, although they are stable in the absence of the alkali. Of these four eliminations, 
that from s.-tetrachloroethane takes place most slowly, but is complete within less than two 
seconds. Pentachloro- and pentabromo-ethane had previously been studied under similar 
conditions by Gowing-Scopes (Analyst, 1914, 39, 385) and by Petrenko-Kritschenko (Ber., 
1928, 61, 845) respectively; although our results are not inconsistent with those of the 
former author, they differ markedly from those of the latter. 

On the assumption that the reactions of these four substances with sodium hydroxide 
are of the same order, the relative values of the velocity coefficients have been found. 
Either of the chloroethanes was allowed to compete with either of the bromoethanes for a 
limited amount of sodium hydroxide in ethyl-alcoholic solution; the halogenated ethanes 
and ethylenes were removed by appropriate methods, and the total resulting sodium 
bromide and chloride was analysed. The competitive method has been discussed fully 
by Ingold and Ingold (J., 1931, 2354), and the necessary experimental conditions prescribed 
by them have been observed. We have used the integrated equation 


kp/ky = [log 6 — log (6 — y)]/[log a — log (a — x)], 


where a and 6 denote the initial concentrations of the halogen compounds A and B, and 
x and y, the respective concentrations destroyed by sodium hydroxide. Two independent 
sets of measurements were taken at 20°, and the results are summarised below. 


Ron,r,/Ron.0, = = 10° 8; Rou, /Ro,ner, = 22; hence Ro,ac oy Resse = 8 = 4° 9; 


cuBr,/Ron,c, = 17°3; Rogues, Ras, = 35; hence konc,/Ron.c, = 


Ward (loc. cit.) has shown that the fairly rapid reaction of sodium EME with 
tribromoethylene in ethyl alcohol at 25° is bimolecular, although there is a fall in the value 
of & in the early stages of the reaction. On the reasonable assumption that the four reactions 
under discussion are bimolecular, it was hoped, by using tribromoethylene and tetrachloro- 
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ethane in competition, to measure the absolute values of the velocity coefficients, but the 
disparity in velocity was too great for the method to be applied. 

Halogen is displaced slowly, under similar conditions from hexabromoethane, and still 
more slowly from hexachloroethane; the only products isolated were the corresponding 
tetrahalogenoethylenes, which react so slowly with sodium hydroxide as not materially to 
affect the kinetic results. Two halogen atoms, without associated hydrogen, are eliminated 
from compounds C,X, and C,X, in these experiments, and oxidation of the solvent alcohol 
must therefore occur; in spite of this, it was decided to use ethyl alcohol because of the 
solubility of sodium hydroxide in this liquid and for purposes of comparison with other 
compounds C,H,_,X, which had already been studied. The yellow to brown colour of 
aldehyde resin slowly develops in the hexachloroethane reaction liquid, and after a longer 
period with tetra-bromo- and -chloro-ethylene (cf. Nef, Annalen, 1896, 298, 332). Possibly 
sodium hypohalite is first formed, but it could not be detected: alkaline phenolphthalein 
is not bleached when added to the reaction liquid, and alkaline solutions of sodium hypo- 
halite added to a large excess of ethyl alcohol are immediately and completely reduced. 

Although hexachloroethane and alcoholic sodium hydroxide give aldehyde resin, 
solutions of sodium hypochlorite and alcoholic sodium hydroxide do not, in whatever 
proportion they are mixed, but cause chlorination of acetaldehyde. The equili- 
brium NaClO + NaCl + H,O == 2NaOH + Cl, may be assumed, and chlorination may 
be ascribed to free chlorine, whilst oxidation is effected by the hypochlorite ion. If, as in 
the hexachloroethane reaction, the concentration of hypochlorite ions at any time is 
extremely small and that of hydroxyl ions is relatively large, the reaction will proceed 
mainly towards the left, with consequent oxidation of the alcohol and formation of aldehyde 
resin. On passing chlorine continuously and in very small quantities into concentrated 
alcoholic sodium hydroxide, the resin was, in fact, formed. 

The velocity of halogen displacement from hexachloroethane was measured in aqueous 
ethyl-a!coholic solution for M/10- and M/100-solutions. The only method of calculation 
of k to give reasonably constant values was that in which a modified bimolecular form was 
used. The following mechanism is in accordance with these results : 


C aCe + OH’ —_ C,C1,;OH oh Cl’ . . . . . . . . . . . (1) 
COMM—» CALM. . 5. grip) cll 
HClO + EtOH + NaOH —> CH,°CHO + NaCl mi 2H,0 a 


The aldehyde would then undergo a slow resinification in presence of hydroxyl ions. On 
this basis, stage (1) is the time reaction, and stages (2) and (3) arerapid. Stages (1) and (2) 
may possibly be considered as a single step, C,Cl, + OH’ —> C,Cl, + Cl’ + HClO. If 
c and d are the initial concentrations of sodium hydroxide and hexachloroethane respec- 
tively, and x is the concentration of sodium hydroxide removed in time #, then dx/dt = 
k(c — x)(d — x/2), whence k = 4°605/t(c — 2d) . logy, d(c — x)/c(d — x/2). Values of k 
in all experiments are thus calculated, and are but little affected by dilution. 

In the early stages of the reaction the amount of resin gradually increases, as shown by 
the intensity of colour, and the formation is attended by a gradual decrease in the values of 
k. This is followed by a gradual diminution in the intensity of colour, visible coagulation 
of the resin, and a gradual rise in the values of k. The variation in the values of & is not 
due to increased viscosity of the liquid, for this is sensibly constant. [From a separate 
study of its formation in alkaline ethyl alcohol containing acetaldehyde, the resin appears 
to be a negative colloid : sodium ions coagulate it slowly, and hydrogen ions rapidly.] 

This view as:to the cause of the decrease in the value of k was confirmed by dissolving 
hexachloroethane in a resin sol 14 days old; the value of k was lower, and showed far less 
diminution with time. It appears that & is approximately inversely proportional to the 
concentration of aldehyde resin. Attempts were made to avoid the complications by 
introducing urea or sodium bisulphite to remove the oxidising material formed, but the 
resin still resulted, and the values of & were very irr 

Hexabromoethane, unlike hexachloroethane and tetra-chloro- and -bromo-ethylene, 
reacts instantly with acetaldehyde in presence of sodium hydroxide, no resin being formed 
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although it is readily obtained by the interaction of sodium hypobromite and alcoholic 
sodium hydroxide. The experimental evidence supports the view that reaction proceeds 
between hexabromoethane and hydroxy] ions as in the case of hexachloroethane, but that 
the aldehyde formed is then very rapidly brominated and oxidised : 


CH,CHO + NaOH + C,Br, —> CH,Br-CHO + C,Br, + NaBr + H,O . (4) 
CH,Br-CHO + NaBrO + NaOH —> CH,Br-CO,Na + NaBr+H,O . . (5) 


Hence, the molecular ratio of hexabromoethane and sodium hydroxide destroyed in stages 
(1), (2), and (3) (p. 2004) will be 2: 4, and in stages (4) and (5) it will be 1 : 2, z.e., the ratio 
in any time intervalis1:2. The rate of reaction will, therefore, be governed by the equation 
used for hexachloroethane, and this was found best to fit the experimental values. For 
comparison with the results for hexachloroethane, two-thirds of this value was taken. 
The slow displacement of bromine from sodium bromoacetate introduces a further com- 
plication which causes an upward drift in the values of k. 

The reaction represented by (4) suggests that acetaldehyde is in tautomeric equilibrium 
with its enolic form in alkaline as well as in acid solution (see Dawson, Burton, and Ark, 
J., 1914, 105, 1287). According to Dawson and Carter (J., 1926, 2292), for the enolisation 
of acetone the ratio koge/ky®@ is 10/(442 x 10-6), the catalytic activity of the hydroxyl ion 
being more than 20,000 times as great as that of the hydrogen ion. Dawson and Powis 
(J., 1912, 101, 1510) show that the addition of small amounts of sodium hydroxide “ by 
reason of the rapid decomposition of the sodium hydroxide (by iodine) cannot throw much 
light on the nature of the isomeric change in the initial stages or of the occurrence and 
velocity in neutral or in alkaline solution.”” Hexabromoethane, on the other hand, reacts 
with sodium hydroxide only very slowly. It thus appears to be an exceptional reagent 
for confirming directly the catalytic efficiency of the hydroxyl ion in keto-enol tautomeric 
changes. From the observed result given in (4), the full scheme of this stage of the reaction 
may be 

CH,CHO °% CH,:CH-OH (rapid) 
CH,:CH-OH + C,Br,;-Br —> CH,(C,Br;)*CHBr-OH (rapid) 
CH,(C,Br,;)*CHBr(OH) —> CH,Br-HO + C,Br, + HBr (rapid) 


According to Dawson, Burton, and Ark (loc. cit.), the first step under the catalytic influence 
of the hydrogen ion is slow. Propaldehyde reacts in a similar way towards hexabromo- 
ethane. Acetone and acetoacetic ester also react instantly but remove approximately 3 
and 2 mols. of sodium hydroxide respectively, instead of 1 mol. for the aldehydes. 

The relatively slow reactions of potassium hydroxide with ethyl chloride, bromide, and 
iodide in ethyl-alcoholic solution have been shown by Grant and Hinshelwood (J., 1933, 
258) to be closely bimolecular, although again there is a fall in the values of & in the early 
stages of the reaction. Ethyl alcohol is the main product, with very little ethylene: The 
extreme differences in the rates of elimination of halogen from the two sets of compounds 
(see Table I, where values are given for k,;- in g.-mols./l./sec.) are most probably due to 
the operation of different mechanisms. 


TABLE I. 
Class S (slow). Class R (rapid). 
Ethyl bromide ‘ Pentabromoethane ] 
Ethyl chloride r Pentachloroethane {“ Instan- 


Hexabromoethane Tetrabromoethane taneous ”’ 
Hexachloroethane 6-31 x 10-* Tetrachloroethane | 


The seats of attack in these molecules by the nucleophilic (see Ingold, J., 1933, 1121) 
hydroxyl ion are the carbon and hydrogen nuclei; the electrophilic halogen nuclei would 
necessarily repel the hydroxyl ion. For reaction to proceed, there must be a recession of 
electrons from the space immediately surrounding either of these two nuclei. The presence 
of — atoms in these molecules ensures this state of affairs. In hexa-bromo- and 

P 
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-chloro-ethanes the carbon nucleus is the only possible seat of attack and the mechanism 
is probably : 


ian 
Br Br® 
64/7 
x 
OH® OH 


A similar mechanism would be applicable to all compounds in class S—the ethyl] halides 
yield ethyl alcohol. In class R the hydrogen nucleus is the probable seat of attack, the 
mechanism being 
Bry 3—7Br Bry Br 
BreC<C>Br —> Bro a H,O 
Br¥ . ‘H+ Br 
6H7 


In each class (excluding C,X,) it is possible that both types of mechanism are operating, 
with that type preponderating which is suggested above (cf. Baker, j., 1933, 1129). Grant 
and Hinshelwood’s hypothesis (/oc. cit.) that “‘ reactions between an organic compound and 
an ion in solution tend to take place at approximately the rate given by the simple kinetic 
equation ” k = Ze~*'*?, which may be written as 


k = (N/1000)o,, .>[8RT(1/M, + M,)}te-*/*? 


appears to be fairly true for compounds of class S. Hexachloroethane does not give close 
agreement, but the critical increment (£) in this case is calculated from kinetic results at 
two temperatures only. As in the case of hexabromoethane, disturbing factors are 
obviously involved and the values of the critical increments which have been derived from 
kinetic data can only be regarded as approximate. Values of k (obs.) and & (calc.), in 
g.-mols./l./sec. at 25°, are given in Table II; o, , is taken as 4 x 10° cm. throughout, 
owing to lack of precise knowledge of the size of the hydroxyl ion. From a consideration 
of tribromoethylene, which may be taken to belong to class R, the reactions. of this class 
appear to be abnormally fast. 
TABLE II. 
E (critical 
k (obs.). increment). 
*Ethyl bromide 7°63 x 10-5 21,000 
*Ethyl chloride 2°86 x 10-¢ 23,000 
Hexabromoethane = 2-96 x 10-* 19,000 
Hexachloroethane 6°31 x 10-¢ 19,600 
+Tribromoethylene 1-86 x 10-3 25,100 
* Values obtained from Grant and Hinshelwood (loc. cit.). 
t+ Values obtained from Ward (ioc. cit.). 


EXPERIMENTAL. 


Preparation of Materials —Commercial pentachloroethane was fractionally distilled, and a 
constant-boiling fraction collected; b. p. 158°/760 mm. (Thorpe, J., 1880, 37, 192, gives b. p. 
159-1° (corr.)/760 mm.] [Found : Cl (Stepanow), 87-8. Calc. : Cl, 87-6%. Stepanow’s method 
gives low results with these highly halogenated ethanes, unless the liquid, after addition of 
sodium, is refluxed for at least 20 hours. All other halogen estimations were carried out in this 
way]. 

Pentabromoethane was prepared by shaking bromine with tribromoethylene (Elbs and 
Newmann, /. pr. Chem., 1898, 58, 249), the reaction being instantaneous and the yield almost 
theoretical; m. p. 55° (Bourgoin, Bull. Soc. chim., 1875, 28, 173, gives m. p. 56—57°; Elbs and 
Newmann, Joc. cit., give 55°; Denzel, Ber., 1879, 42, 2208, gives 54°). 

Tetrabromoethylene was prepared by dissolving pentabromoethane (64 g.) in boiling methyl- 
ated spirits (300 c.c.) and adding 2N-aqueous sodium hydroxide until phenolphthalein in the 
liquid remained slightly pink; boiling must be maintained in order to prevent the separation 
of either tetrabromoethylene or pentabromoethane. Excess of alkali was neutralised with 
hydrochloric acid, and then sufficient water was added to cause a slight permanent turbidity. 
On cooling, almost all the tetrabromoethylene crystallised within 24 hours. The crystals were 
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filtered off, washed with a little methylated spirits and then water, recrystallised from spirits, 
and dried in a vacuum; yield 96%; m. p. 56° (Biltz, Ber., 1902, 35, 1530, gives m. p. 56-5— 
575°; Nef, Annalen, 1897, 298, 332, m. p. 56°; Lemoult, Compt. rend., 1903, 136, 1334, m. p. 
55°). 

Tetrachloroethylene was similarly prepared from a cold solution of pentachloroethane 
(50 g.) in methylated spirits (550c.c.). After neutralisation, the liquid was added to 1 1. of water, 
and the oil which slowly separated from the resulting emulsion was dried over calcium chloride 
and distilled; yield 98%; b. p. 119—120°/780 mm. (Herz and Rathmann, Chem.-Zig., 1912, 
86, 1417, give b. p. 118-5°/751 mm.). i. 

Hexabromoethane was prepared by Mouneyrat’s method (Bull. Soc. chim., 1898, 19, 177); 
much tar was produced (see also Elbs and Newmann, /oc. cit.) and the yield was low, being only 
14% of the weight of s.-tetrabromoethane (Found : Br, 95-1. Calc.: Br, 95-2%) When heated 
in acapillary tube, it decomposed into tetrabromoethyleneand bromine at 195—196° (Mouneyrat, 
loc. cit., gives 200—210°). An improved method of preparation was to add bromine (16c.c. ; 
dried oversulphuricacid) totetrabromoethylene (15g.) in carbon disulphide (70c.c.) solution, using 
resublimed iodine (0-05 g.) as a catalyst, and refluxing for 50 hours; the hexabromoethane was 
separated by distilling off the solvent and some bromine and iodine, the remainder being removed 
on the water-bath. At about 70°, it is solid whereas tetrabromoethylene is liquid and can be 
decanted off, the last traces being removed by extraction with small quantities of hot methylated 
spirits. The hexabromoethane was crystallised from carbon disulphide, giving pure material, 
decomp. 198—199°; yield 7-5 g., 34%. Other solvents and catalysts were ineffective, and the 
use of bromine dried as above is essential. 

Hexachloroethane, recrystallised commercial material, melted in a sealed capillary at 181° 
[Stadel, Ber., 1878, 11, 1738, gives m. p. 186-85—187-40° (corr.)] (Found: Cl, 90-2. Calc.: 
Cl, 89-9%). 

Kinetic Experiments.—Ethyl alcohol (A) used in preliminary kinetic experiments was 
ordinary absolute alcohol. Later work was carried out with alcohol (B) which was lime-dried 
and then distilled from lime, or (C), lime-dried and distilled, followed by refluxing and distilling 
over aluminium amalgam. For experiments with hexabromoethane, it was especially important 
that the alcohol should be freed from acetaldehyde, and this was effected by (D) subjecting 
alcohol (B) to refluxing and distillation over dry silver nitrate alone (Senter, J., 1911, 99, 96) or 
together with a little potassium hydroxide (Dunlap, J. Amer. Chem. Soc., 1906, 28, 395), or by 
(E) refluxing alcohol (B) over aluminium amalgam and then distilling it in nitrogen and storing 
it in contact with this gas. 

In the actual experiments, to 90 c.c. of approx. M/10-solution of the substance in ethyl 
alcohol, at the required temperature, were added 10 c.c. of approx. 2N-aqueous sodium hydr- 
oxide. Experiments were also made at one-tenth of these concentrations. The reaction was 
stopped by adding 10 c.c. of the liquid to about 50 c.c. of cold water (previously boiled and cooled 
out of contact with carbon dioxide for M/100-solutions). The resulting suspension was titrated 
with N/10- or N/100-hydrochloric acid, with phenolphthalein as indicator. Attempts to 
determine ionised halide by use of N/100-silver nitrate and dichlorofluorescein were not 
successful. Values of k are calculated from the equation on p. 2004, where ¢ is expressed in 
hours, and all concentrations in g.-mols./1. The value of c was obtained by titrating, with 
the standard hydrochloric acid, 10 c.c. of a solution prepared by adding 10 c.c. of the sodium 
hydroxide used to 90 c.c. of alcohol. 

Hexachloroethane. Details of two experiments at 25-0° using ethyl alcohol (C) are given, 
titres being expressed as c.c. of N/10-solution both here and elsewhere unless otherwise specified : 


Experiment 1. Experiment 2. 
c = 0°2236; d= 0°0818; c = 0°2236; d= 0°1191; 
c — 2d = 0°0600. c— 2d= — 0°0146. 

Titre. Colour. k x 104. , Titre. Colour. k x 104. 
22°36 Colourless _ 22°36 Colourless _ 
20°59 Lemon-yellow 244 19°89 Yellow 217 
18°88 Orange 166 17°91 Orange 144 
17°93 Brown 112 16°21 Brown 108 
14°72 ie 106 12-32 a 101 
12°94 = 117 9°97 eo 112 
1l-1l Yellow 132 8:08 Yellow 120 

9°42 Pale yellow 152 5°32 ~=Pale yellow 160 

7°85  V. pale yellow 3°44 ~=~*V. pale yellow 198 

5°44 oe +s —_ 1-80 - * 289 
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The mean of seven experiments at 25° gave initial k,,. = 227 x 10“, and that of two experi- 
ments at 35° gave k,,- = 676 x 10-*, whence the temperature coefficient is 2-99 per 10° and 
E, = 19,900 cals. An experiment at 35° with M/100-hexachloroethane gave initial k,,. — 
610 x 10+. 

That the viscosity of the reaction liquid (¢ = 0-2034, d = 0-0873) does not alter markedly 
was shown by measuring the time of flow of 10 c.c. in an Ubbelohde viscometer at 25°: ethyl 
alcohol (B), which was used as solvent, gave a time of flow of 53-8 secs., whereas during 1155 
hours’ reaction the times varied only between 76-8 and 75-2 secs. 

In an experiment to show that resin fgymation is responsible for the variation in the values 
of k, 10 c.c. of aqueous sodium hydroxide were added to 90 c.c. of ethyl alcohol (B) and acet- 
aldehyde, and the mixture was left at 25° for 14 days. Then hexachloroethane was dissolved 
in the almost black liquid, and 10 c.c. were immediately titrated against N/10-hydrochloric 
acid: this value is the titre at = 0. The results are given below : 


Experiment 3. 
c= 0°1791; d= 0°0868; acetaldehyde = M/10; temp. = 25°. 
t. Titre. k x 104. t. Titre. k x 104. t. Titre. 
0 17°91 — 336 16-09 37 1026 13°86 
20°5 17°64 41 476 15°57 37 2175 9°66 
165 16°97 41 671 14°99 33 


At the end of the experiment the liquid had become orange-red. 

In experiment 1 it may be taken that the concentration of aldehyde which has formed resin 
is 0-0382 g.-mol./1. at ¢ = 663, and in experiment 3 the corresponding concentration is 0-1000 
g.-mol./l. at = 0. The ratio of these concentrations, viz., 0-382, is very close to the inverse 
ratio of the corresponding values of k, viz., 106: 41 = 1: 0-387. There is not such close agree- 
ment between the results of experiments 2 and 3, but it appears that k is approximately inversely 
proportional to the concentration of aldehyde which has formed resin. 

Tetrabromoethylene. Two experiments in ethyl alcohol (C) are detailed. In experiment 4 
pentabromoethane was used, and in 5, tetrabromoethylene. 


Experiment 4. Experiment 5. 
c¢ = 0°2907 — 0:0930 = 0°1977; c = 02072; d= 0-0906; 
d= 0°0930; c — 2d= + 0°0117. c— 2d= + 0°0260. 
t. Titre. k x105. t. Titre. kx105, t. Titre. kx105, t. Titre. kx105. 
0 19°77 — 505 17°56 276 0 20°72 — 505 19°07 309 
67 19°44 357 963 16:17 253 67°5 20°56 291 1081 18:18 252 
117-5 19°08 373 1411 14°81 263 115°5 20°22 376 1411 17°21 275 
170 18°95 305 2016 12°46 322 167 20°15 312 2016 14°95 358 
336°5 18°42 249 2492 11°05 328 337 19°52 318 2492 13°42 408 


Initial kogpry at 25° = 374 x 10-5. 


In each experiment the colour became pale yellow after about 500 hours and then persisted. 

Tetrachloroethylene. In an experiment with tetrachloroethylene at 25°, using ethyl alcohol 
(B), with ¢c = 0-2371, d = 0-1786, the values of k x 105 at ¢ = 883, 1368, and 2687 hrs. were 
14, 14, and 11 respectively. 

Hexabromoethane. Experiments were confined to M/100- or M/200-concentrations owing 
to the very low solubility in ethyl alcohol. Preliminary experiments with ethyl alcohol (A) 
revealed a rapid initial displacement of bromine, followed by a comparatively slow displacement, 
and large drifts were found in the values of k by whatever method they were calculated. The 
following experiment is typical : 


c = 0-01938; d = 0-00685; temp. = 25°. 
0 3 7 il 16 
Titre, c.c. N/100 19°38 15°72 15°47 15°29 15°10 


A solution of hexabromoethane (0-5 g.) and acetaldehyde (0-1 g.) in 100 c.c. of ethyl alcohol 
(A) was prepared, and 10c.c. were added to water (50 c.c.),the resulting suspension being titrated 
with N/100-sodium hydroxide. There was no trace of acidity, showing that hexabromoethane 
and acetaldehyde do not react in neutral solution. 

Standard ethyl-alcoholic (D) solutions of acetaldehyde, prepared by distilling paraldehyde 
from phosphoric acid (d 1-75), were made, and measured volumes of them were used in determin- 
ing the effect of acetaldehyde on ethyl-alcoholic (D) solutions of hexabromoethane and sodium 
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hydroxide. In the following experiments at 25° the initial titres were found from alcohol 
(D)-sodium hydroxide solutions containing the same concentration of acetaldehyde as in the 
hexabromoethane liquid. (In the following six experiments, ¢ is given in mins., and titres in 
c.c. of N/100.) 


(Brel = 0:004786 ; [NaOH] = 0°03056 ; [C,Br,g] = 0°00648 ; [NaOH] = 0°02718; 
[(CH,°CHO] = 0°00396. [(CH,-CHO] = 0°00099. 
t = 1, titre = 26°51; ¢ = 30, titre = 26-08. t = |, titre = 26°30. 
[NaOH removed instantly] = 0°00405. [NaOH removed instantly] = 0°00088. 
It is clear that the sodium hydroxide consumed instantly is equal to the concentration of acet- 


aldehyde when hexabromoethane is present in excess. The two following experiments similarly 
show that the converse is also true : 


[(C,Brg] = 0°00531 ; [NaOH] = 0-03056 ; [C,Br,g] = 0:00382; [NaOH] = 0°03056 ; 
(CH,-CHO] = 0°03962. [CH,-CHO] = 0°03962. 

t= 1, titre = 25°17; ¢ = 30, titre = 24°00. t = Il, titre = 26°59. 

[NaOH removed instantly] = 0°00539. [NaOH removed instantly] = 0-00397. 


Hence in the rapid initial reaction equimolecular proportions of hexabromoethane, acetaldehyde, 
and sodium hydroxide react. For purposes of comparison, experiments were performed with 
hexachloroethane at 25° in ethyl alcohol (D) : reaction of alkali is only very slight. 


[(C,Cl,] = 000640; [NaOH] = 0°03056 ; [C,Cl,] = 0-°07666 ; [NaOH] = 0°1993; 
[CH,-CHO]} = 0°03962. [CH,-CHO] = 0°1248. 
t = 2, titre = 30°46. t = I, titre = 19°83. 


Details of two experiments with hexabromoethane at 25° in ethyl alcohol (E) are given below. 


c = 0°00784; d= 0°00565; c = 0°02092; d= 0°00401; 
c— 2d= — 0:00346. c— 2d= + 0°01290. 


Titre, Titre, Titre. 


Titre, 
t. c.c.N/100. 100%. t. c.c.N/100. 100 &. t. ~=6c.c. N/100. 100 2. t. c.c.N/100. 100 4. 
0 7°82 — 166°83 2°28 193 0 20°92 — 166°6 13°69 177 


107 7°54 — 214°5 1:76 194 133 20°31 —_ 21418 13°21 204 
22°97 «6°41 163 = 286°5 1-23 196 22°73 18°43 168 286°25 12°99 211 
46°8 5°29 168 334 0°86 216 46°52 16°84 164 333°5 12°79 _— 

11375 = 3-41 181 113°67 14°53 168 


Initial k,,. (by extrapolation to ¢ = 0) = 1°60 g.-mol./l./hr. 


The means of two experiments each at 35° and 60° gave initial values: k,,. = 4-65 and Reg = 
63-0, whence the temperature coefficient is 2-89 per 10° and E, = 19,300 calories. The true 
velocity coefficient (see p. 2005) at 25° is # x 160 x 10, i.e., 107 x 10°. 

Products of the Reaction of Hexachloroethane with Aqueous Ethyl-alcoholic Sodium Hydroxide.— 
Hexachloroethane (2-4 g.) and 2N-aqueous sodium hydroxide (10 c.c.) were dissolved in ethyl 
alcohol (A) (90 c.c.) and the solution kept at 35° fora week. The aqueous residue after distill- 
ation was homogeneous. The distillate was added to 1 1. of water, and the resulting emulsion 
settled over-night to an almost colourless oil and traces of a white solid. The oil was washed, 
dissolved in ether, dried (calcium chloride), the ether removed, and the liquid distilled. Crystals 
of hexachloroethane sublimed in the side-tube of the distilling flask, and nearly 1 c.c. of a colour- 
less oil was collected. On redistillation the oil boiled at 121°/760 mm. (Herz and Rathmann, 
loc. cit., give b. p. 118-5°/751 mm. for tetrachloroethylene). 

Products of the Reaction of Hexabromoethane with Aqueous Ethyl-alcoholic Sodium Hydroxide.— 
(a) To hexabromoethane {2-5 g.), dissolved in ethyl alcohol (A) (500 c.c.), 5 c.c. of 2N-aqueous 
sodium hydroxide (equivalent to the displacement of two bromine atoms) were added, and the 
liquid was left for 3 days at room temperature. It was then poured into 1 1. of water, and the 
precipitate was filtered off, washed, and dried; yield, 1-5 g. (calc. for C,Br,, 1-8 g.); m. p. 55°; 
mixed m. p. with tetrabromoethylene 55°, with pentabromoethane 19—22°; mixed m. p. of 
tetrabromoethylene with pentabromoethane 19—22°. (b) The same method as above was 
used with only 2-5 c.c. of alkali; yield, 10g. A m. p. determination with about 5 mm. in 
depth of the solid gave, at 53°, partial fusion to a clear liquid and a line of solid at the bottom, 
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some solid also remaining on the sides of the tube above the liquid level; at 190—200° this solid 
decomposed with production of bromine vapour. A similar determination with a mixture of 
tetrabromoethylene and hexabromoethane gave similar results. A mixture of some of the solid 
with tetrabromoethylene gave initial m. p. 55°, and with pentabromoethane initial m. p. 20°. 

Products of the Reaction of Acetaldehyde and Hexabromoethane with Aqueous Ethyl-alcoholic 
Sodium Hydroxide.—Acetaldehyde (0-22 g.) was dissolved in ethyl alcohol (A) (200 c.c.) and 
shaken with hexabromoethane (2-5 g.) and 5 c.c. of 2N-aqueous sodium hydroxide at room 
temperature. The hexabromoethane disappeared within an hour. The liquid was distilled on 
the water-bath, and the distillate gave a white precipitate of tetrabromoethylene (m. p. tests) 
when diluted with water. The semi-solid residue in the flask was distilled in an oil-bath and 
a mere trace of neutral liquid with a peculiar odour and of b. p. 80—105°/760 mm. was collected 
(Fischer and Landsteiner, Ber., 1892, 25, 2551, give b. p. 80—105°/760 mm. for bromoacetalde- 
hyde). The dry solid remaining after distillation was extracted with water, and the aqueous 
solution again evaporated to dryness; a neutral, white, slightly hygroscopic solid was obtained 
(Found, by titration with AgNO,: Br, 60-4. Calc. for NaBr, 77-6%. Calc. for NaBr + 
CH,Br-CO,Na, 60-7%). Sodium acetate was absent (cacodyl test). When a neutral ferric 
chloride solution was added to a solution of the solid, there was immediately formed a buff- 
coloured precipitate, together with a deeply-coloured liquid, which, on being heated, evolved 
vapours with an odour somewhat resembling that of acetic acid. Sodium bromoacetate 
responded in an identical manner to these tests. 


We are indebted to the Chemical Society for a grant. 


Str Joun Cass TECHNICAL INSTITUTE, Lonpon, E.C. 3. [Received, October 31st, 1934.] 
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m-T oluidine-6-sulphonic Acid. By MADHAVLAL S. SHAH, CHINUBHAI T. Buatrt, and 
DaraB D. KANGA. 


On sulphonating m-toluidine, Limpricht (Ber., 1874, 7, 448) and Lorenz (A nnalen, 1874, 172, 185) 
obtained a monosulpho-derivative which on replacement of its amino-group by hydrogen 
produced o-toluenesulphonic acid. Lorenz concluded that the acid is m-toluidine-2-sulphonic 
acid, but Ostwald (Z. physikal. Chem., 1889, 3, 412) inferred from conductivity measurements 
that it is m-toluidine-6-sulphonic acid. 

We prepared Limpricht’s m-toluidinesulphonic acid in quantity and obtained from it, by 
diazotisation and subsequent decomposition with water, m-cresol-6-sulphonic acid (Claus‘and 
Krauss, Ber., 1887, 20, 3089). Methylation of this gave 3-methoxytoluene-6-sulphonic acid 
(Haworth and Lapworth, J., 1923, 123, 2988). For further confirmation, the methoxytoluene- 
sulphonic acid was converted into 6-thiol-3-methoxytoluene, b. p. 253—254°, 6-methylthiol-3- 
methoxytoluene, b. p. 272°, and 6-methylsulphonyl-3-methoxybenzoic acid, m. p. 180°, identical 
with those described by us (J., 1933, 1375). 

m-T oluidine-6-sulphonic Acid.—Limpricht (loc. cit.) and Lorenz (oc. cit.) obtained a mixture 
of mono- and di-sulphonic acids on sulphonating m-toluidine. By the following modific- 
ation, only m-toluidine-6-sulphonic acid is produced. A mixture of redistilled m-toluidine 
(b. p. 199—200°; 15 g.) and fuming sulphuric acid (SO, 20%; 60g.) was heated at 125° for 8 
hours, cooled, and treated with ice : m-toluidine-6-sulphonic acid, which separated, was washed, 
pressed, and crystallised from water (yield, 24 g.). The barium salt, large prisms, contained 
9 molecules of water [Found : Ba, 23-9; H,O, 31-6. Calc. for (C;H,O;NS),Ba,9H,O : Ba, 24-0; 
H,O, 31-7%], and the tribromo-derivative, obtained on bromination, crystallised from alcohol 
in needles, m. p. 101°, in agreement with the observations of Limpricht (/oc. cit.) and Lorenz 
(loc. ctt.). 

m-Cresol-6-sulphonic Acid.—The above toluidinesulphonic acid (10 g.) was diazotised with 
nitrous fumes, and the diazo-compound isolated in colourless crystals (8 g.), decomp. 107—108°, 
by treatment with absolute alcohol and cooling of the solution in a freezing mixture (Found: 
N, 13-2. Calc. for C,H,O,N,S: N, 13-0%). The diazo-compound was decomposed with 
boiling water, and the resulting cresolsulphonic acid converted into the barium salt, tufts of 
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needles [Found: Ba, 26-0; H,O, 3-2. Calc. for (C;H,0,S),Ba,H,O: Ba, 25-9; H,O, 3-4%], 
and the potassium salt, long needles (Found : K, 14-2; H,O, 16-4. Calc. for C;,H,O,SK,23}H,0 : 
K, 14:4; H,O, 16-6%), identical with the barium and the potassium m-cresol-6-sulphonate 
described by Claus and Krauss (oc. cit.). Haworth and Lapworth’s figures (J., 1924, 125, 1304), 
both found and calculated, for the barium salt are low; their calculated value for the potassium 
salt is incorrect for a dihydrate, but their found value agrees with that obtained by us. 

3-Methoxytoluene-6-sulphonic Acid.—The methoxytoluenesulphonic acid obtained from the 
above cresolsulphonic acid on methylation, yielded, via a syrupy sulphonyl chloride, a sulphon- 
amide, needles, m. p. 128—129°, and a sulphonanilide, clusters of needles or leaflets, m. p. 104°, 
and the former gave on oxidation 5-methoxy-o-benzoicsulphinimide, m. p. 242°, all identical 
with the compounds derived from 3-methoxytoluene-6-sulphonic acid by Haworth and Lap- 
worth’s method (loc. cit.).—THE MADHAVLAL RANCHHODLAL SCIENCE INSTITUTE, GUJARAT 
COLLEGE, AHMEDABAD, INpD1A. [Received, July 16th, 1934.] 





Preparation of Arylcarbimides. By Douactas V. N. Harpy. 


In preparing p-xenylcarbimide by the method of Morgan and Pettet (J., 1931, 1125) it was 
observed that, as carbonyl] chloride is passed into the boiling toluene solution of p-xenylamine, 
a bulky white precipitate accumulates until a pasty consistency is reached. The solid matter 
then gradually dissolves until eventually there remains a residue of s-di-p-xenylcarbamide, 
which does not decrease in amount on prolonged treatment with carbonyl chloride. It was 
concluded that the transitory precipitate consists of p-xenylamine hydrochloride, which passes 
into p-xenylcarbimide, and that s-di-p-xenylcarbamide is produced by interaction of the 
carbimide with free p-xenylamine : 


R-NH, + COCI, = R-NCO + 2HC1; R-NH, + R‘NCO = R-NH-CO-NHR; 
R-NH, + HCl = R:NH,,HCl; R-NH,,HCl + COCI, = R-NCO + 3HCl 


To avoid the wasteful conversion of xenylamine into the carbamide a toluene solution of the 
amine was saturated with hydrogen chloride prior to passing carbonyl chloride, with the antici- 
pated result that not only was an enhanced yield of carbimide obtained but no carbamide was 
formed. 

There is little doubt that many other arylcarbimides may be obtained with advantage by 
this procedure, which has successfully been applied to the preparation of phenylcarbimide. 
This method of preparing the latter offers advantages over that described by Hentschel (Ber., 
1884, 17, 1284; Houben, ‘“‘ Die Methoden der Organischen Chemie,” 3rd Edition, 3, 11). 

Phenylcarbimide.—A hot (preferably not boiling) solution of aniline (93 g.) in toluene 
(1000 c.c.) was saturated with hydrogen chloride, and carbonyl chloride then passed in at the 
boiling point until a clear solution was obtained. By careful fractional distillation through a 
2’ 6” all-glass Dufton column toluene was removed and phenylcarbimide was collected between 
158° and 168° (yield, 99 g.; 7.e., 83%). 

p-Xenylcarbimide.—A solution of p-xenylamine (55 g.) in toluene (500 c.c.) was similarly 
treated. Toluene was removed by distillation from an oil-bath, and crude p-xenylcarbimide 
precipitated by addition of light petroleum (b. p. 40—60°). After recrystallisation from the 
same solvent the yield was 58 g. (91%). 


The author thanks Professor G. T. Morgan, Director of Chemical Research, for permission 
to publish these results—CHEMICAL RESEARCH LABORATORY, TEDDINGTON, MIDDLESEX. 
(Received, November 12th, 1934.] 
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JOHN WILLIAM BIGGART. 
1854—1934. 


JouN WILLIAM BiGGART was born in 1854, in the parish of Beith, Ayrshire, and died, as 
the result of an accident, at Greenock, on 27th March, 1934. 

Biggart studied chemistry under Professor John Ferguson at Glasgow University and 
under Professor Bischof in Anderson’s College, Glasgow. In 1874, he, along with a partner, 
formed the firm of McCowan and Biggart, Analytical and Consulting Chemists, Greenock, 
and it is still carried on under that name, although a few years after starting, McCowan 
severed his connection to join an industrial concern. 

In 1875, Biggart was appointed public analyst for Greenock, and later obtained the 
appointments for Ayrshire, Buteshire, and some small Burghs, carrying on the work 
involved until his death. He was also appointed district analyst under the Fertilisers and 
Feeding Stuffs Act, and was so keenly interested in this branch of his work that he was 
rightly regarded as an expert. 

Biggart did not confine himself to the business of public analyst and district analyst, 
but had also commercial connections, especially with the analysis of sugar and sugar 
products, on which subject he was regarded as an authority. His position is evident from 
the fact that, when the Greenock and Lancashire Sugar Association was formed, he was 
appointed as their official analyst, and also represented them on the Raffinose Commission 
at Berlin in 1910. In addition, he was one of the official analysts to the Royal Commission 
on Sugar Supplies. In all the work he conducted, he was highly appreciated, carrying it 
out with faithfulness and freedom from bias. 

Outside of his professional duties, Biggart was genial in company, and although he was 
a total abstainer all his life, and had decided views on the temperance question, he never 
made unkind remarks on those who differed from him. He was also much interested in 
social work and matters connected with the Church, to which he devoted a good deal of 
his time. In short, Biggart was a typical Scot of the older school, careful and cautious 
in his professional and other duties, and his sympathy was more with the ideas of his 
own early years than with the less conventional ones of the younger generation. 

R, T. THomson. 





FREDERICK WOODWARD BRANSON. 
1851—1933. 


Hap Frederick Woodward Branson lived until the 6th March, 1934, he would have attained 
his 83rd birthday. He passed away on November 30th, 1933, at his residence—Wynne- 
holme, Far Headingley, Leeds. He was a native of Buckinghamshire, being born in 
Hanslope, and served his indentures in the pharmacy of Messrs. Jays in the Drapery at 
Northampton. He passed the Minor examination of the Pharmaceutical Society in 1873 
and the Major in 1878. He was a student at King’s College, London, during the session of 
1880—1881 and was awarded the Clothworkers Science Prize in 1881. He was with John 
Bell & Co. in their historic pharmacy in Oxford Street from'1878 to 1881, acting as laboratory 
assistant to Samuel Gale. 

He became a Fellow of the Institute of Chemistry in 1888 and a Fellow of the Chemical 
Society in 1882. 

In 1883 Branson came to Leeds and entered into partnership with Mr. Richard Reynolds 
and his son, Mr. Fred Reynolds. This partnership carried on the business of wholesale 
and retail chemists and surgical instrument makers which had been founded in 1816 by 
Wm. West, F.R.S. Branson developed the scientific apparatus and chemical glassware 
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side of the business and controlled the analyses undertaken, specialising in water analysis, 
in which his wide knowledge of the geology of Yorkshire made his interpretation of the 
chemical results most valuable. During the outbreak of lead poisoning at Morley in 1901 
he was called in and his recommendations freed Morley from this scourge. In 1898 the 
business was converted into a private company, of which Branson was chairman until 1932, 
when he retired and his son, Mr. F. Hartridge Branson, A.I.C., became chairman and 
managing director of the Company. 

During the war Branson took an active part in endeavouring to standardise the size and 
shape of chemical glass. He was elected a member of the Society of Glass Technology at 
its inaugural meeting in November, 1916, and a member of the first council of the Society, 
holding office until April, 1919. He participated in organising research work with the 
object of securing the manufacture in Great Britain of glass required for the equipment of 
munition factories. The efforts of this committee met with considerable success. 

Branson contributed a paper on the composition of some types of chemical glassware to 
the Society of Chemical Industry (J. Soc. Chem. Ind., 1915, 34, 471) and, in collaboration 
with his son, a paper to the Transactions of the Society of Glass Technology (1919, 3, 249} 
“A proposed standard formula for a glass for lamp workers.”’ 

Branson was for some years in the last century Chairman of the Leeds and District 
Chemists Association and President of the Local Section of the Society of Chemical Industry. 
His services to pharmacy and chemistry were considerable. 

In collaboration with A. F. Dimmock, M.D., he contributed to the British Medical 
Association meeting in 1903 a paper “‘ A new method for the determination of uric acid in 
urine ’’ (Brit. Med. J., 1903, 2, 585). For this process he devised a correction scale which 
was contributed to the British Pharmaceutical Conference in 1904. At the 1905 meeting 
of the British Medical Association a further paper by these two authors was read, “ A rapid 
and simple process for the estimation of uric acid ’’ (tbid., 1905, 2, 1104), in which uric acid 
was precipitated and the precipitate measured in a specially graduated tube. In 1914, in 
collaboration with Dr. Gordon Sharp, he contributed a paper to the British Pharmaceutical 
Conference on the activity of digitalis leaves and the stability and standardisation of 
tinctures of digitalis. 

Branson was a member of the Spectacle Makers’ Company anda Freeman of the City of 
London. He took a very active interest in Leeds Scientific Societies, being a member for 
over 50 years of the Leeds Philosophical and Literary Society which celebrated its centenary 
some years back. He was its President in 1928—1929 and 1929—1930. 

On coming to Leeds Branson at once joined the Leeds Geological Association. He was 
its President in 1907—1908 and gave an address on ‘‘ Radium and Geology ” and again in 
1908—1909, his address being on radioactive elements and geology. He was also President 
during the Jubilee Session, 1923—-1924, and again in 1924—1925. He took an active share 
in tracing the course of underground waters of North West Yorkshire in connection with 
the Yorkshire Geological and Polytechnic Society in 1899, the results of which were published 
in the Proceedings of this Society in 1900. 

Through his instrumentality radium was obtained from Madam Curie and exhibited in 
Leeds soon after its isolation. He was an early worker in radiography and devised an 
instrument for estimating the amount of exposure to X-rays needed to obtain a fully exposed 
plate. Ina memoir of Wilhelm Conrad Réntgen by Otto Glasser, 1933, Branson’s invention 
of a qualimeter is noticed. Speaking of an attempt made to measure the photographic 
quality of the Réntgen rays, Glasser stated: ‘“‘ R6éntgen had studied carefully the penetra- 
tion of the roentgen rays through a series of substances and had used for such measurements 
small ladders of metal of a type which in later years was used generally. This idea was 
made practical by an English firm, who arranged aluminium in gradations or steps in the 
shape of a circle so that an aluminium ladder was formed with steps of from 1 to 10 mm. in 
thickness. With this arrangement the hardness of the rays could be determined on a 
fluorescent screen as that thickness which could just be penetrated by the rays.” 

Branson was also a member and past President of the Leeds Photographic Society and 
Leeds Naturalists Club, to both of which Societies he contributed no small degree of their 


success. 
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Branson was a sportsman of no mean character, being an accurate shot and indefatigable 
in following grouse on the Yorkshire Moors. 

He was Secretary to the Yorkshire Anglers, fishing with them for salmon in the River 
Eden with notable success. He served on the Eden Conservancy Board. 

Branson’s garden was a joy to him even to the very last. He was happy in it and could 
therein lay aside business cares and anxieties. He was particularly interested in Alpine 
plants. His rock garden, the limestone of which he himself collected from the moors round 
Pateley Bridge, contained many uncommon “ Alpines,”’ very skilfully accommodated with 
an environment adapted to their needs. He was associated in his early career with the 
late Dr. G. Claridge Druce, M.A., F.L.S.; with him he botanised at Hastings and their 
friendship continued until death terminated it. 

Music was a recreation to Branson—a pianist of no mean ability and an enthusiastic 
supporter of the Leeds Philharmonic Society. 

His wife, Mrs. Rose Branson, who died in 1924, was a well-known member of the Heading- 
ley Golf Club, as is also Miss R. M. Branson, his daughter; she and Mr. F. Hartridge 


Branson are his only children. 
J. H. Goucu. 





ALLAN THOMAS COCKING. 
1864—1934. 


ALLAN COCKING was born at Rotherham in 1864. After leaving school, he entered the 
office of Mr. C. E. Rhodes, M.I.C.E., and in a few years became his principal assistant. 
His association with Mr. Rhodes brought him into close contact with mining engineering 
problems, such as ventilating systems in mines, safety lamps, and explosives. It is in the 
last field that he eventually specialised and at the early age of 24 he was appointed manager 
of the Flameless Explosives Company. In spite of his commercial duties he found time for 
the study of the sciences and lectured at both Rotherham and Sheffield on chemistry and 
physics. He joined Kynoch, Ltd., as general manager at the age of 29 and was associated 
with this company for nearly thirty years. In 1896 he was appointed a director. When 
Kynoch, Ltd., decided to manufacture explosives, the responsibility of finding sites, erecting 
factories, and organising production fell on Cocking, and the success of the factories 
established first at Arklow, then at Kynochtown in Essex, and still later at Umbogintwini, 
South Africa, might be taken as evidence not only of his ability as a business man but also 
of his expert knowledge of the explosives industry. At the outbreak of war in 1914 the 
demand for increased output of explosives offered a further opportunity for Cocking to show 
his energy and organising ability, and the three factories at Arklow, Kynochtown, and 
Umbogintwini soon increased production very considerably. Prior to 1914, he had set up 
at Arklow one of the first oleum plants in this country, and the rapid extension of oleum 
manvfacture during the war was much facilitated by the knowledge that Cocking was able 
to place at the disposal of the Government. 

Soon after the conclusion of hostilities, a merger of explosives manufacturers was made, 
and Cocking was appointed to the board of Nobel Explosives Limited, retiring in 1921. He 
then associated himself with other interests, including those of the Staveley Coal & Iron 
Company, Ltd., and Alldays & Onions, Ltd., becoming a member of the Board of each of 


these companies. 
H. W. BRownspDon. 





JOHN WILLIAM EDWARD HEATH. 
1856—1934. 


AT a meeting of the Royal Institution Managers in April, 1880, Professor James Dewar was 
given authority to obtain more assistance in the Chemical Laboratories. His chief assistant 
—Gerrard Ansdell—was ordered a sea voyage; and John William Edward Heath, a young 
assayer (born twenty-four years earlier at 33 Upper Gloucester Place) was brought in to 
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help, with such success that after January, 1881, his name appeared on the regular salary 
list of the Institution. He became a Fellow of the Chemical Society in 1891, and his 
certificate, signed by James Dewar, J. D. Liveing, Roberts Austen, F. Abel, and Ludwig 
Mond, stated that he had assisted in all the important investigations cazried out at the 
Royal Institution in the previous ten years. 

When Heath arrived at the Royal Institution, Dewar was in his fourth year as Fullerian 
Professor of Chemistry; and it was not until seven years later that Tyndall ceased to be 
Resident Professor of Natural Philosophy, and accepted an Honorary Professorship. 
Dewar then became the Resident Professor. So Heath came into the Institution when 
the memory of Faraday was very clear and vivid, many of his experiments still being in 
frequent use in the theatre, when Tyndall had several years of activity before him (including 
his two last courses of Christmas Lectures on “‘ Light and the Eye ” and “ the Sources of 
Electricity ’’), and remained until the end of Dewar’s forty-six years’ tenure of the Fullerian 
Professorship, and for two years under Sir William Bragg. 

Heath could tell of the times when fifty Bunsen cells had to be recharged twice a day to 
provide the energy for Tyndall’s lantern projection experiments, and when (by Siemens’s 
generosity) the pioneering Royal Institution generated its own electric power for such work, 
by a dynamo, belt-driven from a primitive gas engine in one of the basement rooms. He 
saw the whole period of the development of the bulky experimental machinery for Dewar’s 
low-temperature research, when knowledge could be won only through laborious and 
dangerous experiment, often including much rough handling for the experimenters. Before 
then he shared a strenuous experience in Dewar’s fervent spectrum researches, when 
J. D. Liveing of Cambridge frequently worked with Dewar in the Royal Institution labor- 
atories—a time when the fireproof “‘ house,” erected in the theatre for the projection 
demonstrations of this work, at times developed an atmosphere more suited to a salamander 
than to a human lecture assistant. His promptness in the lecture theatre on one occasion 
enabled him to quench some liquid hydrogen that became ignited by a spark from an 
induction coil lead, the majority of the audience being unaware of any danger. This was 
the period when lecture demonstration as well as laboratory enquiry was dependent for 
success on the good behaviour of compressors and refrigerators developed under experi- 
mental conditions and liable therefore to fail at inopportune moments; and Heath was no 
stranger to the scurry consequent on such failures involving the rearrangement of the whole 
schedule of demonstrations for an important lecture. In his lecture notebook for January 
18th, 1901, he writes: ‘‘ On this occasion, after a week of disappointment and breakdowns 
—first the ethylene pump, then the valve of the H coil breaking off short and then the H 
coil bursting, and finally on the Friday evening it was discovered that the H valve had 
broken down again and no liquid hydrogen was obtainable—the lecture experiments were 
re-organised at the last minute.” 

This is, however, in contrast to an occasion related recently by Professor D’Arcy 
Thomson, recalling his first visit to the Royal Institution. He then, he said, asked Heath 
to listen at the back of the theatre while he read over some of the manuscript for the lecture, 
to test the carrying power of his voice. After some minutes of this he remarked, ‘‘ I’m 
afraid you find this rather dull.” To which he had reply, with the most reassuring smile, 
“Oh! they are often dull, Sir.” 

Doubtless, however, Heath had sufficiently arduous duties in the laboratory to make 
such an occasion seem dull by contrast. He was, in fact, involved in a nasty explosion 
while assisting in the purification of some helium on April 4th, 1906. Some marsh gas had 
accumulated to an unexpected amount in the concentrated helium material, and a large 
aspirator full became ignited, with shattering results. Lennox and Heath were both badly 
cut about the face, Heath indeed losing one eye. Within a short time, however, he 
recovered a great deal of his laboratory usefulness, and his nerve never failed him. 

Heath was granted a well-deserved pension on retirement, and a Managers’ minute of 
November 2nd, 1925, records their appreciation of his long and faithful service in the Royal 
Institution. His tact and good nature in dealing with difficult people and circumstances 
endeared him to all who met him—his helpful counsel was often sought ; and readily given 
even to the humblest. He left with all the heartiest good wishes of his colleagues. 
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Heath had for many years been a gas examiner for tiie London County Council, and now 
found a congenial occupation as gas examiner for the County of Hertfordshire. This 
activity he maintained up to a few weeks before he died, following a hemorrhage which, 
sad to say, affected the sight of his remaining eye: but many of his friends know that his 
calm philosophy kept him in cheerful spirits until—following a few days’ unconsciousness— 
the end came on July 25th. 

W. J. GREEN. 





IVY WINIFRED ELIZABETH ROGERS. 
1900—1934. 


Ivy RoGERs was the only daughter of Mr. E. W. Rogers, public works contractor of Kensing- 
ton; she was born on February 14th, 1900, and was educated at Notting Hill High School. 
In 1918 she came to Bedford College as junior laboratory assistant in the Departments of 
Chemistry and held this post until, in 1925, she was promoted to senior laboratory assistant. 
Whilst serving in this capacity, she commenced to read chemistry and botany in her spare 
time and as a result of her studies she was successful in 1928 in the Special degree examin- 
ation of London University and obtained a Special B.Sc. degree in Chemistry, as an internal 
student. She was elected to the Chemical Society in 1926. 

Miss Rogers died on June 27th, 1934, as the result of an accident on June 20th in the 
Chemistry laboratories of Bedford College. 

She had a cheerful and bright personality and she carried out the duties of her office 
with care and skill. She was very popular with the students and with the members of the 
staff of the departments of Chemistry of Bedford College. She was generous almost to a 
fault and she was ever ready to assist all who might ask her help. She had many interests 
outside her academic work, and among her hobbies may be mentioned her practical interest 
in the culture of fresh-water fish and her great love of dogs. 

Bedford College, by her tragic and untimely death, has lost a very willing, faithful and 
efficient servant and those who knew her have lost a loyal and staunch friend. 

JAMES F. SPENCER. 





JAMES ALEXANDER SCHOFIELD. 
1869—1934. 


J. A. SCHOFIELD was born in London on August 14th, 1869. In 1892 he was appointed 
Demonstrator in the Department of Chemistry at Sydney University, then presided over 
by Professor A. Liversidge. The appointment was recommended by Professor T. E. 
Thorpe and Professor William Ramsay, to whom the selection was referred by the 
University Senate in September, 1891. Then, as now, the Senate often referred its 
University appointments for advice to a Home (British) Committee. 

The title “‘ Demonstrator ” hardly indicates the importance of the position to which 
Schofield was appointed, for the ‘‘ Demonstrator ” in these days was the chief helper of the 
Professor. Later on, evening lectures in first-year Chemistry were given, and Schofield 
was given the title ““ Demonstrator and Evening Lecturer.” 

Schofield was a well-informed active man, pleasant in manner, and a great favourite 
with the students.- He took no end of pains to help them, so much so that little time was 
left to him to carry on research work. 

Professor Archibald Liversidge left the University at the end of 1907, and the Senate 
appointed J. A. Schofield and F. B. Guthrie as Acting-Professors for 1908. In 1909 
Schofield was given the title of Assistant Professor of Chemistry, and in 1921 the Senate 
gave him the title of Associate Professor. 

In 1926, after 25 years of service with the University, Professor Schofield resigned his 
University position to engage in commercial pursuits. He became a partner of Mr. Basil 
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Turner, A.R.S.M., in the Woolwich Chemical Company. This firm manufactured ether 
for anesthesia and various collodion products, and was well known and successful. The 
company later amalgamated with Messrs. Elliott Bros., Ltd., of Sydney to form the 
Woolwich-Elliott Chemical Company, of which Schofield was a director. 

In his earlier days of service Schofield became an outstanding personality in the 
University, and his name appeared in the “ University Anthem.”’ He helped to carry 
on the good traditions in work of those pioneers who have set a worthy example to the 
youth of Australia. 

He died in Sydney on May 3lst, 1934. 

C. E. Fawsitt. 





ALFRED WALTER STOKES. 
1848—1934. 


ALFRED WALTER STOKES, who died at his residence at Park Hill Road, Hampstead, London, 
on the 24th July, 1934, at the age of 86 years, was a well-known public analyst, and a con- 
sultant in all matters connected with the dairying industry. After studying under William- 
son at University College and under Huxley and Tyndall at the Royal School of Mines, 
he became an assistant to Sir Thomas Stevenson at Guy’s Hospital and subsequently was 
appointed public analyst for the districts which afterwards became the Metropolitan 
Boroughs of Paddington, Hampstead and Bethnal Green and the St. Luke’s Division of 
Finsbury—appointments which he held for nearly half a century, until his retirement a few 
years back. For a long period he was the consultant to the National Federation of Dairy- 
men’s Associations. 

In early life, owing to indifferent health, Stokes made a voyage round the world in a 
sailing ship, which apparently effected a complete cure, and laid the foundation of that 
indomitable energy and keenness for work which distinguished him all through his later 
life and without which he could not have conducted his large practice so successfully and 
with such satisfaction to all his clients. 

To those who were privileged to see him in his laboratory Stokes was a revelation in 
the way in which he linked keen business methods with scientific accuracy. He found 
time to work out many original methods and improvements in analytical practice, especially 
those which tended to save time without the loss of efficiency. The results of some of his 
investigations will be found in the Analyst and other journals. Amongst them may be 
mentioned those which recorded his work on the Werner—Schmidt process, the adulteration 
of pepper, and the picric acid test for gelatin. Some, unfortunately, were never published, 
although often communicated privately to his friends. He was a keen microscopist and 
for some years was the secretary of the Western Microscopical Club, which numbered Sir 
William Crookes amongst its members, and was one of the Council of the Hampstead 
Scientific Society. 

He had a broad outlook on life and took great interest in music, spiritualism—from the 
anti-standpoint—and other subjects outside his daily avocations. To those who worked 
with him in his laboratory he was always ready to give help and took a keen interest in 
their advancement. Many of his friends will have pleasant recollections of their relations 
with him, particularly those who asked his advice and assistance in connection with their 
work. His knowledge and wide experience were always most willingly placed at their 
disposal. 

In his home, Stokes was an entertaining and charming host. He leaves a widow and two 
sons, one of whom was his partner in practice. Had he lived another year, he would have 
celebrated his golden wedding. 

J. KEAR COLWELL. 
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MAX TAGG. 
1884—1934. 


MAx TaGG, who recently died following an operation for gastric trouble while on a tour in 
Belgium, had been a Fellow of the Chemical Society since 1914. 

Following a successful career at King’s College, London, where he obtained the B.Sc. 
degree in psychology, he held teaching posts successively at Bury St. Edmunds, Dartford, 
Oxford, Hyde, and finally at the Toxteth Technical Institute, Liverpool, where he was 
senior assistant master. 

In 1910 Tagg was appointed as the first Head Master of the Acton Junior Technical 
School, when it was opened at the Chiswick Polytechnic. From this small beginning it 
has continually expanded, under Tagg’s wise guidance, until it now claims to be one of the 
largest of its kind in the country. 

During the war, Tagg left his school temporarily, to serve in Belgium in the meteoro- 
logical section of the Royal Engineers. While at the front he was gassed, the effects of 
which probably resulted in the trouble which led to his death. 

Returning in 1919, he resumed his Head Mastership and carried on his work strenuously 
until 1928. In that year the Junior Technical School was moved to the new Acton Technical 
College, where new developments afforded even greater scope for his organising abilities. 

Tagg’s wide range of interests and activities was well recognised and appreciated by all 
who came into contact with him. His breadth of knowledge, and interest in so many 
branches of learning, were amazing. For him, the work of educating those under his care 
went far beyond the walls of his school. Thus it was that the commencement of the 
summer vacation found him leading a party of his students into Belgium. 

His death put the seal on a life which had been spent in the service of others. All who 
met him could not but be influenced by the lovableness and charm of his character ; thought- 


fulness for those around him was ever uppermost in his mind. 
R. W. MacApaM. 





WILLIAM HENRY WATSON. 
1859—1934. 


WILLIAM HENRY WATSON, who was born in Sellafield, Cumberland, in 1859, was the 
younger son of Mr. Henry Hough Watson, an analytical chemist, of Bolton, who was a pupil 
of John Dalton. W. H. Watson followed in his father’s profession and at an early age 
undertook work in connection with the Manchester Ship Canal; he was only 19 when he 
first gave evidence on water pollution before Committees of the Houses of Parliament. 

Watson made a special study of milk analysis in relation to the variation of quality, and 
when legislation was introduced dealing with the adulteration of milk, he started the 
practice of taking comparative samples of milk from the herd from which the suspected 
sample had been obtained. He was associated with a firm of prominent soap makers in 
Lancashire and with the firm of Edges, dye manufacturers. For many years, Watson 
devoted much time to scientific research, especially in relation to physiological chemistry 
and sanitary science. He contributed papers to various scientific journals, including the 
Journal of the Chemical Society, and was the author of “ Science Teachings in Living 
Nature,” published in 1879. In later years he confined his scientific work to conducting 
meteorological observations. 

Watson spent much of his leisure in landscape painting, being for many years a member 
of the Lake Artists’ Society. He was also interested in archeology. He took a prominent 
part in local government and occupied many public positions. He was a Guardian at 
Whitehaven for 41 years, served for many years on the Cumberland County Council Educa- 
tion and Standing Joint Committees, and was a Conservator of the West Cumberland 
Fishery District. He became a Justice of the Peace in 1893 and attended the Court 
regularly until a month before his death on May 19th, 1934. Mr. Watson was elected a 
Fellow of the Society in 1876. 
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EDWARD ESCOTT WOOD. 
1878—1934. 


Escott Woop, who was elected a Fellow of the Society in February, 1911, was a prominent 
figure in the coking and steel industries of the country. 

On completion of his studies at Wesley College, Sheffield, he entered the general offices 
of Messrs. Charles Cammell & Co., Ltd., prior to spending five years in the laboratories of 
that firm. He then spent three years in the laboratory of Messrs. Sir W. G. Armstrong 
Whitworth & Co., Ltd., in Manchester. 

In 1904 he joined the Brymbo Steel Co., Ltd., and acted as chief chemist and metallurgist. 
In 1921 he was promoted to general works manager, which position he held until the works 
closed down in June, 1931. 

In November, 1932, he was appointed consulting metallurgist and assistant to the 
managing director of Messrs. Earl of Dudley’s Round Oak Works, Ltd., and acted in that 
capacity until his untimely death. 

His death will be keenly felt by the Coke Oven Managers’ Association, of which he was 
a member of Council, and acted as President during the year 1926—1927. He had the 
prestige and welfare of the Association greatly at heart. 

F. S. SINNATT. 
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Benzyl-4*- and -48-propenylsulphones, 684. 

Benzylpyridinium salts, 991. 

res p-nitrophenylhydrazone, 

Benzylsulphonylformaldehyde p-nitrophenylhydr- 
azone, 687. 

Bile acids, synthesis of compounds related to, 365, 
653, 1727. 

Bis(diaminodiethylamine)cobaltic triiodide, 474. 


w-hydroxy-, acetyl 


auto-condensation 


and 


its semicarbazone, 


4:6-Bisbenzeneazoresorcinol, and nitro-, alkyl ethers 
of, 630. 
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Bis(benzenesulphonamidoethyl)methylamine hydro- 
chloride, 466. 
af-Bisbenzylsulphonylpropane, 685. 
ad-Bis-2-bromo-4:5-dimethoxyphenylbutane, 1426. 
ad-Bis-2-bromo-4:5-dimethoxyphenyl-y-methylbutan- 
B-one, and a-cyano-, 1428. 
Bis-(888-tribromo-a-N ’-methylcarbamidoethyl) ether, 
and its acetyl derivative, 112. 
Bis-(888-tribromo-a-N’-phenylearbamidoethyl) ether, 
and its diacetyl derivative, 112 
Bisisobutylenediaminoplatinous chlorides, 225. 
4:4’-Bischloroacetyldiphenyl, 871. 
Bis-(888-trichloro-a-N’-acetyl-N ’-ethylcarbamido- 
ethyl) ether, 111. 
NN’-Bis-(888-trichloro-a-ethoxyethyl)oxamide, 113. 
os  nggiaimomeeateatel ‘-ethylcarbamidoethyl) ether, 


NN’-Bis-(a88f-tetrachloroethyl)oxamide, 113. 

NN’-Bis-(888-trichloro-a-hydroxyethyl)ethylmalon- 
amide, 113. 

NN’-Bis-(£88-trichloro-a-hydroxyethyl)oxamide, and 
its diacetyl derivative, 112. 

Bis-(888-trichloro-a-N’-methylcarbamidoethyl) ether, 
and its diacetyl derivative, 111. 

&6 Bischlorophenyi-t-eminophencls, hydrochlorides, 


2:6-Bischlorophenyl-1:4-benzoquinones, 680. 
2:6-Bischlorophenyl-4-nitrophenols, 680. 
a-Bisdiethylsulphineplatinous chloride, crystal struc- 

ture of, 186. 
as-Bis-3:4-dimethoxyphenylacetone, 1425. 
of Be 6:6-dhmethexyphenyibutans, and 2-bromo-, 
8-Bis-(8-3:4-dimethoxyphenylethyl)carbamide, 1264. 
a5-Bis-3:4-dimethoxyphenyl-y-methylbutan-f-one, and 

dinitro-, 1428. 
aa-Bis-3:4-dimethoxyphenyl-4*-propylene, 1425. 
4’:3’’-Bisdimethylamino-2’:2’’-dimethylcarbonato- 

diphenyl-1:8-naphthalide, 652. 
4’:4’’-Bisdimethylamino-2’-hydroxy-2’’-ethylcarbon- 

atodiphenyl-1:8-naphthalide, 653. 

Fe Ot Eenathgtienmapetiane, and af-dibromo-, 

af-Bis-2:4-dimethylbenzoylethylene, 1410. 

ar’ 4 °~ emen ceennee chlor- 
1ae, to 

Bisdimethylsulphinepalladous chloride, crystal struc- 

ture of, 186. 

Bisdimethylsulphineplatinous chlorides, 183. 
Bis-2:2’-dipyridyldichloroplatinic platinochloride, 969. 
Bis-2:2’-dipyridylplatinous salts, 969. 
Bis-(5:7:3':4’-tetrahydroxy)flavpinacol, structure and 

synthesis of, 1066. 
Bis-(7:8:3':4’-tetrahydroxy)flavpinacol, 1506. 

Oe Seto dsenymessesioonmasin, and its derivatives, 
5. 
Bismuth organic compounds, 405. 

Bismuth, pheny! derivatives, nitration of, 1258. 
a-Bis-2-nitro-4:5-dimethoxyphenylbutane, 1426. 
4:4’-Bispiperidinoacetyldiphenyl, 872. 
Bis-2:2’:2”-tripyridyltriplatinous herachloride, 1499. 
d- and l-Borneols, preparation of, 1773. 

“= l-Bornoxyacetic acids, and their derivatives, 
(—)Bornyl fumaryl chloride, 714. 
Boron :— 
= acid, complex formation of, with tartaric acid, 
002. 


Borotartaric acids, constitution of, 1836. 
Bromal, condensation of, with diamides, 109. 
Bromination, action of air on, 138. 
Bromine :— 
Hydrobromic acid, parachor of, 880. 
addition of, to double bonds, 435, 1308. 


6R 
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Bromo(diaminodiethylamine)platinous bromide, 472. 

Brucine, 574, 581, 590, 592, 595, 1490. 

Butadienes, addition of arylamines to, 1981. ‘ 

cycloButane-1:1-dicarboxylic acid, methyl ester, physi- 
cal properties of, 340. 

at creatine nitrosoamine from, 


Ayv-n-Butenylmalonic acid, 1998. 

4-n-Butoxyaniline, 2-nitro-, 1265. 

6-n-Butoxyquinoline, 8-amino-, and 8-nitro-, 1265. 

n-Butyl alcohol, surface tension of mixtures of, with 
ethyl alcohol and with n-propionic acid, 532. — 

1-Butylaminobenzthiazoles, 5-bromo-, hydrobromides, 
710. 

8-Butylamino-6-ethoxyquinoline, 8-5-amino-, and its 
hydrochloride, 1267. 

8-Butylamino-6-methoxyquinoline, 8-5-amino-, hydro- 
chloride, 1526. 

© a ieiienieganine Seen, 

4-tert.-Butylbenzaldehyde, and its 2:4-dinitrophenyl- 
hydrazone, 1956. 

isoButylenediaminoplatinous chloride, 226. 

isoButylenediamine, preparation of, and its deriv- 
atives, 49. 

p-tert.-Butyltoluene, dinitro-, orientation of, 1954. 

4-tert.-Butyltoluene, 2-amino-, 2-nitro-, 6-nitro-2- 
amino-, and its derivatives, 6-nitro-2-cyano-, and 
6-nitro-2-hydroxy-, 1955. 

isoButyraldoxime, a-amino-, and its derivatives, 49. 

Butyranilide, yyy-trichloro-8-hydroxy-, and its acetyl 
derivative, 113. 

w-Butyro-2:4-dimethoxyacetophenone, 1314. 


Cc. 


Cadinenes, absorption spectra of, 921. 
Cadmium selenate, dissociation of, in water, 1010. 
sulphate, equilibrium of, with cobalt sulphate and 
water, 1116. 
Cadmous compounds, non-existence of, 1062. 
Calcium hydroxide, solubility of, in water, 1270. 
periodate, 1771. 
Calcium determination :— 
determination of, 1270. 
Callistephin chloride. See 3-8-Glucosidylpelargonidin 
chloride. 
Calorimeter for use with non-aqueous solvents, 1362, 
Camphorquinone, preparation of, 137. 
bromination of, 444. 
d-Camphor-10-sulphonyl-m-hydroxybenzaldehyde, 233. 
Camphorsulphonylmethylsulphonylmethane, 47. 
d-Camphor-10-sulphonylsalicylaldehyde, 233. 
d-Camphor-10-sulphonylvanillin, 233. 
Cannizzaro reaction, 535. 
Carbazole-3-carboxylic acid, and its ethyl ester, 
1143. ; 
2-Carbethoxyindole-3-acetic acid, ethyl ester, 1903. 
3-Carbethoxy-1-methylindole-2-acetic acid, and its 
ethyl ester, 1904. 
3-Carbethoxy-1-(2’:4’-dinitropienyl)pyrazole, 4-hydr- 
oxy-, 1987. 
3-o-Carbethoxyphenylamino-4-hydroxyquinoline, 1517. 
2-o-Carbethoxyphenylamino-a-naphthaquinone, 1517. 
Carbimidodiphenylmethane, 4:4’-dithio-, 319. 
Carbinols, formation of, from aldehydes and hydro- 
carbons, 701. 
Carbohydrates, and their derivatives, optical rotation 
of, 1151. 
rotatory dispersion of, 1825. 
additive compounds of, 1160. 
5-Carbomethoxyanilino-N-methylenesulphoxylic acid, 
2-hydroxy-, sodium salt, 1714. 





2038 


5-Carbomethoxyanilino-N-methylenesulphurous acid, 
2-hydroxy-, sodium salt, 1714. 
2-Carbomethoxy-3-p-tolylamino-4-keto-1:6-dimethyl- 
1:4-dihydroquinoline, 1518. 
2-Carbomethoxy-3-p-tolylamino-4-keto-6-methyl-1:4- 
dihydroquinoline, 1518. 
Carbon tetrabromide, parachor of, 33. 
monoxide, catalytic syntheses with hydrogen and, 
under pressure, 1429. 
interaction of, with alcohols, 1335. 
dioxide, combustion of, on quartz, 73. 
catalysis of combustion of, by silver, 1276. 
Carbon rings, fused, 935, 946, 956. 
Carbonyls, metallic. See Metallic carbonyls. 
Carbonyl compounds, hydroxy-, 403. 
4-Carbopropoxyphenylthiocarbimide, 179. 
ee -methylenesulphoxylic acid, sodium 
salt, ’ 
p-y-(o-Carboxybenzamido)propoxyacetanilide, 1324. 
sd” enact 2-nitro-, 
2-Carboxybenzopyrylium perchlorate, 453. 
2-Carboxy-4-/ert.-butyltoluene, 6-nitro-, 1956. 
Carboxydiphenyl ethers, bromonitro-, and nitro-, 54. 
2-Carboxyindole-3-acetic acid, 1903. 
4-Carboxy-3-methyldiphenyl ether, 4’-nitro-, 55. 
2-Carboxy-1-methylindole-3-acetic acid, and its ethyl 
ester, 1903. 
3-Carboxy-1-methylindole-2-acetic acid, 1904. 
2-Carboxyphenoxarsinic acid, 1173. 
3-o-Carboxypbenylamino-4-hydroxyquinoline, 1516. 
Carboxyphenylthiocarbimides, 179. 
8-p-Carboxypropionamido-6-methoxyquinoline, 1268. 
y-Carboxysuberic acid, and its ethyl ester, 954. 
4-Carboxytoluene-3-sulphonyl chloride, 1531. 
2-Carboxy-3-p-tolylacetamido-4-acetoxy-6-methylquin- 
oline, 1518. 
SE fn ete Ome 
ine, A 
dl-Carvenol, derivatives of, 237. 
cis- and trans-Carveols, and their derivatives, 235. 
Carvomenthones, 228. 
Carvomenthylamines, and their derivatives, 230. 
Carvone hydrosulphide, and its bis-2:4-dinitropheny]- 
hydrazone, 1147. 
Carvone series, 226, 233. 
cis-Caryophyllenic acid, 1809. 
Catalysis, energetics of, 26, 672. 
at interfaces by adsorbed molecules, 1754. 
in three-carbon tautomerism, 610, 614, 623. 
— neous, of stereoisomeric change in oximes, 
Catalytic action of metallic surfaces, 1276. 
hydrogenation by heavy and light hydrogen, 797. 
poisoning coefficients of, 26, 672. 
of unsaturated compounds, 304, 1929. 
synthesis with carbon monoxide and hydrogen under 
pressure, 1429. 
Catechol. See Pyrocatechol. 
i compound of, with potassium hydroxide, 


3-Cellobiosidoxy-7:3’:4’-trihydroxy-5-benzoyloxyflavyl- 
ium chloride, 1609. 

B-Cetyl glyceryl ether, anditsdiphenylcarbamate, 1235. 

Cetylpyridinium halides, effect of pressure on rate of 
formation of, 396. 

Chalkone. See Phenyl styryl ketone. 

Chalkones, reduction products of, 218. 

Charcoal, chemisorption on, 22, 1975. 
of various grades, heat of wetting of, in relation to 

adsorption, 1164. 

active, 291. 

Chelations, factor controlling, 1684. 

Chemical profession, unification of, 550. 
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Chloral, condensation of, with diamides, 109. 

Chloral-4-nitro-o-toluidine, 1744. 

Chlorine, photochemical union of, with hydrogen, 
157. 


photosensitisation of decomposition of ozone by, 
1864. 
reaction of, with gaseous formaldehyde, 1588. 
Hydrochloric acid, fog production in neutralisation 
of, by ammonia or sodium — 341. 
Chlorides, separation of, from bromides, with 
ammonia, 783. 
Perchlorates, double, isotherms of, 514. 
Chlorine detection and determination :— 
detection of, in presence of bromine, 783. 
determination of, microchemically, in presence of 
iridium and platinum, 1787. 
Chlorophyll-a, 245. 
Cholesterilene, hydrogenation of, with selenium, 1129. 
Chromone group, 513, 1120, 1765, 1767, 1769. 
Chromophoric groups, 911, 916. 
Cinchona alkaloids, diphenates of, 347. 
modified, 1923. 
Cinchonidine diphenate, 350. 
Cinchonine diphenate, 350. 
Cinnamic acid, ethyl ester, 4-thiocarbimide, 179. 
Cinnamylidenemalonic acid, methyl ester, addition of 
hydrogen cyanide and methyl malonate to, 87. 
2-Cinnamylidene-6-methoxyquinaldine, 2-m-amino-, 
and -m-nitro-, 1522. 
2-Cinnamylidene-8-nitro-6-methoxyquinaldine, 2-m- 
nitro-, 1523. 
2-Cinnamylidenequinaldine, 2-m-amino-, and -m- 
nitro-, and its methiodide, 1522. 
Coal, composition of, 474, 1084. 
bituminous, determination of decomposition points 
of, 1084. 
Cobalt alloys with tin and with zinc in mercury, 1752. 
Cobalt halides, absorption spectra of, in solution, 517. 
sulphate, equilibrium of, with cadmium sulphate and 
water, 1116. 
Coerdioxonone-3:11, and 4:12-dihydroxy-, 1065. 
Coeroxones, synthesis of, 1064. 
Coeroxonone-3:9, 4-hydroxy-, and its acetyl deriv- 
ative, 1066. 
Constitution and physical properties, 333, 1758. 
and dissociation constants of monocarboxylic acids, 
1888. 
Co-ordination and residual affinity, 965, 1498. 
Co-ordination numbers, even and odd, 1755. 
Copper, nature of green patina on, 1853. 
reaction of, with atomic hydrogen, 854. 
halides, electrolytic dissociation of, 1448. 
Cupric oxide, solubility of, in salt solutions, 186. 
sulphate peniahydrate, nucleus formation on 
crystals of, 1872. 
catalytic dehydration of, 1754. 
Copper organic compounds :— 
Cope phthalocyanine, and its chloro-derivative, 
1028. 


Corydaldine, synthesis of, 1263. 
Coumarins, influence of substituents on mercuration 
of, 1043. 
conversion of, into isospiropyrans, 1571. 
o-Cresol-3:6-dichlorophthalein, 1633. 
m-Cresol-6-sulphonic acid, 2010. 
Crotonaldehyde, a-bromo-, 2:4-dinitrophenylhydr- 
azone, 85. 
Cryoscopy in p-chlorotoluene, 1969. 
3-Cuminoyl-2-naphthoic acid, 1412. 
diglucosides and 3-xyloside, 806. 
Cyanine dyes with isoquinoline nucleus, 1905. 
Cyanogen :— 
Hydrocyanic acid, addition of, to osones, 1192. 
Cyclic compounds, synthesis of, 1250. 
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p-Cymene, sulphonation of, 1501. 
p-Cymene, 3-bromo-, and 3-chloro-, dinitration of, 848. 
2-chloro-, dinitration of, 852. 
2- and 3-iodo-, 1698. 
3-p-Cymylcarbinol 3:5-dinitrobenzoate, 1734. 
1-(3’-p-Cymylmethyl)phenanthrene, 1734. 
B-(3-p-Cymyl)-a-methylpropionic acid, 1738. 
B-8-(p-Cymyl)propionic acid, 1735. 


D. 


Daidzein, and its diacetyl derivative, 1770. 

trans-Decahydronaphthalene-2:2-diacetic acid, thermal 
decomposition of, 1250. 

Dehydroguaiaretic dimethyl ether, 1428. 

Dehydronorcaryophyllenic acid, 1809. 

Delphin, and its chloride, 1235. 

Density of molten mixtures of nitrates, 1. 

Deoxybenzoins, synthesis of, 442. 

Deoxytetrahydro-f-santonin, 1345. 

Desyl chloride, action of Grignard reagents on, 1850. 

Deuterium. See Hydrogen, heavy. 

Deuterium oxide. See Water, heavy. 

2:4-Di-O-4-acetoxybenzoylphloroglucinaldehyde, 1614. 

Diacetyl. See Dimethyl diketone. 

Diacetylacetone, lead compound, preparation of, 1757. 

1:3-Diacetylbenzene, 2:4:5-trihydroxy-, and its triacetyl 
derivative, 1628. 

3:9-Diacetylcarbazole, 1143. 

Diacetylethylene, and its bis-2:4-dinitrophenylhydr- 
azone, 1650. 

w-O-Diacetyl-f-galactosidoxy-4-acetoxy-3:5-dimethoxy- 
acetophenone, 814. 

2:4-Diacetyl B-methylxyloside, 828. 

1:3-Diacetylcyclopentane-1:3-dicarboxylic acid, ethyl 
ester, 1329. 

2:4-Diacetylresorcinol, and its dimethyl ether, 1690. 
dibenzoate, 1954. 

4:6-Diacetylresorcinol, 2-nitro-, 1692. 

2:4- and 4:6-Diacetylresorcinols, 71. 

Diamminodichloroplatosulphuric acid, 1796. 

Diamminodiglycineplatinum chloro roplatinites, 1015. 

2:2’-Dianilinodiphenyl,  2:2’-di-2 “-amino-4”-cyano-, 
-2’-amino-4-nitro-, -2”:4”-di-nitro-, -2”-nitro-4’’- 
cyano-, 1674. 

2:4-Dianisylbenzopyrylium chloride, 7-hydroxy-, 1438. 

1:4-Di-p-anisyl-1:2:4:5-tetrahydro-3:6-dithiapyrazine, 
2:2:5:5-tetrachloro-, 823. 

Diaquobisethylenediaminocupric salts, 1783. 

w=Diazo-3:4:5-benzoyloxyacetophenone, 1040. 

Diazonium compounds, reactivity of resorcinol 
alkyl ethers with, 629. 

1:3-Dibenzenesulphonamidobenzene, 
and 4:6-di- and 2:4:6-tri-nitro-1:3-di-m-nitro-, 

Dibenzobenzylamide, 2:2’-dithio-, 821. 

Dibenzoethylamide, dithio-, 820. 

5:7-Di-O-benzoylcyanidin chloride, 5:7-di-4-hydroxy-, 
1614. 

aa-Dibenzoyl-8-p-dimethylaminophenylethane, 1138. 

4:6-Dibenzoyl-2:3-dimethyl a-methylmannoside, 322. 

2:3-Dibenzoyl 4:6-di-p-toluenesulphonyl a-methyl- 
glucoside, 1178. 

a += eens See Phenyl f-hydroxystyryl 

etone. 

-? ee acid, esters, rotation dispersion 
of, 100. 

2:3-Dibenzoyl 4-p-toluenesulphonyl a-methylglucoside, 
and 6-iodo-, 1178. 

2:2’-Di-1”:2”:3’’-benztriazolyldiphenyl, 2:2’-di-5”’- 
cyano-, and -nitro-, 1675. 

Dibenzylidene a-methylmannoside, 331. 

Dibenzyl ketones, dichloro-, and their derivatives, 
680. 


1:3-di-m-nitro-, 
243. 
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af-Dibenzyl-a-phenylethyl aicohal, 8-amino-, 1567. 
6:6’-Di-(2:4-bis‘richloromethyl-1:3-benzdioxinyl)sul- 
phones, 44. 

6:6’-Di-(2:4-bisdichloromethylene-1:3-benzdioxinyl)sul- 
phone, 44. 

9-8-Diisobutylaminoethylaminophenanthridine di- 
hydrochloride, 107. 

Diisobutylthallium acetate, 1136. 

3:4-Dicarboxy-/ert.-butylbenzene, 5-nitro-, 
anhydride, 1956. 

Dicarbazyls, 1672. 

2:2’-Di-4’’-carboxyanilinodiphenyl, 2:2’-di-2”-amino-, 
and -nitro-, 1677. 

eee ee een lyl)diphenyl, 

3:3’-Dicarboxydiphenylsulphone, 4:4’-dihydroxy-, 45 

Dicarvomenthylamines, 232. 

Dichloro(diaminodiethylamine hydrochloride)platinum 
platinochloride hydrate, 472. 

Dichlorobis(diaminodiethylamine hydrochloride)- 
rhodium rhodiochloride, 473. 

6:6’-Di(¢richloromethyldichloromethylene-1:3-benzdi- 
oxinyl)sulphones, 44. 

2:4-Diethoxybenzoic acid, methyl ester, 1496. 

ar" enema teenies 


4: ee 3’-dicarbomethoxydiphenylsulphone, 


and its 


4: sa-Disthaxy-2: 3’-dicarboxydiphenylsulphone, 45 
4:4’-Diethoxy-3:3’-dimethyldiphenylsulphone, 45. 
Diethyl selenide mercurichloride, 71 
Diethylamine, 8f’-diamino-, synthesis of, 461. 
complex metallic salts of, 466 
and its derivatives, and Bp dibromo-, 1303. 
Bp’-dibromo-, Bf’-dichloro-, and Bf’-dihydroxy-, 
acetyl derivative, salts of, 464. 
7-Diethylaminoanthraquinone, 2-chloro-, 1815. 
> rae uinone-7-sulphonic acid, sodium 
salt, ’ 
9-8-Diethylaminoethylaminophenanthridine, and its 
salts, 107. 
Diethylaniline, 8f’-dichloro-, and Bf’-dicyano-, 1538. 
Diethylmonobromogold, preparation of, 862. 
1:2’-Diethyl-2:1’-cyanine iodide, 1909 
2:2’-Diethyldibenzoxacyanine iodides, 964. 
= 3 ~ a acid, methyl ester, physical properties 
of, 5 
Diethylmethylamine, ff’-diamino-, 461. 
salts of, 465. 
2:2’-Diethyloxacyanine iodide, 964. 
Diethylthallium cyanide, 1135. 
2:2’-Diethylthia-1’-cyanine iodide, 1910. 
Diethylzinc, absorption spectrum of, 791. 
Diffusion, activated, through silica glass, 378. 
cis- and trans-Diglycinepalladium, 1 
cis- and trans-Diglycineplatinum, i014. 
Dicyclohexylthallium iodide, 410. 
ema peeeetn (b)-methylstrychnidine- 
af-endo-9:10-Dihydroanthraquinyl-9:10-succinic 
hydrides, 1225. 
9:10-Dihydroanthranylsuccinic acid, 1226. 
Dihydrocarveols, and their derivatives, 236. 
ot -saggereneenen and its benzoyl derivative, 


ae aa 1808. 
dl-Dihydroguaiaretic acid dimethyl ether, 1428. 
Dihydrohumulene, amino-, and its derivatives, 1808. 
Dihydro-J (b)-methylchanodihydroneostrychnidine-0, 
hydroxy-, 578. 
at eames acid, B-chloro-a-iodo-, ethyl ester, 


j. wt trans-A*-Dihydromuconic acids, and methyl 
esters of the latter, 1938. 


an- 
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Dihydronaphthalenes, absorption spectra of, 916. 
7:8-Dihydrophenalyl-7-spirocyclohexane, and its 
picrate, 372. 
1:2-Dihydrophenanthryl-4-acetic acid, 374. 
Dihydroquinine diphenate, 350. 
Dihydrostrychnidine-D, and its methiodide, 586. 
Dihydrostrychnidine-/, 588. 
Dill apiole, synthesis of, 1681. 
s-l-Dimenthylcarbamylhydrazine, 1123. 
Dimesoperiodic acid. See under Iodine. 
2:6-Dimethoxyacetophenone, 1483. 
4: — 2-bromo-, 
2: ¢-Dimsthexybenssie acid, 
ester, 1769. 
4:5-Dimethoxybenzoylbenzoic acid, 2-amino-, lactam, 
and 2-nitro-, 1327. 
B-4:5-Dimethoxybenzoylpropionic acid, 8-2-amino-, 
and its derivatives, 1326. 
5:7-Dimethoxy-3-benzyl-2-methylchromone, 404. 
5:7-Dimethoxy-3-benzyl-4-methylcoumarin, 405. 
3:4-Dimethoxychalkone, 2:4’-dihydroxy-, 220. 
4:4’-Dimethoxydiphenylamine, 2:2’-dinitro-, 1529. 
3:4’-Dimethoxydistyryl ketone, 1742. 
2:6-Dimethoxy-3-ethylbenzoic acid, 1495. 
7:8-Dimethoxyflavan, 4:4’-dihydroxy-, 220. 
6:7-Dimethoxy-2:3-(7’-methoxychromeno(4’:3’ )|benzo- 
pyrylium ferrichloride, 1534. 
3:4-Dimethoxy-3’:4’-methylenedioxychalkone, 2-hydr- 
oxy-, 220. 
7:8-Dimethoxy-3’:4’-methylenedioxyfavan,  4-hydr- 
oxy-, 220. 
SS er Pea oeamas 
5. . 
3:5-Dimethoxy-4-methylphthalic acid, and its an- 
hydride, 1532. 
3:5-Dimethoxy-4-methylphthalide, 1532. 
oe ee 
532. 
SE Se 
532. 
2’:4’-Dimethoxy-a-naphthaflavone, 1769. 
1:2-Dimethoxynaphthalene, 4-cyano-, 1487. 
3:4-Dimethoxy-a-naphthoic acid, 1487. 
ad-Di-(6-methoxy-1-naphthyl)butane, 657. 
4:5-Dimethoxyphenylacetonitrile, 2-bromo-, 1427. 
y-4:5-Dimethoxyphenyl-af-dimethylbutyric acid, y-2- 
bromo-, 1426. 
B-3: 4-Dimethoxyphenyl-a-methylerotonic acid, ethyl 
ester, 1427. 
B-4:5-Dimethoxyphenyl-a-methylpropionic acid, [-2- 
bromo-, and its methyl ester, 1427. 
3:4-Dimethoxyphenylphthalide, 1328. 
4:5-Dimethoxyphenylphthalide, 2-nitro-, 1328. 
B-8: See END acid, hydrazide, 


azlactone, 


acid, 


acid, 


£6-Dimethory-9-phenylpropiophenones, 2- and 4- 
hydroxy-, 4 


2: or 1 on nl TT ae ee 


4: 5-Dimethoxyphenylpyruvic acid, 2-bromo-, and its 
oxime, 1427. 

6:7-Dimethoxyquinaldine-4-propionic acid, f-diethyl- 
aminoethyl ester, salts of, 1528. 

8-6:7-Dimethoxyquinaldyl(4)ethylearbamic acid, - 
diethylaminoethy] ester, salts of, 1528. 

5:7-Dimethoxy-2-styryl-3-benzylchromone, 404. 

7:4’-Dimethoxy-2-styrylchromone, 1766. 

6:7-Dimethoxy-1:2:3:4-tetrahydronaphthalene, 
ation and demethylation of, 1253. 

6:7-Dimethoxy-1:2:3:4-tetrahydronaphthalene, 5- 
nitro-, 1255. 

6:8-Dimethoxythianthren dioxides, 682. 

3:5-Dimethoxy-p-toluic acid, 1532. 


nitr- 


2-acetyl-1-naphthy]. 
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Dimethyl selenide, formation of, by micro-organisms, 
and its salts, 68. 
p-Dimethylaminoacetanilide, dinitration of, 873. 
w-Dimethylamino-w-allylacetophenone picrate, 280. 
Dimethylaminoanthraquinones, 2-chloro-, 1814. 
2-Dimethylaminoanthraquinone-7-sulphonic 
sodium salt, and hydrochloride, 1814. 
p-Dimethylaminobenzyl alcohol, preparation of, 730. 
2-p-Dimethylaminobenzylidene-8-nitro-6-methoxy- 
quinaldine, 1523. 
1-Dimethylaminobenzyl-2-naphthol, 1139. 
p-Dimethylaminodiacetanilide, 2:6-dinitro-, 874. 
2-Dimethylaminodiphenyl methiodide, 649. 
3-Dimethylaminodiphenyl, and 6-nitroso-, 1695. 
4-Dimethylamino-4 -hydroxydiphenylmethane, 1138. 
ss :4’-dihydroxydiphenylmethane, 


acid, 


epee 


4-Dimethylamino-3-methoxy-l-naphthoamide, 1487. 

a-Dimethylamino-a-phenylpropane picrate, 281. 

6-y-Dimethylaminopropoxyquinoline, 8-amino-, meth- 
iodide hydrochloride, 1326. 

2-p-Dimethylaminostyrylindole, 1415. 

4:4’-Dimethylaminotriphenylmethane, 391. 

Dimethyl anhydromethylhexoside, crystalline, 154. 

Dimethylaniline, effect of pressure on mixtures of 
methylaniline and, 18. 

Dimethylaniline, 2:5-, 2:6-, and 3:5-dinitro-p-amino-, 
and their salts, 873. 

1:5-Dimethylanthracene, and its picrate, 1952. 

1:5-Dimethylanthraquinone, 1952. 

2:3-Dimethyl /-ascorbic acid, 1558. 

ee 
432. 

5:6-Dimethyl-1:2-benzanthraquinone, 428, 431. 

NN-Dimethyl-N’-(888-tribromo-a-hydroxyethyl)urea, 
and its hydrate, 112. 

1:2’-Dimethyl-2:1’-cyanine iodide, 1908. 

2:2’-Dimethyldibenzoxacyanine iodides, 964. 

ahaa and its picrate, 
457. 

Dimethyl diketone, photo-reactions of, 1505. 

Dimethyldiphenyl. See Ditolyl. 

3:5-Dimethyldiphenyl, and 4-amino-, 
ative, 648. 

~~~ eee See 3:3’-Ditolylsul- 
phone. 

4:10-Dimethylepindolidione, 1518. 

6:2’-Dimethyl-1-ethyl-2:1’-cyanine iodide, 1909. 

4:2’-Dimethyl-3-ethylthiazolo-1-cyanine iodide, 1910. 

2:3-Dimethylgalactose, and its anilide, 1322. 

l-trans-ay-Dimethylglutaconic acid, effect of alkalis on 
racemisation of, 1653. 

Dimethylharmine iodide, 1636. 

2:5-Dimethylhexane, 2-nitroso-, bimolecular, electric 
dipole moment of, 29. 

1:2-Dimethylindole-3-carboxylic acid, 1904. 

Dimethylmalonic acid, methyl ester, physical proper- 
ties of, 340. 

2:3-Dimethylmannose, and its oxime, 332. 

2:3-Dimethyl a-methylmannoside, 332. 

Dimethyl methylxylosides, and their derivatives, 827. 

2:6-Dimethylnaphthacene, 1406. 

2:6-Dimethylnaphthacene-9:10-quinone, 1411. 

a > | elma tiene acid, and its derivatives, 


3:7-Dimethyl-f-naphthylamine, and its hydrochloride 
and acetyl derivative, 1411. 

y-(6:7-Dimethyl-2-naphthyl)butyric acid, 458. 

ee eo me Oa ms 127. 

2:2’-Dimethyloxacyanine iodide, 964. 

1:3’-Dimethyl-1:2-cyclopentano-1:2:3:4-tetrahydro- 
phenanthrene, 127. 


and its picrate, 


acetyl deriv- 












1:2-Dimethylphenanthrene, 7-hydroxy-, and its benz- 
oy! derivative, 864, 867. 
4:5-Dimethylphenanthrene, attempted synthesis of, 
1950. 
Dimethylphenanthrenes, and their derivatives, 457. 
Dimethylphenanthridine methiodide and _picrate, 
649. 
2:7-Dimethyl-4-isopropyl-1-hydrindone, 1737. 
5:10-Dimethyl-8-isopropyloctahydro-2’:1’-naphtha-1:2- 
fluorene, 1738. 
Dimethylthallium methoxide, 1131. 
2:6-Dimethylthianthren, derivatives of, 682. 
3:4-Dimethylxylose, 827. 
Dimethylzinc, absorption spectrum of, 791. 
ad-Di-(a-naphthyl)butane, and its derivatives, 127. 
Diosphenol, catalytic hydrogenation of, 238. 
Diphenic acid, alkaloidal salts from, 347. 
Di-(2-phenoxy-3:5-dimethylphenyl) disulphide, di-2-o0- 
nitro-, 427. 
Di-(8-phenoxyethyl) disulphide, di-B-o-nitro-, 428. 
Di-(2-phenoxy-5-methoxyphenyl) disulphide, di-2-o- 
nitro-, 427. 
Di-(2-phenoxyphenyl) disulphide, di-(5-chloro-2-o- 
nitro)-, and di-(5-hydroxy-2-p-nitro)-, 427. 
Di(phenoxy-m-tolyl) disulphide, di-(4-p-chloro-o- 
nitro)-, 427. 
Diphenyl, 2- and 4-amino-, hydrochlorides, action of 
methyl] alcohol on, 645. 
4:4’-dichloro-3:3’-diamino-, and its derivatives, and 
— and 4:4’-dithiocyano-3:3’-dinitro-, 
1432. 
2:2’-dicyano-, 138. 
Diphenyls, 2:2’-disubstituted, stereochemistry of, 
347. 


optically active, replacement of obstacle groups in, 


Diphenyl ethers, o-amino-, rearrangement of, 727. 
2-amino-2’-hydroxy-, and 2’-nitro-2-amino-, 718. 
bromonitro-, bromonitrohydroxy-, chloronitro-, 

chloronitrohydroxy-, and nitrohydroxy-, 706. 
sulphide, 5’-chloro-2-nitro-2’-hydroxy-, and 2-nitro- 
2’:5’-dihydroxy-, 426. 

Diphenyl series, 1431. 

Diphenylamine-2-carboxylic acid, 4’-amino-, and its 
acetyl derivative, 434. 

Diphenylazidobismuthine, 408. 

3:4-Diphenyl-5-benzylidene-2-methylene-4*-cyclopent- 
enone, 200. 

3:4-Diphenyl-5-benzylidene-4 *-cyclopentene-1:2-dione, 
and its osazone, 200. 

3:4-Diphenyl-5-benzylidenecyclopentenones, mono- and 
di-chloro-, chlorohydroxy-, acetyl derivative, and 
hydroxy-, and their acetyl derivatives, 197. 

— -(B8B-tribromo-a-hydroxyethyl)urea, 


PI and a-cyano-, 1426. 

By-Diphenylbutyric acid, B-hydroxy-, and its ethyl 
ester, 1333. 

Diphenyl-2-carboxylic acid, 2’-nitro-, 838. 

NN’-Diphenyl-(888-trichloro-a-hydroxyethyl)malon- 
amide, and its acetyl derivative, 113. 

ee -(BBB-trichloro-a-hydroxyethyl)urea, 


3:4-Diphenyl-2:5-dibenzylidene-4*-cyclopentenone, 200. 
Diphenyl-p-dimethylaminobenzylamine, 1139. 
2:5-Diphenyl-3:6-di-a-naphthylpyrazine, 417. 
1:2-Diphenyl-1:2-di-p-tolylethanol, 1853. 
Diphenylene oxide, 6-bromo-2-nitro-, 719. 
Diphenylene oxide series, 716. 
aa-Diphenylethane, fff-trichloro-a-p-bromo-, -a-p- 
chloro-, -a-p-iodo-, and -aa-di-p-iodo-, 702. 
Di-8-phenylethylamine, nitroso-, picrate, 844. 
aa-Diphenylethylene, BB-dichloro-a-p-bromo-, -a-p- 
chloro-, and -a-p-iodo-, 703. 
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Diphenyliodonium nitrate, nitration of, 1262. 
Diphenyl-lead dinitrate, nitration of, 1261. 
Diphenylmercury, di-m-nitro-, 410. 

Diphenylmethane, parachor of, 33. 

os Rbeedionmenmes iodide, 


ad-Diphenyl-f-methyl-4*-butene dibromide, 1426. 

O-3:4-Diphenylmethylenenormeconine, 1131. 

ay-Diphenyl-a-(a-naphthyl)-n-propyl alcohol,  - 
amino-, 1567. 

Diphenyloxen, preparation of, 1852. 

3:4-Diphenylcyclopentenones, chloro-, and their deriv- 
atives, 201. 

3:4-Diphenyl-5-isopropylidene-4*-cyclopentenone,  2- 
chloro-, 207. 

3: 4-Diphenyl-5-isopropylidenecyclopentenones, hydr- 
oxy-, and their derivatives, 205. 

2:4-Diphenylquinoline, 7-hydroxy-, methohydroxide 
anhydronium base, and methiodide, 1421. 

Diphenylsulphone, 5 *.chloro-2-nitro-2 ’-hydroxy-, 426. 

Diphenylsulphones, 2-nitrodihydroxy-, 425. 

1:4-Diphenyl-1:2:4:5-tetrahydro-3:6-dithiapyrazine, 
2:2:5:5-tetrachloro-, and 2:2:5:5-tetrachloro-1:2-di-p- 
chloro-, 823. 

Diphenylthallium chloride, di-p-bromo-, and cyanide, 

409. 


nitrate and oxide, nitration of, 1260. 
Diphenyl-4:4’-dithiocarbimide, 319. 
Diphenyltin oxide, nitration of, 1261. 
ay-Diphenyl-a-p-tolyl-n-propyl alcohol, B-amino-, and 
its hydrochloride, 1567. 
Diphenyl-3:5:4’-tricarboxylic acid, 4-amino-, acetyl de- 
rivative, ethyl ester, 648. 
By-Diphenylvaleric acid, and B-hydroxy-, 1334. 
a,-Diphenylyl a-bromoisobutyl ketone, 871. 
4-Diphenylyl a-bromoisopropyl ketone, 871. 
4-Diphenylyl methyl ketone, 4’-bromo-, 871. 
4-Diphenylylmethylpiperidinomethylcarbinol, and its 
methiodide, 872. 
4-Diphenylylmethylisopropylcarbinol, 871. 
4-Diphenylyl piperidinomethyl ketone, and its meth- 
iodide, 872. 
action of Grignard reagents on, 869. 
am isopropyl ketone p-nitrophenylhydrazone, 
7 


a ~ gueaecnraeen chlorides and picrates, 
695. 
Bf’-Diphthalimidodiethyl ether, 1266. 
BB’-Diphthalimidodiethylamine, 464. 
B6’-Diphthalimidodiethylmethylamine, 465. 
Dipole moments, determination of, in solution, 1846. 
vector analysis of, 1467. 
of liquids, 696. 
of vapours, 1094. 
Di-n-propylglutaric acid, methyl ester, 1763. 
Di-n-propylmalonic acid, methyl ester, physical 
properties of, 340. 
2: 2’-Dipyridylamminoplatinous salts, 969. 
2:2’-Dipyridyldiamminoplatinous salts, 969. 
“7. - crrenennemnmtemenns chlor- 
ide, , 
2:2’-Dipyridylethylenediaminoplatinous salts, 970. 
2:2’-Dipyridylethylenedimethyldisulphineplatinous 
chloride, 971. 
B-2:2’-Dipyridylplatinic chloride, 968, 
B-2:2’-Dipyridylplatinous salts, 968. 
2:2’-Dipyridylpyridinotrichloroplatinic chloride, 969. 
Dispersion, rotatory, of carbohydrates, 1825. 
= constants of monocarboxylic acids, 161, 


of pan acids, 166, 1101. 
Distyryl ketones, unsymmetrical, reactivity of, 1741. 
Distyryl ketones, chlorohydroxy-, 1742. 
2:6-Distyrylpyridine, dinitro-derivatives, 277. 
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Disulphides, dismutation of, 818. 
Disulphoxides, stereoisomerism of, 680. 
3:5-Di-(O-tetra-acetyl- glucosidoxy)-8’-methoxy-4’: 5’- 
diacetoxyflavylium chloride, 7-hydroxy-, 1607. 
1:3-Di-p-toluenesulphonamidobenzene, 4:6-di- 
2:4:6-tri-bromo-, and -nitro-, 243. 
Di-p-toluenesulphonanilide, 181. 
Di-p-toluenesulphon-a-naphthalide, 181. 
Di-p-toluenesulphontoluidides, 181. 
Di-p-toluenesulphonylethylenediamine, 1304. 
1:4-Di-p-toluenesulphonylpiperazine, 1304. 
Di-p-toluoylsuccinic acid, 8- and y-ethy] esters, 1409. 
2:2’-Ditolyl, 6:6’-difluoro-, and 6:6’-diiodo-, 836. 
2:2’-Ditolyl sulphides, 5:5’-diamino-, 5:5’-dinitro-, and 
5’-nitro-5-amino-, and their salts and derivatives, 
1140. 
3’:5’-Ditolyl sulphide, 2-nitro-2’-hydroxy-, 
acetyl derivative, 425. 
ad-Di-p-tolylbutane-By-dicarboxylic acid, a5-dihydr- 
oxy-, dilactone, 1410. 
aa-Di-p-tolylethane, 888-trichloro-, 702. 
2:5-Ditolylfuran, 1409. 
2:5-Ditolylfuran-3:4-dicarboxylic acid, and its ethyl 
ester, 1409. 
3:3’-Ditolylsulphone, 4:4’-dihydroxy-, 45. 
3’:5’-Ditolylsulphone, 2-nitro-2’-hydroxy-, 426. 
1:4-Di-p-tolyl-1:2:4:5-tetrahydro-3:6-dithiapyrazine, 
2:2:5:5-tetrachloro-, 823. 
8-Di-o-xenyloxamide, 108. 
4’:4”-Dixenylthiocarbamide, 4:4’’’-diamino-, 319. 
2:5-Di-4’-m-xylylfuran, 1410. 
Dodecahydro-1:2-benzanthracene, and its derivatives, 
375. 


and 


and its 


Electric discharge, coil, ignition of mixed explosive 
gases by, 75. 
Electrodes, glass, effect of electrical leakage on electro- 
motive behaviour of, 256. 


platinum, anodic —. of, 743. 


Electrolytes, heats of dilution of, in non-aqueous sol- 
vents, 1376. 
heats of solution of, in non-aqueous solvents, 1368. 
viscosities of aqueous solutions of, 1124. 
strong, viscosity of solutions of, 1144. 
Electrolytic dissociation, larimetry of, 1440. 
oxidation. See under Oxi idation. 
Elements with consecutive atomic numbers, directive 
powers of, 37. 
Emulsions, phase volume theory of, 1112. 
type reversal of, 1360. 
Enzymes, effect of heavy water on activity of, 1109. 
Epindolidones, synthesis of, 1508. 
Epindoline group, 1508. 
Equilenin, derivatives of, 655. 
Equilibrium constants in terms of activities, 260, 1292. 
Ergine, 674. 
Ergostanylxanthic acid, methyl] ester, 1580. 
‘Ergostene, 1580. 
Ergosterol, constitution of, 1576. 
Ergot alkaloids, 674. 
Erythoxyanthraquinone 2’:3’-dimethoxy- 
methoxyphenyl ethers, 1065. 
Eserine, synthesis of, 1416. 
dl-Esermethole picrate, 1418. 
Esters, acid catalysis in, 623. 
aliphatic, reactions of, with potassium o-tolyloxide, 
' 902 


and 3’- 


Ethanes, penta- and hera-bromo- and chloro-, action 
of, with sodium hydroxide in aqueous ethy] alcohol, 
2003. 

at - errant aria 

517, ° 


«-chloro-, 
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Ethoxides, conductivity of, 1197. 

2-p-Ethoxyanilino-4-methylthiazole, 
1176. 

4-Ethoxybenzoic acid, 2-hydroxy-, methy] ester, 1496 . 

ae 3’-dimethyldiphenylsulphone, 4’-hydr- 
oxy-, 45 

ie -4-diphenyl-5-benzylidene-A*-cyclopentenones, 

9 


8-p’- 


and p-bromo-., 


8-8-Ethoxyethylamino-6-methoxyquinoline, 
amino-, dihydrochloride, 1266. 

4-Ethoxy-3-ethylbenzaldehyde, 2-hydroxy-, 1496. 

2-Ethoxy-3-ethylbenzoic acid, 4-hydroxy-, 1496. 

4-Ethoxy-3-ethylbenzoic acid, 2-hydroxy-, methy] 
ester, 1496. 

2-(4’-Ethoxyphenoxy)-4-methylquinoline, and 2-3’. 
amino-, and 2-3’-nitro-, 859. 

2-p-Ethoxyphenylimino-3: 4-dimethyl-2:3-dihydro- 
thiazole, 1176. 

B-Ethylacrylic acid, y-chloro-5-iodo-, 84. 

Ethyl alcohol, surface tension of mixtures of, with n- 

butyl alcohol, 532. 
aqueous, velocity of reaction of, with benzyl brom- 
ides, 987. 

1-Ethylatainobenzthiazole, 5-bromo-, hydrobromides 
of, and dibromo-, 709. 

3- and 5-Ethylbenzaldehydes, 2:4-dihydroxy-, and 
their 2:4-dinitrophenylhydrazones, 1497. 

Ethyldibromogold, 863. 
2-Ethylcarbamyl-1-thionaphthen, 3-hydroxy-, 821. 

2- and 3-Ethylcarbazoles, 1143. 

m-Ethylcarbonatodimethylaniline, 
with 1:8-naphthaly] chloride, 651. 

N-Ethyl-N’-(888-trichloro-a-hydroxyethyl)urea, 111. 

N-Ethyl-N’-(888-trichloro-a-methoxylethyl)urea, 111. 

2-Ethylchromone, 1312. 

2-Ethyldihydroresorcinol, 1493. 

Ethyldihydrostrychnidinium-A salts, 588. 

Ethylenediaminodiglycineplatinum salts, 1014. 

(Ethylenediamino )ethylenediethyldisulphineplatinous 
chloride, and its pallado- and plato-salts, 60. 

Ethylenediaminomono(diethylsulphine)platinous 
chloride, 61. 

Ethylenedipyridinium dichloride, 393. 

Ethyleneplatinous chloride, 973. 

Ethylglyoxal 2:4-dinitrophenylosazone, 85. 

1-Ethylcyclohexanol, 1-a-nitro-, 607. 

1-Ethylcyclohexene, 1-nitro-, 607. 

ee acid, methyl ester, physical properties 
of, 339. 

2-Ethylmenthane, 2-8-bromo-, 2-8-cyano-, and 2-B- 
hydroxy-, 1811. 

2-Ethyl-a-naphtha-y-pyrone, 1313. 

B-Ethylpentenoic acids, a-nitro-, ethyl esters, 609. 

1-Ethylphenanthrene, and its derivatives, 460. 

p-Ethylphenyl/richloromethylcarbinol, 702. 

B-Ethyl-8-n-propylglutaric acid, methyl ester, 1763. 

Ethyl-n-propylmalonic acid, methyl ester, physical 
properties of, 340. 

2-Ethyl-2’-n-propylthia-1’-cyanine iodide, 1910. 

2-Ethylresorcinol, 1497. 

6-Ethyltetrahydrocarbazole, 1143. 

p-Ethyltoluene, nitration of, 114. 

p-Ethyltoluene, 2- and 3-amino-, 2-mono-, 2:6-di- 
and 2:3:6-tri-nitro-, 2-nitro-6-amino-, and dinitro- 
amino-, and their derivatives, 117. 

Europium compounds, preparation of, 1972. 

Extraction apparatus for liquids and solids, 1652. 

Explosives, solid, initiation of detonation in, 720. 


condensation of, 


— cares wtingenintte matter from oils 
of, 1232 
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Flavan, 4:7:3’:4’-tetrahydroxy-, 221. 

Flavone, 5-hydroxy-, and its derivatives, 1483. 
5:6-dthydroxy-, attempted synthesis of, 1953. 

isoFlavone, synthesis of, 513. 

isoFlavone, 7-hydroxy-, and its acetyl and benzyl 
derivatives, 1121. 

Flavonols, attempted synthesis of, 1651. 

Flavpinacols, synthetic, absorption spectra of, 1940. 

Flavylium chlorides, tetra-, penta-, -, and hepta- 
hydroxy-, 1620, 1629. 

Fog, production of, in neutralisation of volatile 
acids or alkalis, 341. 

o> egpmmen gaseous, reaction of, with chlorine, 


Formo-a-naphthalide, 4-nitro-, 180. 

Formononetin, and its derivatives, 1770. 
Fucostanol, 1575. 

Fucostanone, 1575. 

Fucosterol, and its derivatives, 1572. 

Fumaric acid, borny] esters, optically inactive, 711. 
Furfurylidene-4-nitro-o-toluidine, 1744. 
Furfurylidene-2:5-dinitro-p-toluidine, 1744. 


Ga. 


Gadolinium compounds, preparation of, 1972. 
d-Galacto-ascorbic acid, 65. 
ee chloride, 
§-8-Galactosidylmalvidin salts, 814. 
3-Galactosidylpelargonidin chloride and picrate, 1613. 
—,. activated diffusion of, through silica glass, 
solubility of vapours in, 207. 
ignition temperatures of, 1382. 
— properties of, 360. 
mixed explosive, ignition of, by coil disc e, 75. 
Gelatin, swelling of, in heavy ae 1110. om 
3-O-Gentiobiosidyleyanidin chloride, 1611. 
Gesnera fulgens, anthocyanin of, 809. 
Gesnerin, 809. 
Glass, silica, activated diffusion of, 378. 
Glass electrodes. See under Electrodes. 
Glassware, sintered, laboratory production of, 1379. 
d-Gluco-ascorbic acid, 63. 
Glucose, ys wees of, with potassium hydroxide, 
sodium methoxide and ethoxide, 1160. 
4-a-Glucosido-8-mannose, and its octa-acetate, 303. 
ee chloride, 7:4’-dihydroxy-, 
5-Glucosidylapigeninidin, 809. 
> ~ enna chloride 
7-8-Glucosidylmalvidin chloride, 1618. 
3-8-Glucosidylpelargonidin chloride, 1612. 
3-O-Glucosidylpetunidin chloride, 1605. 
Glutaconic acids, chemistry of, 1653. 
Glutamic acid, B-hydroxy-, 1645. 
Glutaramic acid, and its sodium salt, dissociation 
constants of, 1104. 
Glutaric acid, esters, physical properties of, 338. 
Glutaric acids, pp-substituted, esters, physical pro- 
perties of, 1758. 
Glycerophosphates, constitution of, 448. 
Glyoxylic acid, a-amino-, a-bromo-, and a-chloro-, 
ae esters, iodo- and 2:4-dinitro-phenylhydrazones, 
7. 
Gold organic compounds, 860. 
Grass, carbohydrates of, 1560. 
Guaiacum resin, constituents of, 1423. 
dl-Guaiaretic acid dimethyl ether, 1428. 
Gum acacia, preparation of arabinose from, 1653. 


7:4’-dihydroxy-, 


and picrate, 
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Halides, anodic polarisation in solutions of, 10. 
= organic compounds, catalytic reduction of, 
Halogenation, alkaline, 213. 
Heat of dilution of electrolytes in non-aqueous 
solvents, 1376. 
Heat of solution of electrolytes in non-aqueous 
solvents, 1368. 
Hemimellitic acid, 4-nitro-, methyl ester, 371. 
Hemlock, tannin from, 1506. 
w-O-Hepta-acetylcellobiosidoxy-3:4-diacetoxyaceto- 
phenone, 1609. 
w-O-Hepta-acetylgentiobiosidyloxy-3:4-diacetoxyaceto- 
phenone, 1610. 
w-O-Hepta-acetyl-lactosidyloxy-3:4-diacetoxyaceto- 
phenone, 1610. 
w-O-Hepta-acetylmaltosidyloxy-3:4-diacetoxyaceto- 
phenone, 1610. 
Heterocyclic compounds, configuration of, 1170. 
unsaturation and tautomerism of, 1175, 1186. 
Hexa-acetyl aldomannose oxime, 148. 
Hexahydrobenzyldimethylamine picrate, 282. 
trans-Hexahydrohydrindene-2:2-diacetic acid, thermal 
decomposition of, 1250. 
Hexamethylenetetramine, reactions of, with phenolic 
compounds, 1305. 
compound of, with phenol, 729. 
Hexamethylenetetramine-di-p-nitrophenol, 1307. 
cycloHexane-1:1-dicarboxylic acid, methyl 
physical properties of, 341. 
cycloHexane-1:2-dione, o- and p-bromophenylhydr- 
azones, 273. 
bromo- and nitro-tolylhydrazones, and o-tolylhydr- 
azone, 274. 
A*-Hexenoic acid, 5-bromo- and §-chloro-y-hydroxy-, 
85 


A8-Hexenoic acid, 5-chloro-, 86. 

Ay-n-Hexenoic acid, 1994. 

4§.n-Hexenoic acid, preparation and reactions of, 
and its ethyl ester, 1995. 

Hexenylacetic acid, a-nitro-, ethyl ester, 609. 
4'.cycloHexenylpyruvic acid, ethyl ester, oxime, 609. 
n-Hexoic acid, 5-bromo-, ethyl ester, 2000. 

y5-dibromo-, 1995. 
r-cycloHexoylphenylcarbinol, 416. 
r-cycloHexylhydrobenzoin, 417. 
cycloHexylideneacetic acid, a-nitro-, ethyl ester, 609. 
a-cycloHexylsulphonyl-a-ethylthioacetone, 48. 
cycloHexylsulphonylethylthiomethane, 48. 
cycloHexylsulphonylmethylsulphonylmethane, 47. 
Hofer—Moest reaction in aqueous solution, 1878. 
Hormones, cestrus-producing, synthesis of compounds 

related to, 365, 653, 1727. 
Humulene, nitroso-, 1808. 

stereoisomeric, and their derivatives, 


Hydrastinine, Cannizzaro reaction of, 1465. 

3-Hydrazino-p-ethyltoluene, 2:6-dinitro-, 119. 

6- methyl-2:3-furano(2’:3’)pyridine, 1542. 

Hydrides of elements of Group V, physical relation- 
ships between, 730. 

volatile, physical properties of, 736. 

cis-§-Hydrindanol, and its phenylurethane, 952. 

cis-§-Hydrindanone, and its 2:4-dinitrophenylhydr- 

azone, 955. 

Hydrindene, ultra-violet absorption spectrum of, 

913 


derivatives, cis—trans-isomerism in, 1296. 
cis-Hydrindene-2-acetic acid, 1-hydroxy-, ammonium 
salt and lactone of, 1299. 
trans-Hydrindene-2-acetic acid, 1-hydroxy-, 1299. 
cis-a-Hydrindene-2-n-hexoic acid, lactone, 1302. 


ester, 


1315. 
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1 trenetatetees 
trans-Hydrindene-2-malonic acid, 1-hydroxy-, 1299. 
cis-a-Hydrindene-2-propionic acid, lactone, 1302. 
tence acid, a-l-hydroxy-, 
Hydrobromic acid. 


acid, a-l-hydroxy-, 


See under Bromine. 


Hydrocarbon, C,,H,,, from strophanthidin, attempted 
synthesis of, 454. 
C..H 4, from dehydrogenation of dehydronorcholene, 
431 


C,;H,,, from cholesterol, constitution of, 1727. 
Hydrocarbons, condensation of, with aldehydes, 701. 
olefine, complex compounds of, with metallic salts, 
971. 
tetracyclic hydroaromatic, formation of, 365. 
Hydrochloric acid, See under Chlorine. 
Hydrocyanic acid. See under Cyanogen. 
Hydrogen, isotopes of, separation of, by decomposition 
of water, 493. 
abundance ratio of, 1207, 1948. 
electrolytic properties of, 743. 
photochemical union of, with chlorine, 157. 
union of, with oxygen, in direct-current discharges, 
1895. 
catalytic syntheses with carbon monoxide and, 
under pressure, 1429. 
atomic, reactions of, with alkali metals, 7. 
with copper, 854. 
heavy, kinetics of reactions of, 1243. 
light and heavy, catalytic hydrogenation of, 797. 
Hydrogen bromide. See Hydrobromic acid. under 
Bromine. 
chloride. See Hydrochloric acid under Chlorine. 
cyanide. See Hydrocyanic acid under Cyanogen. 
peroxide, formation of, by electrolysis, 1772. 
action of inhibitors on decomposition of, 1219. 
potentiometric titration of permanganates with, 
1150. 
Hydromuconic acids, 1938. 
“* Hydrosorbic ” acid, nature of, 1994. 
Hydroxy-sulphones, rearrangement of, 422. 


L 


Ice, density of, 1217. 
Ignition of gases, temperatures of, 1382. 
of mixed explosive gases by coil discharge, 75. 
Iminogalacto-ascorbic acid, 1197. 
Iminogluco-ascorbic acid, 1195. 
Indene, and its derivatives, ultra-violet absorption 
spectra of, 911. 
Indene-2-acetic acid, 1300. 
Indole derivatives, polycyclic, action of halogens on, 
272. 
Indoleacetic acids, synthesis of, 1901. 
Indole-2-carboxylic acid, trinitro-, and its ethyl] ester, 
1415. 
Iodine, heat of activation of reaction of, with acetone, 
1744. 
surface reaction of, with acetylene, 726. 
Dimesoperiodic acid, 1090. 
Paraperiodic acid, dehydration of, 1088. 
Periodic acid, and its salts, 1086, 1088, 1091, 1771. 
determination of, 1086. 
Iodo(diaminodiethylamine) cupric iodide, 473. 
Iodo(diaminodiethylamine)platinous iodide, 472. 
Iridium bases :-— 
Iridium hydroxopentammines, 34. 
Chloropentamminoiridium hydroxide, 35. 
Hydroxopentamminoiridium salts, 36. 
Iridium determination :— 
determination of, microchemically, 1787. 
Iron alloys with aluminium in mercury, 1753. 
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Iron organic compounds :— 
Iron pentacarbonyl, absorption spectra and photo- 
chemical decomposition of, 524. 
Isatylideneacetophenone oxide, and _ its 
derivative, 1512, 1515. 
Isoprene, action of chlorine on, 829. 
Isotopes, 638. 


o-nitro- 


Ketens, action of optically active alcohols on, 1070. 
2-Keto-1-benzyl-1:2-dihydrobenzisothiazole, 821. 
B-Keto-a5-bis-2-bromo-4:5-dimethoxyphenyl-y-methyl- 
valeramide, 1428. 
B-Keto-a5-bis-3:4-dimethoxyphenyl-y-methylvaler- 
amide, 1427. 
4-Keto-2-irichloromethyl-1:3-benzdioxin, 6-nitro-, 329. 
4-Keto-2-irichloromethyl-7-methyl-1:3-benzdioxin, 6- 
nitro-, 329. 
Ketodimethyi-1 :2:3:4-tetrahydrophenanthrenes, 457, 
p-Keto-a5-diphenylvaleramide, 1426. 
13-Keto-n-dotetracontanoic acid, 1545. 
Keto-enols, absorption spectra and constitution of, 883. 
1-Keto-2-ethyl-1:2:3:4-tetrahydrophenanthrene, 461. 
Ketohydroxysuccinic acid, ethyl ester, 844. 
6-Keto-7-methoxy-1:2:3:4:6:9-hexahydronaphthalene, 
9-nitro-, 1254. 
1-Keto-7-methoxy-1:2:8:4-tetrahydronaphthalene, 
1-Keto-2-methyl-1:2-dihydrobenzoxazole, 1189. 
1-Keto-5-methyl-1:2:3:4-tetrahydroanthracene, 1952. 
5-Keto-6-methyl-5:6:7:8-tetrahydro-1:2-benzanthrac- 
ene, 432. 
1-Keto-6-methyltetrahydrocarbazole, and bromo- and 
nitro-derivatives, 275. 
1-Keto-8-methyltetrahydrocarbazole, 
and 6-nitro-, 274. 
Ketomethyl-1:2:3:4-tetrahydrophenanthrenes, 458, 459. 
13-Ketomyristic acid, 1544. 
Ketones, acid catalysis in, 623. 
ae of rates of racemisation and bromination 
of, 773. 
aliphatic, photo-dissociation of, 1718. 
liquid and dissolved, photo- reactions of, 1503, 1505. 
unsaturated, condensation of phenols with, 1435, 
1535. 
detection of, as nitrobenzenesulphonhydrazones, 
1330. 
eos” - apie eanataner cer ao oar 
ene, L 
1-Keto-3-phenyl-1:2:3:4-tetrahydronaphthalene, 1334. 
a-Ketopropaldehyde, and amino-, bromo-, chloro-, and 
chlorobromo-derivatives, halogenophenylhydraz- 
ones of, 933. 
a-Ketopropaldehyde, Bw-dibromo-, w-chloro-, and f- 
and w-iodo-, phenylhydrazones, 1987. 
4-Keto-7-isopropyl-1: 2:3:4-tetrahydrophenanthrene, 


and their 9- 


and 6-bromo-, 


1-Ketoteteshydrocarbesolea, bromo-, 
acetyl derivatives, 273. 
5-Keto-1:2:4:5-tetrahydropyrene, 374. 
Knoevenagel reaction, chemistry of, 1136. 
Kolbe reaction in aqueous solution, 1878. 


L. 


-Lacto-ascorbic acid, 65. 
3-O-Lactosidyleyanidin chloride, 1610. 
Lead organic compounds :— 
Lead diphenyl, nitration of, 1258. 
tetra-ethyl, absorption s trum of, 792. 
Lectures delivered before the hemical Society, 245, 635. 














Levan, constitution of, 676. 

Lignites, thermal decomposition of, 474. 

Linkings, chemical, 1180. 

Liquids, dipole moments of, 696. 

Liquidus-solidus studies, 139. 

Lithium chloride and sulphate, vapour pressure of 
saturated solutions of, 1665. 

Longifolene, oxidation of, 192. 

a-Longifolic acid, and its derivatives, 192. 


Macralstonidine, and its hydrochloride, 1231. 
Macralstonine, and its sulphate, 1231. 
Magnesium organic compounds :— 
Magnesium phthalocyanine, 1019. 
mol. wt., of, 1031. 
Maleic anhydride, action of, on anthracene derivatives, 
1224. 


Malonamic acid, and its sodium salt, dissociation con- 
stants of, 1104. 
Malonic acid, esters, physical properties of, 338. 
Malonic acids, substituted, esters, physical properties 
of, 333. 
Maltal, and its hexa-acetyl derivative, 302. 
y-Maltal, penta-acetyl derivative, 303. 
$-O-Maltosidyleyanidin chloride, 1610. 
Malvidin chloride 3-xyloside, 817. 
3-galactoside, 813. 
(—)Mandelic acid, d/-menthy] ester, resolution of, 715. 
(+)Mandelonitrile, optically active mixed benzoins 
from, 412. 
Mandeloyloxindole, 1514. 
Manganese alloys with tin and with zinc in mercury, 
1751. 
Manganous halides, compounds of, with pyridine 
and quinoline, 699. 
Permanganates, reduction of, in buffered solutions, 
1150 


Mendeléef Centenary Lecture, 635. 
d-A. %°).»-Menthadiene, formation of, from d-pule- 
gone, 242 
Menthane-2-acetic acid, and its derivatives, 1811. 
Menthane-2-f-propionic acid, ethyl ester, 1812. 
Menthan-2-ol-2-acetic acid, and its ethyl ester, 1811. 
dl-Menthol, resolution of, 1775. 
Menthols, relative configurations of, 1779. 
phosphoric acid compounds of, 317. 
neoisoMenthols, and their derivatives, 313. 
Menthone series, 313, 1779. 
d-neoMenthylamine, derivatives of, 1782. 
l-Menthylamine, derivatives of, 1781. 
Menthylamines, relative configurations of, 1779. 
l-Menthylglycine, and its derivatives, 1777. 
Menthylidene-2-acetic acid, ethyl ester, 1811. 
5-2-Menthyl-6-methylbutylenes, 1812. 
Mercurithiocoumarin, 6-hydroxy-, and its acetyl deriv- 
ative, 1046. 
Mercury, formation of alloys in, 1750. 
Mercury alloys with sodium, fission of aryltrimethyl- 
ammonium chlorides by, 1692. 
Mercury organic compounds :— 
Mercury, pheny] derivatives, nitration of, 1258. 
Mesitylene, nitro-, and nitroso-, electric dipole mo- 
ments of, 29. 
— ve and electrical properties of surfaces 
of, 6. 
dissolving, reducing action of, 493. 
Metallic carbonyls, spectra and photochemical decom- 
position of, 524, 1817. 
perchlorates, ternary, isotherms of, 514. 
salts, complex compounds of, with olefines, 971. 
complex, constitution of, 466. 
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Methane, dichlorodinitro-, preparation and cationoid 
reactivity of, 1671. 
nitro-, condensation products of, with aliphatic 
ketones, 608. 
trinitro-, aci-form of, 244. 
tetranitro-, parachor of, 33. 
Methoxides, conductivity of, 1197. 
at sgnneneemneme 2-hydroxy-, coumarins from, 
w-Methoxyacetophenone, 2:4:5-trihydroxy-, 1627. 
7-Methoxy-8-acetyl-2-methylchromone, 1684. 
— acid, 2-acetyl-l-naphthyl ester, 


1 " 
4-Methoxy-6’-benzoyldiphenylamine, 2:2’-dinitro-, 
1530. 


at t_ceeameaaanaaamamane seman 2-hydroxy-, 

5-Methoxy-7-benzyloxy-2-methylchromone, 1767. 

5-Methoxy-2-butyroacetylphenol, 1313. 

2:3-['7’-Methoxychromeno-(4’:3’) |benzopyrylium chlor- 
ide, 7-hydroxy-, and 7:5-dihydroxy-, benzoyl deriv- 
ative, 1534. 

at eeeeee ce and its derivatives, 


2-Methoxy-4-cyanonaphthalene, l-amino-, acetyl deriv- 
ative, 1488. 
— cetoxyacetophenone, 
7-Methoxy-3:4-diethylcoumarin, 1583. 
6-Methoxy-3:4-dimethylcoumarin, 1571. 
7-Methoxy-1:2-dimethylphenanthrene, 867. 
5-Methoxy-2:4-dimethylquinoline methiodide, 1422. 
6-Methoxy-5:7-dimethylquinoline, and 8-nitro-, 1266. 
7-Methoxy-2:4-dimethylquinoline, and its hydro- 
chloride, 1422. 
2-Methoxydiphenyl ethers, bromoamino-, bromonitro-, 
and bromonitroamino-, acetyl derivatives, 
chloroamino-, chloronitro-, and _ chloronitro- 
amino-, acetyl derivatives, amino-, dinitro-, and 
nitroamino-, acetyl derivatives, 706. 
2’-nitro- and 2’:4’-dinitro-, substitution products 


w-hydroxy-, 


of, 867. 
2’-Methoxydiphenyl ether, 2-nitro-, 718. 
5’-Methoxydiphenyl sulphide, 2-nitro-2’-hydroxy-, 
426. 


4-Methoxy-3:4-diphenyl-5-benzylidene-4?-cyclopenten- 
one, 2-chloro-, 200. 
as area: 


eae etm 
571. 


aa SED salts, 
572. 
7-Methoxy-2:2-diphenyl-4-methyl-4°-chromege, 1571. 
7-Methoxy-3:4-diphenylcoumarin, 1572. 
4-Methoxy-3:4-diphenyl-4*-cyclopentenone, 203. 
7-Methoxy-2:4-diphenylquinoline, and its methiodide 
and methosulphate, 1421. 
neat een 
2-Methoxydistyryl ketone, 4’-hydroxy-, 1742. 
4’-Methoxydistyryl ketone, 3- and 4-chloro-, 1742. 
7-Methoxy-2-ethylchromone, 1313. 
6-Methoxy-3-ethyl-o-cresol, and its p-nitrobenzoyl 
derivative, 1495. 
7-Methoxy?soflavone, 1121. 
ee chloride, 3:3’:4’-trihydroxy-, 


2-nitro-2’-hydroxy-, 


3’-Methoxy-5-8-glucosidoxyflavylium chloride, 7:4’- 
dihydroxy-, 811. 
7-Methoxy-4-keto-1:2-dimethyl-1:2:3:4-tetrahydro- 
phenanthrene, 866. 
8-Methoxy-2:3-[7’-methoxychromeno(4’:3’)]benzo- 
pyrylium ferrichloride, 1534. 
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<i 3)-methylanthraquinone, 5:8-dichloro-, 
33. 


o-Methoxymethylbenzoic acid, 1466. 
3-Methoxy-2-methylchromone, 6:7-dihydroxy-, 
its derivatives, 1627. 
Methoxymethylchanodihydrostrychnane, 592. 
Methoxymethylchanodihydrostrychnone, and its deriv- 
atives, 590. 
3-Methoxymethyl-2:2-dimethylcyclohexan-4-ol-1-carb- 
oxylactone, 3-hydroxy-, 447. 
3-Methoxymethyl-2:2-dimethylcyclohexan-4-one-1- 
carboxylactone, 3-hydroxy-, 446. 
7-Methoxy-3’:4’-methylenedioxy-2-a-methylstyryl-3- 
methylchromone, 1314. 
7-Methoxy-3-methyl-2-ethylchromone, 1314. 
7-Methoxy-3-methyl-4-ethylcoumarin, 1583. 
7-Methoxy-1-methylnaphthalene, 1951. 
5-Methoxy-3-methyl-3-(8-phthalimidoethyl )indolenine, 
and its derivatives, 1417. 
7-Methoxy-3-methyl-2-propylchromone, 1314. 
6-Methoxy-4-methylquinoline, 2-hydroxy-, 377. 
7-Methoxy-1-methyl-1:2:3:4-tetrahydro-1:2-cyclopent- 
enophenanthrene, and its derivatives, 657. 
Methoxymethyltetrahydrostrychnidine, 587. 
2’-Methoxy-a-naphthaflavone, 1768. 
2-Methoxynaphthalene, l-amino-, and 1:4-diamino-, 
l-acetyl derivative, and 4-nitro-l-amino-, l-acetyl 
derivative, 1488. 
6-Methoxynaphthalene, l-iodo-, and l- 
nitro-, 656. 
2-Methoxy-1: 4-naphthaquinone, 1489. 
6-Methoxy-2-naphthoic acid, 5-bromo-, and its methyl 
ester, 866. 
8-(6-Methoxy-2-naphthoyl)butyric acid, 8-5-bromo-, 
and its methyl ester, 866. 
6-Methoxy-l-naphthylamine, and its benzoyl deriv- 
ative, 


and 


1-bromo-, 


6-Methoxy-2-naphthyl a-bromoethyl ketone, 5-bromo-, 
866. 


f-6-Methoxy-l-naphthylethyl alcohol, and its deriv- 
atives, 657. 

1-Methoxy-2-naphthyl ethyl ketone, and its deriv- 
atives, 1314, 

6-Methoxy-2-naphthyl ethyl ketone, 866. 

1-(8-6’-Methoxy-1’-naphthylethyl)-2-methyl-4'-cyclo- 
pentene, and its picrate, 657. 

ok * -emeiainapanrec tape cnrei naman 

4, 


2-Methoxy-1l-naphthylideneacetone, 1536. 
1’-Methoxy-2’-naphthyl-4-methylethylpyrazole-1- 
carbonamide, 1315. 
1-Methoxy-2-naphthyl methyl ketone, and its semi- 
carbazone, 1314. 
y-(6-Methoxy-2-naphthyl)-f-methyl-4*-pentenoic acid, 
y-5-bromo-, 8 
y-(6-Methoxy-2-naphthyl)-8-methylvaleric acid, 866. 
7-Methoxy-1:2-cyclopentenophenanthrene, and its 
derivatives, 658. 
6-Methoxy-4-phenacylflavene, 1258. 
7-Methoxy-4-phenacylflavene, 1257. 
7-Methoxy-4-phenacylideneflavene, 
carbazone, 1258. 
7-Methoxyphenothioxin, 3-chloro-, 10-dioxide, 427. 
2-(4’-Methoxyphenoxy)-4-methylquinoline, and 2-3’- 
amino-, and 2-3’-nifro-, 859. 
4-(4’-Methoxyphenoxy)-2-methylquinoline, and 4-3’- 
amino-, and 4-3’-nitro-, 860. 
3-Methoxy-5-phenylacridine, 1:9-diamino-, 
derivatives, and 1:9-dinitro-, 1530. 
3-p-Methoxyphenyl-5-m-chlorostyryl-4°-cyclohexen-1- 
one-2-carboxylic acid, ethyl ester, 1742. 
Serio maeeennee reenter seen salts, 
572. 


and its semi- 


and its 


4-Methoxyphenylhydrazine, 2-nitro-, 1528. 
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6-Methoxy-2-phenyl-3-methylbenzo-f-naphthatso- 
spiropyran, 1572. 
7-Methoxy-2-phenyl-3-methylbenzo-f-naphthaisospiro- 
pyran, 1577/1. 
Methoxyphenyl 4-nitrobenzyl ketones, hydroxy-, and 
their 2:4-dinitrophenylhydrazones, 514. 
4’-Methoxyphenylpropylpyrazole-l-carbonamide,  2’- 
hydroxy-, 1313. 
Methoxyphenyltrimethylammonium 
picrates, 1695. 
5-Methoxyisophthalic acid, methyl ester, 421. 
5-Methoxy-y-phthalimidopropoxybenzene, 2-amino-, 
and 2-nitro-, 1529. 
5-Methoxy-2-propionoacetylphenol, 1313. 
a —— een 2-hydroxy-, 
from, 1581 
7-Methoxy-2-propylchromone, 1313. 
6-Methoxyquinaldine, 8-amino-, and 8-nitro-, 1523. 
6-Methoxyquinoline, 8-amino-, and 5-chloro-8-amino-, 
acetyl derivatives, 1527. 
7-Methoxyquinoline, and its salts, 1421. 
CS ene ean acid, ethyl ester, 


Ba a 404. 
7-Methoxy-2-styrylchromone, 1766. 
ee -sulphinodiphenyl 

at - - <aleateamrrres 8-amino-, and 8-nitro-, 


‘-Metheny-1: = 3:4-tetrahydronaphthalene, 
hydroxy-, 1 
3-Methoxytoluene-6-sulphonic acid, 2011. 
7-Methoxy-2:3:4-triphenylbenzopyrylium salts, 1572. 
2-Methoxy-m-xylene, 5-nitro-, 1266. 
2-Methoxy-m-5-xylidine, 1266. 
Methyl groups, reversed field effect of, 679. 
2- and 3-Methylacetephenones, 2: 4-dinitrophenyl- 
hydrazones, 120. 
as eemeeen 
4-Methylacetophenone, 3-amino-, and 3-nitro-, and 
their derivatives, 120. 
2-chloro-3:5-dinitro-, 851. 
3-hydroxy-, 420. 
Methylamine, thermal oxidation of, 1957. 
3-Methylamino-p-ethyltoluene, 2:6-dinitro-, 119. 
Methylaniline, effect of pressure on mixtures of 
dimethylaniline and, 18. 
— 3)-Methylanthraquinone, 5:8-dichloro-2-hydroxy-, 


$-Mothylanthraquinone, 5:8-dichloro-1-hydroxy-, and 
1:5-dihydroxy-, 1633. 
1: . vo 4 tetrahydroxy-, and its tetra-acetyl derivative, 
3-Methyl /-ascorbic acid, 1557. 
6-Methylbenzaldehyde, 2-hydroxy-, anil of, 244. 
6-Methyl-1:2-benzanthraquinonyl-5-acetic acid, 431. 
a - _crrns 2:4-dinitrophenylhydrazone, 
2-Methylbenzopyrylium perchlorate, 42. 
N-Methyl-N ’-(888-tribromo-a-ethoxyethyl)urea, 112. 
N-Methyl-N’(888-tribromo-a-hydroxyethyl)urea, and 
its diacetyl derivative, 112. 
2-Methylbutadiene, 1-chloro-, 833. 
2-Methylbutane, 1:4- dichloro-2: 3-dihydroxy-, 835. 
2-Methyl-4?-butene, 1:4-dichloro-, 835. 
2-Methyl-4*-butene-1:4-sulphone, ‘l-chloro-, 833. 
a acids, a-nitro-, ethyl esters, 


My but ketone, photochemical decomposition 
dl-a~Methylbutyryl bromide, a-bromo-, 1075. 
2-Methylcarbamyl-1-thionaphthen, 3- -hydroxy-, 820. 
N-Methyl-N ’-(88-trichloro-a-ethoxyethyl )urea, 111. 


chlorides and 


chromones 


ether, 2-nitro-, 


nitro-6- 


2:4-dinitrophenylhydrazone, 














N-Methyl-N’’-( ta catego nae jurea, and 
its diacetyl derivative, 1 
2-Methyl-4-chloromethylene-1:3-benzdioxin, 6:8-di- 
nitro-2-trichloro-, 329. 
2-Methyl-4-dichloromethylene-7-methyl-1:3-benzdi- 
oxin, 6-nitro-2-trichloro-, 329. 
Methylcholanthrene, and its picrate, 431. 
2-Methylchromone, 7-mono-, and 5:7-di-hydroxy-, 
and their 7-benzyl derivatives, 1766. 
3:6:7-trihydroxy-, 1628. 
2-Methylchrysazin, 2-hydroxy-, triacetate, 1635. 
N-Methylcinchotoxine, action of Grignard reagents 
on, 869. 
3-Methyl-p-cymene, 3-chloro-, 1734. 
1-Methyldehydrolongifane, and its derivatives, 195. 
2-Methyl-1:2-dihydrobenzoxazole, l-imino-, and its 
picrate and acetyl derivative, 1188. 
1-thio-, 1190. 
N(b)-Methyldihydrochanodihydrostrychnidine-0, 578. 
N(6)-Methylchanodihydroneostrychnidine, and _ its 
methiodide, 588. 
N(6)-Methylchanodihydroncostrychnidine-0, 578. 
Methyldihydrostrychnidinium-A carbonate and hydr- 
oxide, 581. 
Methyldihydrostrychnidinium-D salts, 586. 
N(6)-Methyldihydrochano--strychnine, and its benzyl- 
idene derivative, 595. 
3-Methyl-2:2-dimethylcyclohexan-4-one-1-carboxy- 
lactone 3-hydroxy-3-bromo-, 446. 
2-Methyldiphenyl, 6-nitro-2’-amino-, and its acetyl 
derivative, 837. 
4-Methyldiphenyl ether, 2’:4’-dinitro- and 2’:4’:6’- 
trinitro-2-amino-, and their derivatives, 728. 
Methyldiphenyl ethers, 4’-amino-, acetyl derivatives, 
and nitro-, substituted derivatives of, 52. 
5-Methyldiphenylamine 2’:4’-dinitro- and 2’:4’:6’- 
trinitro-2-hydroxy-, and their salts, 728. 
1:2-Methylenedioxy-3:4-dimethoxy-5-allylbenzene. See 
Dill apiole. 
6:7-Methylenedioxy-2:3-[7’-methoxychromeno(4’:3’ )] 
quinoline picrate, 1534. 
3’:4’-Methylenedioxy-2-a-methylstyrylchromone, 1312. 
2-Metaylene-irans-hexahydrohydrindene, 1253. 
Methylethylanilines, and nitro-, and their acetyl 
derivatives, 420. 
2’-Methyl-1-ethyl-5:6-benz-2:1’-cyanine iodide, 1909. 
Methylethylbenzenes, nitro-, 420. 
2’-Methyl-2-ethylbenzthia-1’-cyanine iodides, 1910. 
7-Methyl-4-ethyl-1:2:3-benztriazole, 6-nitro-1- 
hydroxy-, 119. 
2’-Methyl-1-ethyl-2:1’-cyanine iodide, 1909. 
2’-Methyl-1-ethyl-4:1’-cyanine iodide, 1909. 
2-Methyl-1-ethyl-3:4-dihydrophenanthrene, 460. 
= ethyl ketone, photochemical decomposition 
of, 874, 
Methylethylmalonic acid, methyl ester, 
properties of, 340. 
Methylethylphenanthrenes, 460. 
Methylethylphenols, and their derivatives, 420. 
ee, and its dimethyl ether, 
5. 
4-Methyl-2-ethyliresorcinol, 1497. 
Methylethylresorcinols, 1498. 
2’-Methyl-2-ethylselena-1’-cyanine iodide, 1910. 
4-Methyl-2:3-furano(2’:3’ pyridine, and 6-chloro-, and 
6-hydroxy-, 1541. 
4-Methyl-2:3-furano(2’:3’)pyridine-5’-carboxylic acid, 
5-bromo-6-hydroxy-, A 6-hydroxy-, 1541. 


physical 


3-Methylgalactosazone, 13 

a-Methylgalactoside, tan of with benz- 
aldehyde, 1321. 

Methyl epiglucosamine, and its hydrochloride, 


preparation of, 151. 
p-Methyiglutaric acid, methyl ester, 1762. 


Index of Subjects. 





2047 


Methylglyoxal 2:4-dinitrophenylosazone, 83. 
ind-N-Methylharmine, and its salts, 1637. 
N(6)-Methylhexahydrostrychnidine-0, 580. 
1-Methylcyclohexane-2-acetic acid, silver salt, 1252. 
Methylcyclohexane-1:1-diacetic acids, esters, 1763. 
1-Methylcyclohexanol, 1-nitro-, 606. 
1-Methylcyclohexene, 1-nitro-, and its ozonide, 606. 
8-Methylhexenoic acids, a-nitro-, ethyl esters, 609. 
2-Methylindole, trinitro-, 1415. 
ee ‘acid, and its ethyl ester, 
O-Methyl-lactamide, action of sodium hypochlorite 
on, 1726. 
= 


Meityimaloni acid, methyl] ester, physical properties 
0 
ONE Ne ReneS, action of sodium hypochlorite 
on, 
a-Methylmannoside, condensation of, with benz- 
aldehyde, 330. 
N-Methylmenthylamine, 313. 
Methyl-8-2-menthylethylacetic acid, 
toluidide, 1812. 
Methyl 2-B-menthylethyl ketone 2:4-dinitrophenyl- 
hydrazone, 1812. 
Methyl-f-2-menthylethylmalonic acid, ethyl ester, 1811. 
Methyl £-m-methoxyanilino-a-propenyl ketone, 1422. 
2-Methyl £-methylxyloside, and its derivatives, 826. 
1-Methylnaphthalene, 7-amino-, 7-cyano-, and 7- 
hydroxy-, 1951. 
2-Methyl-5:6-naphtha(1:2)pyrylium ferrichloride, 1536. 
Methylnaphthoxazoles, and their ethiodides and 
methiodides, 963. 
B-(4-Methyl-1-naphthoyl)isobutyric acid, 459. 
B-(5-Methyl-1-naphthoyl)propionic acid, 458. 
B-(8-Methyl-2-naphthoyl)propionic acid, and its methyl 
ester, 1952. 
8-Methyl-2-naphthyl bromomethyl ketone, 1952. 
y~(5-Methyl-1-naphthyl)butyric acid, 458. 
y-(8-Methyl-2-naphthyl)butyric acid, and its methyl 
ester, 1952. 
1-Methyl-2-8-(a-naphthyl)ethylcyclopentanol, 127. 
2-Methyl-1-f-(a-naphthyl)ethylcyclopentanol, 126. 
10-Methyloctahydro-2’:1’-naphtha-1:2-fluorene, 1737. 
—o acid, methyl ester, 
1-Methyl-1:2-cyclopentano-1:2:3:4-tetrahydrophen- 
anthrene, 127. 
1-Methylcyclopentene, 1-nitro-, 608. 
f-Methylpentenoic acids, 599. 
1-Methylphenazine, 1993. 
10-Methylphenoxarsine-2-carboxylic acid, resolution 
of, and its salts and derivatives, 1170. 
2-Methylphenoxarsinic acid, 1173. 
8-Methylphenoxazine, 1:3-dinitro-, 729. 
N-Methyl-/-piperitylamine, 311. 
B-(Methylpiperonyl)ethylmethylamine, 
and its derivatives, 1465. 
Methyl-44-propenylsulphone, 686. 
SS ee 
3-Methyl-2-propylchromone, 7-hydroxy-, 1583. 
f-Methyl-f-n-propylglutaric acid, methyl ester, 1763. 
'7-Methyl-4-ieopropylhydrindene-1:1’-spiro-(4':5’- 
benz)hydrindene, 1736. 
7-Methyl-4-isopropylhydrindene-1:7’-spiro-7’:8’=di- 
hydrophenalene, 1735. 
‘7-Methyl-4-isopropyl-1-hydrindone, 1735. 
Methyl-n-propylmalonic acid, methyl ester, physical 
properties of, 340. 
5-Methyl-8-isopropyl-2’: 1’-naphtha-1:2-fluorene, 1738. 
= :1’-naphtha-1: 2-fluorenone, 


l-amino-, and its derivatives, 


and its p- 


B-6-hydroxy-, 
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f-4-Methyl-3-pyridylacrylic acid, a-bromo-5-bromo- 
2:6-dihydroxy-, and £-2:6-dihydroxy-, derivatives 
of, 1541. 
B-(4-Methyl-3-pyridyl)propionic acid, f-2-chloro-, 6- 
Bye oe and £-2-hydroxy-, 1543. 
5- or hn -Methyl-4’-quinolinoxy)-2:4-dimethylquinol- 
— 860. 
or 7-(4’-Methyl-2’-quinolinoxy)-2:4-dimethylquinol- 
uf 858. 
2-Methyl-1-isoquinolone, 1907. 
‘-Methyl-2-stilbazole, nitrate of, and 3’-nitro-, 277. 
Methylstrychnidinium salts, reduction of, by sodium 
amalgam in presence of carbon dioxide, 574. 
Methylsulphonylacetone, 48. 
Methylsulphonyl-p-tolylthioacetone, 48. 
2-Methyl-1:4:4a:9a-tetrahydroanthraquinone, 1- 
chloro-, 833. 
10-Methyl-3:4:10:11-tetrahydro-1:2-benzfluorene, 1736. 
1-Methyl-1:2:3:4-tetrahydrophenazine, 1993. 
Methyltetrahydrostrychnidine, hydroxy-, and its deriv- 
atives, 587. 
w-Methylthioacetophenone, w-cyano-, 48. 
Methylthiol, trichloro-, 823. 
2-Methylxylose, and its derivatives, 826. 
Micro-organisms, formation of organo-metalloid com- 
pounds by, 68. 
Molecular rearrangements, theories of mechanism of, 
1269 
Molybdenum : — 
Molybdic acid, complex compounds of, with tartaric 
acid, 1055. 
Molybdates, precipitation of, 1156. 
Muconic acid, catalytic hydrogenation of, 307. 
Muconic acids, 1938. 


2’:1’-Naphtha-1:2-fluorene, 1737. 
2’:1’-Naphtha-1:2-fluorenone, 1737. 
Naphthalene, absorption spectra of, and its deriv- 
atives, 916. 
Naphthalene, homologues of, 1406. 
Naphthalene, 1-amino-2-hydroxy-4-cyano-, and its 
derivatives, 1485. 
3-chloro-l-nitro-, 1706. 
4-cyano-1:2-dihydroxy-, 1487. 
2:7-dinitro-, 173. 
Naphthalenes, chloroiodo-, 50. 
Naphthalene-2:3-dicarboxylic acid, 5-mono- and 5:8- 
di-amino-, 5-nitro-, and dinitro-, and their deriv- 
atives, 1413. 
Naphthalene-6-sulphonic acid, 1-bromo-, sodium salt, 
656. 
Naphthalic acid, dinitro-, constitution of, 171. 
a-Naphthalides, nitration of, 180. 
1:8-Naphthalyl chloride, condensation of, with m- 
ethylcarbonatodimethylaniline, 651. 
a-Naphtha-y-pyrones, 1311. 
1:2-Naphthaquinone, 4-cyano-, 1487. 
Naphthastyril, preparation of, 137. 
a-Naphthoic acid, 8-bromo-, and its ethyl ester, 
5:8-dibromo-, 8-bromo-5-nitro-, and its esters, 
and 4:5-dinitro-, and its ethyl ester, 171. 
8-bromo-, and 8- chloro-, orientation of derivatives 
of, 168. 
8-bromo-3- and deli 8-bromo-3:6-dinitro-, and 
3:6-dinitro-, and their derivatives, 173. 
a-Naphthol, 3-mono- and 2:3:4-tri-bromo-, 3-chloro-, 
3-chloro-2:4-dibromo-, 2-chloro-4-nitro-, and 3- 
iodo-, 1705. 
p-Naphthol, condensation of, with vinyl methyl 
ketone, 1535. 
——s 1-nitroso-, action of potassium cyanide on, 
484, 
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w-2-Naphthoylacetophenone, w-l-hydroxy-, 1768. 

B-2-Naphthoylisobutyric acid, methyl ester, 457. 

w-2’-Naphthoyl-2:4-dimethoxyacetophenone, 
hydroxy-, 1769. 

B-1-Naphthoyl-a-ethylpropionic acid, 460. 

ee w-1-hydroxy-, 

7 

w-2’-Naphthoyl-3:4:5-trimethoxyacetophenone, 
hydroxy-, 1769. 

a-Naphthylamine, 3-bromo-, 2-bromo-4-nitro-, 3- 
chloro-, 2-chloro-4-nitro-, 3-iodo-, and 4-nitro-, and 
their salts, 1705. 

2-Naphthyl £-bromoethyl ketone, 459. 

a-Naphthyl af-diphenylethyl ketone, 1567. 

1-(B-1’-Naphthylethyl)cyclohexanol, 372. 

1-( 8-1’-Naphthylethyl)-4'-cyclohexene, 372. 

1-Naphthylethyl methyl ketone, 8-2-hydroxy-, 1535. 

1-(8-1’-Naphthylethyl)-7-methyl-4-isopropylhydrin- 
dene, 1-hydroxy-, 1735. 

" ee RNIN, 


w-]’. 


w-1’. 


a-Naphthylglycollic acid, (—) menthy] esters, isomeric, 
130. 


y-2-Naphthyl-a-methyl-4°-pentenoic acid, 457. 

4-Naphthyl-p-tolylsulphone, 1-amino-2-hydroxy-, 2-p- 
toluenesulphony] derivative, and 1-diamino-2-hydr- 
oxy-, 1:2-triacetyl derivative, 1489. 

2-Naphthyltrimethylammonium chloride, 1696. 

Narcotines, stereoisomeric, and their derivatives, 1315. 

Neoarsphenamine. See Neosalvarsan. 

Neosalvarsan, constitution of, 1707. 

Nickel, catalytic, hydrogenation with, 1935. 

Nickel organic compounds : — 
Nickel tetracarbonyl, absorption trum and 

photochemi decomposition of, 524. 
photochemical decomposition of, 1817. 
thermal decomposition and oxidation of, 1822. 

Nicotinoylacetic acid, ethyl ester, 1739. 

B-Nicotinoylpropaldehyde-f-carboxylic 
ester, 1740. 

Nitration, study of, 1352. 

Nitro-compounds, aromatic, identification of, by 
crystallographic methods, 1830. 

Nitro-groups, effect of, in three-carbon tautomerism, 
604. 

Nitroform, parachor of, 33. 

Nitrogen :— 

Nitrates, density of molten mixtures of, 1. 
liquidus—solidus equilibria in systems of, 145. 
Nitrogen bases, tertiary, action of, with organo- 

halides, 1599. 
cis-Norcaryophyllenic acid, 1809. 
Norcholanic acid, and its semicarbazone, 433. 
dl-Noresermethole, and its picrate, 1417. 
Normeconine, bromo-, and its derivatives, 1130. 


acid, ethyl 


oO. 


Obituary Notices :— 
Robert Addie, 1468. 
John William Biggart, 2012. 
William Dalrymple Borland, 1468. 
Frederick Woodward Branson, 2012. 
Johannes Christian Brinnich, 559. 
Richard Arthur Bush, 1469. 
Robert Martin Caven, 1469. 
Juan Pedige Charles Chandrasena, 1471. 
Allan Thomas Cocking, 2014. 
Robert English, 1472. 
Arthur George Everard, 559. 
Morris Broad Fowler, 1472. 
George Fry, 1473. 
George Gray, 1474. 








Obituary Notices :— 
John Haworth, 1474. 
John William Edward Heath, 2014. 
John Bright Hoblyn, 560. 
Edward Watkin Lewis, 561. 
Nial Patrick Kenneth James O’Neill McClelland, 
561. 


Andrew Norman Meldrum, 1476. 

Pattinson Banks Melmore, 563 

Richard Jackson Moss, 563. 

Sir Frederic Lewis Nathan, 565. 

(Miss) Ivy Winifred Elizabeth Rogers, 2016. 

William F. Sandrock, 565. 

James Alexander Sckoaeha, 2016. 

Robert Elliot Steel, 565. 

B. D. Steele, 1479. 

Alfred Walter Stokes, 2017. 

Bertram Vincent Storr, 1479. 

Max Tagg, 2018. 

George Tate, 1480. 

John Thomas, 565. 

John Millar Thomson, 567. 

Victor Herbert Veley, 570. 

Vargas José Maria Vergara, 574. 

William Henry Watson, 2018. 

Henry White, 1481. 

Edward Escott Wood, 2019. 

W. Frank J. Wood, 1482. 
B-Octadecyl glyceryl! ether, synthesis of, and its 

diphenylcarbamate, 1232. 
cise and trans-as-Octahydrochrysenes, 372. 
Octahydronaphthalenes, absorption spectra of, 923. 
2:7:2’:7’-Octamethyltetra-aminodianthrone, 1816. 
rr ree 956. 


tanone, ‘and its derivatives, 955. 

cise and trans- ones, and their semi- 
carbazones, 944. 

B-0:3:3-bicycloOctanones, synthesis of, 935. 

a paaeeastatmaiatameneee acid, ethyl ester, 


olefins, complex compounds of, with metallic salts, 


eum salts, formation of, 1599. 

Optical activity and tautomerism, 93, 98, 773. 

Optically active compounds, influence of solvents 
on rotation of, 100. 

— compounds, long-chain, 


e reactions of, 174. 

Organo-metalloid compounds, formation of, by micro- 
organisms, 68. 

Orientation, 1743. 

Osones, addition of hydrogen cyanide to, 1192. 

Oxacyanines, 962. 

Oxalic acid, barium and manganous salts, complex 
formation in solutions of, 400. 

Oxidation, electrolytic, 10, 1772, 1878. 

Oximes, heterogeneous catalysis of stereoisomeric 
Psd in, 980. 
N-Oximino-ethers, 722. 

Oximinophenylacetonitrile phenyl ethers, and their 
derivatives, 724. 

Sa paateeD hydroxides, 


Oxygen, valency angle of, 1179. 
union of, with hydrogen, in direct current discharges, 
1895. 
Oxymethoxymethyldihydroneostrychnine, 591. 
Oxy-N(b)-methylchanodihydroncostrychnidine-0, 580. 
Oxythiocyanic acid, 473. 
= decomposition of, photosensitised by chlorine, 


alternation in, 
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isoPaeanol, and its acetate, 1691. 

Palladium, catalytic, hydrogenation with, 1936. 
relationships between diammines and disulphines 

of platinum and, 56. 

Palladium organic compounds, isomeric, 1012. 
Palladous chloride, thio-ethers of, 182. 

Parachor of substituted methanes, 32. 

Paraperiodic acid. See under Iodine. 

Pedler Lecture, 245. 

Pelargonidin 3-galactoside, 1611. 

Penicillium, formation of dimethyl selenide by 
species of, 70. 
cycloPentaneacetic 

943. 


Cee Lente Gant acid, ethyl ester, 


pmhiiinsetie teins acid, and its 
ethyl ester, 955. 

cise Bs trans-cycloPentane-1-carboxy-2-acetic acids, 
synthesis of, and their derivatives, 956. 

trans-cycloPentane-1-carboxy-2-malonic acid, and its 
ethy] ester, 960. 

cis- and trans-cycloPentane-1-carboxy-2-propionic acids, 
and their derivatives, 953. 

cis-cycloPentane-1-cyanoacetic-2-acetic acid, ethyl 
ester, 941. 

cis-cycloPentane-1:2-diacetic acid, and its silver salt, 
941. 


trans-cycloPentane-1:2-diacetic acid, 944. 
cycloPentane-1:1-dicarboxylic acid, methyl 
physical properties of, 341. 
cycloPentanol-2-acetic acid l-acetate, lactone, 942. 
cycloPentanol-2-acetic acid, lactone, 943. 
cycloPentanol-1:2-diacetic acid, ethyl ester, 942. 
cycloPentanone cyanohydrin, 958. 
cycloPentanone-2-carboxylic-2-f-propionic acid, ethyl 
ester, 953. 
cycloPentanone-2-carboxylic-5-propionic acid, ethyl 
ester, 954. 
cycloPentanone-2-8-propionic acid, and its derivatives, 
953. 


A'-cycloPentenecarboxylic acid, and its ethyl ester, 
and 2-bromo-, ethyl ester, 959. 
cyeloPentene-1-earboxylie-£-propionic acid, ethyl ester, 


acid, 2-bromo-, ethyl ester, 


ester, 


cyloentene-2--proponic acid, 1-cyano-, ethyl ester, 
A. ae acid, 5-bromo- and 8-chloro-y-hydroxy-, 
83. 


4'-cycloPentenonitrile, 959. 

1:2-cycloPentenophenanthreng, identity of, with Diels’s 
hydrocarbon, 125. 

4'-cycloPentenylmalonic acid, ethyl ester, 596. 

cycloPentylideneacetic acid-2-acetic acid, 942. 

cycloPentylidenecyanoacetic acid, ethyl ester, 2-acetate, 
941. 


cycloPentylidene-1-cyanoacetic-2-8-propionic acid, 
ethyl ester, 954. 

Periodic acid. See under Iodine. 

Periodic Law, 635. 

Perylene, and its derivatives, 536. 

Petunidin chloride, glucosides of, 1604. 
3:5-diglucoside chloride, 1607. 

4-Phenacylflavene, 1257. 

ee 
282. 

4-Phenacylideneflavene, 1257. 

Phenacylphenyldiethylammonium bromide, 281. 

Phenacylphenylpropargylpiperidinium bromide, 280. 

. ) renames brom- 

ide, 281. 


salts, 
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9-Phenalone, and its derivatives, 373. 
Phenanthridine, 9-bromo-, 106. 
Phenanthridine-9-carboxylic acid, and its sodium salt 
and ethyl ester, 108. 
Phenanthridine series, 104. 
f-2- and -3-Phenanthroylisobutyric acids, and their 
methyl esters, 432. 
y-3-Phenanthryl-a-methylbutyric acid, 432. 
Phenazhydrins, 1991. 
Phenazines, synthesis of, 1991. 
—- compound of, with hexamethylenetetramine, 
729. 
homologues of, 418. 
Phenol, p-nitro-, action of, with hexamethylene- 
tetramine, 1305. 
Phenols, condensation of, with unsaturated aldehydes 
or ketones, 1435, 1535. 
monohydric, relative strengths of, in aqueous alco- 
holic solution, 996. 
Phenols, bromoiodo-, 3:4:6-tribromo-2-iodo-, chloro- 
bromo- and chlorotribromo-, 138. 
nitro-, detection of, crystallographically, 1832. 
Phenolic anilides and ethers, halogenation of, 210. 
compounds, reactions of, with hexamethylene- 
tetramine, 1305. 
Phenoxarsine-2-carboxylic acid, 10-chloro-, 1173. 
Phenoxtellurine dibisulphate, reaction of, with platin- 
ous compounds, 1790. 
oxide, 1795. 
Phenoxtellurylium platochloride, 1794. 
y-Phenoxy-a-acetylbutyric acid, ethyl ester, 1539. 
y-Phenoxybutyric acid, a-cyano-, ethyl ester, 1539. 
B-Phenoxyethanesulpkinic acid, f-o-nitro-, ‘427. 
a-8-Phenoxyethyl-f-carbethoxymethyladip-y5-enic 
acid, a-cyano-, ethyl ester, 1540. 
5-8-Phenoxyethylcyclopentane-1:3:4-trione, 
oxalate, 1539. 
3-(8-Phenoxyethyl)pyridyl-4-acetic acid, 2:6-dihydr- 
oxy-, hydrochloride, 1540. 
2-Phenoxy-4-methylquinoline, and its 2-amino- and 
2-nitro-derivatives, and 2-3’-nitro-4’-amino-, 857. 
4-Phenoxy-2-methylquinoline, and its 4-amino- and 
4-nitro-derivatives, 859. 
p-Phenoxyphenyltriethylphosphonium iodide, 1601. 
y-Phenoxypropyiphthalimide, y-p-nitro-, 1324. 
Phenyl 3-sulphino-p-tolyl ether, 4-chloro-2-nitro-, 
and 2:4-dinitro-, 426. 
p-tolyl ether, 4-chloro-2-nitro-, 427. 
Phenylacetic acid, dissociation constant of, 166. 
ethyl ester, 4-thiocarbimide, 179. 
Phenylacetic acid, m-chloro-, and its nitrile, 679. 
p-fluoro-, 1466. 
p-nitro-, a-naphthyl ester, 514. 
Phenylacetic acids, substituted, dissociation constants 
of, 161, 1890. 
4-Phenylacetyl-4’-acetyldiphenyl, 871. 
1- and 2-Phenylacetylnaphthalenes, and their deriv- 
atives, 376. 
Phenylallyidimethylammonium picrate, 280. 
—— a-amino-f-phenylethyl ketone hydrochloride, 
<7 ‘reuse chlorides, 7-hydroxy-, 
437. 


Phenylazoacetoacetic acid, 2:4-dinitro-, ethyl ester, 
1987. - 

Phenylazoac *ylacetone, bromo-, bromonitro-, and 

nitro-derivatives of, 933. 

2:4-dinitro-, 1987. 

Phenylazobenzoylacetone, 2:4-dinitro-, 1987. 

Phenylazo-y-bromoacetoacetic acid, 2:4-dinitro-, ethyl 
ester, 1987. 

Phenylazo-yy-dibromoacetoacetic acid,  2:4:6-tri- 
bromo- and -chloro-, ethyl esters, N-acetates, 
1988. 


and its 





Index of Subjects. 


Phenylazo-y-chloroacetoacetic acid, 2:4-dinitro-, ethyl] 
ester, 1987. 

Phenylazo-y-iodoacetoacetic acids, p-bromo-, 2:4- 
dibromo-, 2:4:6-tribromo-, and nitro-, ethyl esters, 
1987. 

Phenylazotriphenylmethane, reactions of, 1966. 

ee salts, o-hydroxy-, 

4-Phenyl-1’-benzylidene-2:3-cyclopenteno(2’:3’)- 
benzopyrylium chloride, 7-hydroxy-, 1438. 

a-Phenyl-a-benzyl-n-propyl alcohol, 8-amino-, 1570. 

N-Phenyl-N’-(8£8-tribromo-a-ethoxyethyl)urea, 112. 

a-Phenylbutane, By-dibromo-a-p-amino-, acetyl] deriv- 
ative, 1983. 

Phenylbutenylnitrosoamine, 1983. 

a-Phenyl-48-butylene, a-p-amino-, and its salts, 
and derivatives, 1982. 
’-Phenyl-N’-(888-tribromo-a-hydroxyethyl)urea, and 
its diacetyl derivative, 112. 

N-Phenyl-N’-(888-tribromo-a-methoxyethyl)urea, 112. 

1 ene acids, ethyl esters, 


5-Phenyl-n-butane-af5-tricarboxylic acid, and its 
esters, 90. 
2-Phenylcarbamyl-l-thionaphthen, 3-hydroxy-, and 
its derivatives, 820. 
’-Phenylearbazole, 2’:4’-dinitro-, 1675. 
Phenylchloroacetonitrile, condensation of, 
nitroso-compounds, 722. 
N-Phenyl-N’-(888-trichloro-a-hydroxyethyl)-(8£f- 
trichloro-a-hydroxyethyl)malonamide, and its di- 
acetyl derivative, 113. 
N-Phenyl-N’-(888-trichloro-a-hydroxyethyl)ethyl- 
malonamide, and its acetyl derivative, 113 
N-Phenyl-N’-(888-trichloro-a-hydroxyethyl)oxamide, 
and its acetyl derivative, 112. 
3-Phenyl-5-chlorostyryl-45-cyclohexen-1-one-2-carb- 
oxylic acids, 3-p-hydroxy-, ethyl esters, 1742. 
9-Phenyl-1:2-dihydro-3:4-benzoxanthylium chloride, 6- 
hydroxy-, 1439. 
Phenyl-4-diphenylylmethylcarbinol, 871. 
p-a-Phenylethylacetanilide, and its salts, 321. 
a-Phenylethylaniline, and its p-toluenesulphony] 
derivative, 322. 
o-a~Phenylethylaniline, and its derivatives, 321. 
1-£-Phenylethyl-3:4-dihydronaphthalene, 373. 
3-8-Phenylethylindene, 374. 
2-8-Phenylethyl-2-methylindene, 1736. 
1-8-Phenylethylnaphthalene, and its picrate, 374. 
2-£-Phenylethylnaphthalene, 376. 
a-Phenylethyl a-naphthyl ketone, 1570. 
a- and f-Phenylethyl-a-naphthylurethanes, 844. 
2-8-Phenylethyl-4**-octalin, 375. 
B-Phenyl-a-ethylpropionamide, B-hydroxy-, 1990. 
2-8-Phenylethylpyridine, 2’:4’-dinitro-, and its deriv- 
atives, 278. 
4-8-Phenylethylpyridine, 8-4’-nitro-, 278. 
B-Phenylethylpyridines, nitration of, 276. 
a-Phenylethyl-p-toluidine, and its p-toluenesulphonyl 
derivative, 322. 
3-a-Phenylethyl-p-toluidine, and its salts, 322. 
5-a-Phenylethyl-m-4-xylidine, acetyl derivative, 322. 
Phenylglyoxal, w-amino- and w-nitro-, phenylhydr- 
azones, 67. 
w-bromo-, and w-chloro-, phenylhydrazones of, 
1863. 
w-chloro-, 2:4-dinitrophenylhydrazone, 1987. 
Phenylglyoxalphenylhydrazone-w-sulphonic acid, and 
its halog: 


with 


eno- and nitro-derivatives, 1862. 

3-Phenylcyclohexane-l-acetic acid, 92. 

3-Phenylcyclohexane-l-malonic acid, and its ethyl 
ester, 93. 

B-Phenylhexenoic acids, 599. 

Phenylhydrazine, 2:4-dinitro-, action of bases on, 1637. 
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Phenyl f-hydroethyl sulphoxide, 2-nitro-, and its 
acetyl derivative, 426. 

Phenyl-f8-hydroxyethylsulphone, 2-nitro-, 426. 

Se rene 


cis-B-Phenyl-a-1-hydroxyhydrindene-2-propionic acid, 
lactone, 1300. 


Phenyl f-hydroxystyryl ketone, absorption spectra 
and constitution of, 891. 

Phenyl 4-hydroxy-m-tolyl sulphide, 3-nitro- and 2:4- 
dinitro-, 425. 

Phenyl-4’-hydroxy-m-tolylsulphone, 4-chloro-2-nitro-, 
3-nitro, and 2:4-dinitro-, 425. 

2-Phenylimino-3:4-dimethyl-2:3-dihydrothiazole, 5- 
bromo-, 2-p-hydroxy-, and 2-p-nitro-, 1177. 

1-Phenylimino-2-methyl-1:2-dihydrobenzoxazole 
picrate, 1188. 

Phenylmagnesium bromide, action of, with chlorinated 
compounds, 713. 

Phenylmercury nitrate, nitration of, 1260. 

Phenyl 3:4-methylenedioxybenzyl ketone, 2:4-di- 
hydroxy-, 4-benzyl derivative, 1770. 

Phenyl £-m-methoxyanilinostyryl ketone, 1420. 

Phenyl 4-methoxybenzyl ketone, 2:4-dihydroxy-, 4- 
benzyl derivative, 1770. 

2-Phenyl-6-methoxyquinoline, 2-0-amino-, 
nitro-, 1521. 

2-Phenyl-6-methoxyquinoline-4-carboxylic acid, 2-m- 
nitro-, 1520. 

3-Phenyl-5-p-methoxystyryl-4°-cyclohexen-1-one-2- 
carboxylic acids, 3-chloro-, ethyl esters, 1742. 

1-Phenylmethylaminobenzoxazole picrate, 1188. 

1-Phenylmethylamino-6:7-dimethoxy-3:4-dihydroiso- 
quinoline, 1264. 

s  neeneecen perchlorates, and nitro-, 


2-Phenyl-1-methylnaphthalene, 1334. 

B-Phenyl-a-methylpropionamide, B-hydroxy-, 1990. 

a-Phenyl-a-methyl-n-propyl alcohol, 8-amino-, hydro- 
chloride, 1570. 

2-Phenyl-3-methylquinoline methiodide and metho- 
picrate, 39. 

3-Phenyl-2-methylquinoline-4-carboxylic acid, 41. 

S-Phenylmethylthiocarbamide, s-p-hydroxy-, and s-p- 
nitro-, 1177. 

2-Phenylnaphthalenes, 1332. 

Phenyl-1:4-a- and -8-naphthapyrones, 1121. 

2-Phenyl-a-naphthapyrylium perchlorate, 40. 

ee ee meee alcohol, p-amino-, 


Phenyl 4-nitrobenzyl ketone, 2:4-dihydroxy-, and 
its derivatives, 513. 

2-Phenyl-3-p-nitrophenylchromone, 7-hydroxy-, 513. 

N-Phenylphenanthridone, 107 

rans thylammonium  brom- 
ide, q 

Peesetanaiants acid, ethyl ester, 4-thiocarbimide, 


OR ae tence chloride, 7-hydroxy-, 


Phenyl styryl ketone (chalkone), pentahydroxy-, and 
its benzoyl derivative, 1069, 1508. 
3-nitro-2-hydroxy-, 43. 
Phenylthallium diazide, dicyanide, dihydroxide, and 
dithiocyanate, 408. 
dichloride, p-bromo-, 409. 
hydroxynitrate, and its nitration, 1261. 
Phenylthiocarbimide, o-nitro-, 176. 
a acid, optically active derivatives 
of, 7 : 
Phenyl-p-tolylbenzylcarbinol, 1852. 
Phenyl o-tolyl diketone, 416. 
a-Phenyl-a-p-tolylethane, B88-trichloro-, and BBB- iri- 


chloro-a-p-bromo-, -a-p-chloro-, and -a-p-iodo-, 702. 


and -o- 





2051 


a-Phenyl-a-p-tolylethylene, f-dichloro-, and BB- 
dichloro-a-p-iodo-, 703. 
Phenyltriethylphosphonium bromide, 1601. 
Phenyltrimethylammonium chloride and picrate, 1693. 
iodide, p-chloro-, 1601. 
Phlobatannins, synthesis of, 218. 
natural, absorption spectra of, 1940. 
Phloracetophenone 2:4-dinitrophenylhydrazone, 1766. 
Phloretin, benzopyrone derivatives of, 403. 
Phosphine. See Phosphorus trihydride. 
— salts, quaternary, velocity of formation 
of, 244. 
Phosphorus bases, tertiary, action of, with organo- 
halides, 1599. 
Phosphorus frihydride, oxidation of, in presence of 
molybdenum and tungsten, 264 
Phosphorous acid, action of, on alkali bromates 
and iodates, 767. 
a i processes, free radicals and atoms in, 


reactions, primary, 874, 1456. 
8-5-Phthalimidobutylamino-6-ethoxyquinoline, 1268. 
8-5-Phthalimidobutylamino-6-methoxyquinoline hydro- 

bromide, 1526. 

8-8-( 8’-Phthalimidoethoxy)ethylamino-6-methoxy- 

quinoline, 1266. 
8-8-Phthalimidoethylamino-6-ethoxyquinoline, 1265. 
p-y-Phthalimidopropoxyacetanilide, and 2-nitro-, 

1323, 1324. 
p-y-Phthalimidopropoxyaniline, and 2-nitro-, 1324. 
4-y-Phthalimidopropoxy-6-methoxyquinaldine, 1527. 
6-y-Phthalimidopropoxyquinoline, 8-amino-, and 8- 

nitro-, 1325. 

—- idopropylamino-6-n-butoxyquinoline, 


8-y-Phthalimidopropylamino-6-methoxyquinoline, 5- 
chloro-, 1527. 

2-(m-y-Phthalimidopropylaminophenyl)-6-methoxy- 
quinoline, 1520. 

8-y-Phthalimidopropylamino-6-y-phthalimidopropoxy- 
quinoline, 1325. 

4-y’-Phthalimidopropyl-y-aminopropoxy-6-methoxy- 
quinaldine hydrobromide, 1527. 

8-y-Phthalimidopropylaminoquinoline, 1265. 

2-p-y-Phthalimidopropylaminostyryl-6-methoxy- 
quinoline, and its hydrobromide, 1521. 

2-( p-y-Phthalimidopropylaminostyryl)quinoline, 
its hydrobromide, 1522. 

Phthalo-p-acetamidophenylimide, 4-nitro-, 1414. 

Phthalo-f-(8’-chloroethoxy)ethylimide, 1266. 

Phthalocyanines, and their derivatives, 1016, 1017, 
1022, 1027, 1031, 1033. 

Phthalo-f-diisobutylaminoethylimide, 106. 

Phthalo-f-diethylaminoethylimide, 106. 

Phthalo-/-menthylamic acid, 1779. 

Phthalo-/-menthylimide, 1779. 

Phthalo-p-nitrophenylimide, 1414. 

Physical properties in relation to constitution, 333. 

Physostigmine. See Eserine. 

Pimelic acid, esters, physical properties of, 338. 

Pinus longifolia, constituents of Indian turpentine 
from, 188. 

3-Piperidino-p-cymene, 2:6-dinitro-, 851. 

— oethylaminophenanthridine, and its salts, 

7. 

2-Piperidino-4-methylacetophenone, 3:5-dinitro-, 852. 

3-Piperidino-4-methylacetophenone, 2:6-dinitro-, 854. 

w-Piperidino-w-phenylpropargylacetophenone hydro- 
halides, 280. 

l-Piperitol, and its 3:5-dinitrobenzoate, 312. 

d-neoPiperitol, 312. 

Piperitols, 308. 

Piperitone, 308. 

Piperitone-imine, 313. 


and 
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Piperitonemethylimine, 313. 
Piperitylamines, and their derivatives, 311. 
Piperonylidene-6:7-dimethoxy-3-acetyl-2-methyl- 
quinoline-4-propionic acid, 1327. 
Platinum, catalytic, hydrogenation with, 1934. 
relationships between diammines and disulphines 
of palladium and, 56. 
Platinum bases :-— 
Plato-tetrammines, planar structure of, 221. 
Platinous compounds, reactions of, with phenox- 
tellurine dibisulphate, 1790. 
Platinum organic compounds, isomeric, 1012. 
Platinic chloride, thio-ethers of, 182. 
Platinum determination :— 
determination of, microchemically, 1787. 
in presence of tellurium, 1790. 
Polysaccharides, 676, 1917. 
of levan type from grass, 1560. 
Potassium hydroxide, equilibrium of, with acetone 
and water, 9. 
Potassium organic compounds :— 
Potassium phenylthallicyanide, 408. 
Potassium determination :— 
determination of, microchemically, in presence of 
iridium and platinum, 1787. 
Primetin. See Flavone, 5:6-dihydroxy-. 
cycloPropane-1:1-dicarboxylic acid, methyl ester, 
physical properties of, 340. 
n-Propane-acf-tricarboxylic acid, y-bromo-, methyl 
ester, 1467. 
n-Propionic acid, surface tension of mixtures of, with 
n-butyl alcohol, 532. 
2-Propionoacetyl-l-naphthol, 1313. 
2-Propionoacetyl-1l-naphthyl methyl ether, 1314. 
2-Propionoacetylphenol, 1312. 
w=Propiono-2:4-dimethoxyacetophenone, 1313. 
a-Propiono-2:4-dimethoxypropionphenone, 1313. 
2-(a-Propionopropionyl)-1-naphthyl methy] ether, 1315. 
Propiophenone, a-amino-, hydrochloride, amino- 
alcohols from, 1568. 
4-Propoxyaniline, 2-nitro-4-y-amino-, 1324. 
4-Propoxy-6-methoxyquinaldine, 4-y-amino-, 1527. 
6-Propoxyqiinoline, 8-amino-6-y-amino-, and _ it 
hydrochloride, 1322. 
8-nitro-6-y-amino-, 1325. 
8-Propylamino-6-y-aminopropoxyquinoline, 8-y- 
amino-, trihydrochloride, 1325. 
1-n-Propylaminobenzthiazole, 5-bromo-, hydrobrom- 
ides, 710. 
8-Propylamino-6-n-butoxyquinoline, 8-y-amino-, di- 
hydrochloride, 1265. 
8-Propylamino-6-methoxyquinoline, 5-chloro-8-y- 
amino-, dihydrochloride, 1527. 
2-m-Propylaminophenyl-6-methoxyquinoline, 2-m-y- 
amino-, 1521 
4-Propyl-y-aminopropoxy-6-methoxyquinaldine, 4-y’- 
amino-, hydrochloride, 1528. 
ne E E 
267. 





8-Propyl-y-aminopropylamino-6-methoxyquinoline, 
8-y’-amino-, 1526. 
&-Propylaminoquinoline, 8-y-amino-, dihydrochloride, 


2 —_ en 2-p-y- 
amino-, and its hydrochloride, 1521. 
2-( p-Propylaminostyryl)quinoline, 2-p-y-amino-, and 
its hydrochloride, 1522. 
6-isoPropyl-2:3-benzanthracene, 1412. 
6-isoPropyl-2:3-benzanthraquinone, 1412. 
6-isoPropyl-2:3-benz-10-anthrone, 1412. 
n-Propylbenzenes, mono- and di-nitro-, and mono- 
and di-nitroamino-, and their derivatives, 122. 
3-p-isoPropylbenzyl-2-naphthoic acid, 1412. 
1-Propylcyclohexanol, 1-a-nitro-, 607. 
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p-4-isoPropyl-4*-cyclohexen-l-one hydrosulphide, and 
its derivatives, 1147. 

n-Propylmalonic acid, methyl ester, physical proper- 
ties of, 340. 

p-isoPropylnaphthacene. See 6-isoPropyl]-2:3-benz- 
anthracene. 

Propylphenanthrenes, and their derivatives, 460. 

9-isoPropylphenanthridine, $f’-dihydroxy-, and its 
diacetyl derivative, 107. 

3-n-Propylphenol, 4-amino-, and its acetyl derivative, 
and 4-nitro-, and dinitro-, 634. 

an oxidation of, to 2-n-propylquinol, 


Ph. a formation of, from 4-n-propy]l- 
phenol, 633. 

Prototropy in cyclic systems, 197, 201, 205. 

d-Pulegone, production of d-A* %®).y-menthadiene 
from, 242. 

Purine nucleosides, constitution of, 1639. 

isospiroPyrans, formation of, from coumarins, 1571. 

Pyridine, action of acetic anhydride and, on aldose 

oximes, 147. 

velocity of reaction of, with benzyl bromides, 987. 

Pyridinium tetrabromomanganite and tri- and teira- 
chloromanganites, 700. 

3-Pyridylmethyl ketone, and its oxime, 1740. 

3-(3’-Pyridyl)-1-phenyl-5-pyrazolone, 1740. 

Pyridylpyrazoles, synthesis of, 1739. 

Pyridylpyrazoles, 3- and 4-amino-, 5-chloro-, and 
5-chloronitro-, and their derivatives, 1740. 

5-(3’-Pyridyl)pyrazole-3-carboxylic acid, and its deriv- 
atives, 1740. 

5-(3’-Pyridyl)pyrazole-3-urethane, 1741. 

3-(3’-Pyridyl)-5-pyrazolone, 1740. 

Pyrocatechol, condensation of, with acetone, 1678. 

Pyrogallol methylene ether, 1683. 

Pyrone series, 1311, 1581. 

Pyruvic acid, condensation of, with salicylaldehyde, 


450. 
Pyrylium salts, 1533, 1619, 1625. 


Q. 


Quartz, combustion of carbon dioxide on, 73. 
Quinaldine methosulphate, nitration of, 42. 
Quinine diphenate and phthalate, 350. 
Quinol, hydroxy-, and its derivatives, 1625. 
Quinoline derivatives, 1326. 
o-chlorophenoxide, dissociation of, in benzene and in 
p-dichlorobenzene, 260. 
isoQuinoline derivatives, synthesis of, 1263. 
isoQuinoline, l-amino-, ethiodide, 1l-bromo-, etho- 
bromide, 1-chloro-, and 1-iodo-, derivatives of, 1967. 
— series, anhydronium base formation in, 
419 


Quinoline-6-arsonic acid, 2- oe 435. 


Quinoline-6-stibonic acid, 2-hydroxy-, 435. 
Quinolinium tetrabromomanganite and tri- and tetra- 
chloromanganites, 700. 
ethylenetrichloroplatinite, 974. 
Quinolinoethyleneplatinous chloride, 974. 


Radicals, ay ore in, 279. 
free, from photolysis of aliphatic ketones, 1718. 
Reactions, inhibitory. effect oF substitution on, 178. 
induction periods in, 767. 
velocity of. See Velocity of reaction. 
aromatic side-chain, mechanism of, in relation to 
lar effects of substituents, 987. 
colour, of organic compounds, 174. 
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Reactions, organic, in the liquid phase, influence of 
pressure on, 386. 
Resacetophenone, 5-nitro-, dimethyl ether, 1692. 
Resinols, 650, 1859. 
Resocallistephin, and its derivatives, 1614. 
Reso-oenidin chloride, 1618. 
Reso-oenin chloride, 1614. 
Reso-oxycoccicyanin chloride, 1616. 
Resorcinol alkyl ethers, reactivity of, with diazonium 
compounds, 629. 
homologues of, 1491. 
Resorcinols, nuclear disubstitution in, 1684. 
p-Resorcylic acid, methyl ester, 1496. 
Rotation of optically active compounds, 100. 
Rotenone, dimorphism of, 1129. 
Rubrene, photo-oxidation of, 1098. 


Salicylaldehyde, condensation of, with acetylacetone, 
ethyl acetoacetate, and pyruvic acid, 450. 
Salicylidene-4-methylacetophenone, 41. 
~~ 3:5-dinitro-, and its diacetate, 330. 
hydration of, with heayy water, 1593. 
oan ex formation in solutions of, 400. 
Salt hydrates, constitution of, 1593. 
Salvia patens, anthocyanin from, 1235. 
Santene, synthesis of, and its derivatives, 1328. 
£-Santonin, and its oxime, 1343. 
|-desmotropo-B-Santonin, and itsacety] derivative, 1345. 
|-isodesmotropo-B-Santonin, 1346. 
d-8-Santonous acid, 1346. 
Schiff’s bases, effect of nitro-groups in, 1743. 
Sebacic acid, ethyl ester, physical properties of, 339. 
Selenium, hydrogenation of sterols by means of, 
1129. 


Bom <8 dioxide as an oxidising agent, 844. 

Sesquiterpenes, syntheses of, 1810. 

Shea nut fat, non- saponifiable matter of, 1583. 

Silver, catalytic, use of, in combustion of carbon 
dioxide, 1276. 

Silver periodates, 1091. 
molybdates anci tungstates, precipitation of, 1156. 
nitrate, velocity of reaction of, with benzyl bromides, 

987. 


Sodamide, action of, on 1-acyloxy-2-acetonaphthones, 
1767 

Sodium alloys with mercury, fission of aryltrimethyl- 
ammonium chlorides by, 1692. 

Sodium dioxypentathiostannates, 1076. 
—— equilibrium of, with acetone and water, 


oun 1091. 
sulphate, viscosity of aqueous solutions of, 1124. 
paratungstate, 1586. 
Sodium organic compounds :— 
Sodium benzenediazoate, reactions of, 1797. 
Solubility of salts of organic acids in acetone and 
methyl alcohol, 1340. 
Solutions, thermochemistry of, 1362, 1368, 1376. 
adsorption at surfaces of, 528, 532. 
velocity of reaction in, 1079, 1910. 
Solvents, action of, 351. 
Sorbic acid, catalytic hydrogenation of, 305. 
Sorbic acid, y-chloro-, ethyl ester, 84. 
a absorption, and constitution of keto-enols, 
883. 


of polyatomic molecules containing ethyl and 
methyl, 790. 
Stereochemistzy, 130, 1545, 1773, 1775. 
Sterols, synthesis of compounds related to, 124, 
365, 653, 1727. 
hydrogenation of, by action of selenium, 1129. 
6s 
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Sterol group, 1576. 
Stibonic acids from acridine and quinoline, 433. 
Stigmastanol. See Fucostanol. 
Stigmastanone. See Fucostanone. 
4-Stilbazole nitrate, 278. 
isoStilbene, preparation of, 1130. 
Strontium periodate, 1772. 
Strychnidone, constitution of, 590. 
Strychnine, 574, 581, 590, 592, 595, 1490. 
Styrene, addition of arylamines to, 319. 
+r epee perchlorate, dinitro-2’-hydr- 
oxy-, 42. 
2-Styrylchromone, 7-mono-, and 7:4’-di-hydroxy-, 
and their derivatives, 17 66. 
2-Styryl-3-methylbenzopyrylium perchlorate, dinitro- 
2-o-hydroxy-, 4 
Styrylpyrylium salts, 1571. 
Suberic acid, esters, physical properties of, 338. 
Substitution, inhibitory effect of, in chemical reactions, 
178. 
amphoteric, in aromatic compounds, 1966. 
Succinamic acid, and its sodium salt, dissociation 
constants of, 1104. 
Succinic acid, esters, physical properties of, 338. 
2’-Sulphinodiphenyl ethers, chloronitro-, and nitro- 
hydroxy-, 427. 
2’-Sulphino-4’:6’-ditolyl ether, 2-nitro-, 427. 
8-p-Sulphobenzeneazonaphthalene-2:3-dicarboxylic 
acid, 5-amino-, 1414. 
4-p-Sulphob esorcinol 3-propyl ethers, 631. 
2-Sulphobenzylcyclopentylid_ne-1-malonamic acid, 
ethyl ester, 92. 
Sulphony] chlorides, nitro-, reactions of, 1330. 
Sulphur, valency angle of, 128. 
atoms, mobility of groups eens 
sols, ionic exchange in coagulation 
Sulphur chlorides, properties of, 1283. 
density of, on heating or irradiation, 485. 
Disulphur decafluoride, preparation and properties 
of, 1346. 
Systems, cyclic, anionotropy and prototropy in, 
197, 201, 205. 
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Tannins, constitution of, 218, 1066, 1506, 1940. 
Tartaric acid, optical rotation of solutions of, and its 
salts, 998. 
complex formation of, with boric acid, 1002. 
complex compounds of, with arsenic and arsenious 
acids and antimonous hydroxide, 1048. 
with molybdic and tungstic acids, 1055. 
Tartaric acids, ionisation constants of, 1836. 
Tautomerism and optical activity, 93, 98, 773. 
anionotropic, 1268. 
three-carbon, influence of poles and polar linkings 
on, . 
catalysis in, 610, 614, 623. 
effect of the nitro-group in, 604. 
Tellurium, determination of, in presence of platinum, 
1790. 
Terbium compounds, preparation of, 1972. 
aT 


3-O-Tetra-acetylgalactosidoxy-5-benzoyloxy-4’- 
acetoxyflavylium chloride, 7-hydroxy-, 1613. 

5-O-Tetra-acetyl-f-glucosidoxyflavylium chloride, 7:4’- 
dihydroxy-, 811. 

w-O-Tetra-acetyl--glucosidoxy-3-methoxy-4:5- 
diacetoxyacetophenone, 1605. 

Tetra-arylmethanes, colour and dyeing properties of, 
148. 

Tetrachloro(diaminodiethylamine-d-camphor-f- 
sulphonate)platinum, and its dihydrate, 471. 
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Tetrachloro-(8f-diaminodiethylamine hydrochloride)- 
platinum hydrates, 470. 

2:7-Tetraethyldiaminoanthraquinone, 1815. 

5:6:7:8-Tetrahydro-1:2-benzanthracene, 376. 

Tetrahydro-8-caryophyllene, amino-, 1808. 

Tetrahydrochrysofiluorene, 374. 

a - enema absorption 
9 

1:2:3: ney pan neg 1992. 

Tetrahydro-f-santonins, : 

O01.18 Fetraketo-S-dimeihy-92021: 712:15:16- 
hexahydronaphthacene, 1409. 

B-5-Tetralylethyl alcohol, and its derivatives, 1736. 

3-( B-5’-Tetralylethy!)-2:4-dimethyl-7-isopropylindene, 
and its picrate, 1738. 

= Tetralylethyl)-2-methylindene, and its picrate, 


Vibe. rng (ieee, 
l-hydroxy-, 1736. 

1:2:3:4-Tetramethoxy-5-allylbenzene, 1683. 

3’:4’:5:6-Tetramethoxy-3-benzyl-2-methylindene, 1427. 

Tetramethoxychalkones, 220. 

7:8:3':4’-Tetramethoxyflavan, 4-hydroxy-, 220. 

2:7-Tetramethyldiaminoanthraquinone, synthesis and 
properties of, 1813. 

2:7-Tetramethyldiaminoanthraquinone, bromo-, 1815. 

Tetramethyldiaminoanthraquinones, 1815. 

2:7-Tetramethyldiamino-9(or 10)-anthrone, 1816. 

a - eee tere 
817. 

4:4’-Tetramethyldiaminodiphenylmethane, mono- and 
di-bromo- and mono- and di-chloro-derivatives, 
1191. 

4:4’-Tetramethyldiaminodiphenylmethane-2:2’-di- 
sulphonic acid, 1192. 

2:7-Tetramethyldiamino-10-hydroxy-10-phenylan- 
throne, synthesis and properties of, 1813. 

2:7-Tetramethyldiamino-9(10)-hydroxy-9(10)-phenyl- 
dihydroanthracene, 1817. 

2:3:5:6-Tetramethyl /-ascorbic acid, 1558. 

3:3:3’:3’-Tetramethylbis-1:1’-spirohydrindene, 4:7:4’:7’- 
tetrabromo-5:6:5':6’-tetrahydroxy-, and 5:6:5’:6’- 
tetrahydroxy-, 1679. 

Tetramethylene dibromide, reaction of, with ethyl 
sodioacetoacetate, 377. 

= y-mannolactone, rotatory dispersion of, 
8 

Tetramethyl a-methylglucopyranoside, rotatory dis- 
persion of, 1151. 

Tetramethyl a-methylmannopyranoside, rotatory dis- 
persion of, 1151. 

Tetraphenylmethane, ppp’ -triamino-p’”-hydroxy-, 


Thallium organic compounds, 405. 
Thallium, pheny! derivatives, nitration of, 1258. 
triisobutyl, triethyl, and triphenyl, 1132. 
Thianthren disulphoxides, 680. 
Thianthren, 2:6-dichloro-, and its derivatives, 683. 
Thiocarbonyl chloride, reactions of, 318. 
tetrachloride, constitution and reactions of, 822. 
eee thiocyanate, 


Thiocyanic acid, metallic salts, phase-rule equilibria of, 
1892. 


—— es salt, colour changes in light and dark- 
ness 0 
Thiostannates. "See under Tin. 
l-Threonamide, 1558. 
Tin alloys with cobalt and with manganese in mer- 
cury, 1751. 
a preparation and constitution of, 
1076. 
Tin organic compounds :— 
Tin diphenyl oxide, nitration of, 1259. 


spectrum of, 
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a p-chloro-, cryoscopy and association in, 
p-nitro-, detection of, crystallographically, 1834. 
o-Toluene-5-azo-f-naphthol, 2-bromo-, 1141. 
p-Toluenesulphon-f-aminoethylamide, 1304. 
p-Toluenesulphonbenzyl-f-hydroxyethylamide, 1304. 
p-Toluenesulphon-f-bromoethylamide, 1304. 
p-Toluenesulphon-§-chloroethylamide, 1303. 
p-Toluenesulphondi-f-hydroxyethylamide, 1304. 
p-Toluenesulphon-p-hydroxyethylamide, 1303. 
p-Tolnenesuiphonie acid, f-phthalimidoethyl ester, 


p-Toluenesulphonyldihydrodiosphenol, 240. 

2-p-Toluenesulphonyl f-methylglucoside, conversion 
of, into methyl epiglucosamine, 151. 

2-p-Toluenesulphonyl 3:4:6-trimethyl §-methylglu- 
coside, 155. 

p-Toluic acid, 2:6-dinitro-, methyl ester, 119. 

o-Toluidine, thio-. See 2:2’-Ditolyl sulphide, 5:5’- 
diamino-. 

p-Toluidine o-tolyl oxide, dissociation of, in benzene 
and in p-dichlorobenzene, 1292. 

Toluidines, nitro-, absorption spectra of, 901. 

m-Toluidine-6-sulphonic acid, 2010. 

1-p-Toluidinobenzoxazole, 1188. 

a-p-Toluidino-44-butylene, and its derivatives, 1984. 
p-Toluidinodichloromethylchlorothiol, 823 

o-Toluidino-1 -methylenesulphoxylic acid, sodium salt, 

p-Toluoyl bromide, 1409. 

—— acid, 3:6-dichloro-2-2’-hydroxy-, 

3-p-Toluoyl-2:6-dimethylnaphthalene, 1411. 

Toluoylphenylcarbinols, 414. 

m-Tolyl sulphide, 4-chloro-2-nitro-, 
derivative, 425. 

p-Tolylacetaldehyde dinitrophenylhydrazone, 118. 

w-p-Tolylamino-2-ethoxalylamino-5-methylaceto- 
phenone, 1517. 

2-p-Tolylbenzopyrylium perchlorate, nitro-, 41. 

p-Tolyltrichloromethylecarbinol, 702. 

2-(8-Tolylethyl)methylcyclohexanone-2-carboxylic 
acids, ethyl esters, 457, 458, 460. 

Tolylhydrobenzoins, 415. 

o-Tolyloxide, potassium, reaction of, with aliphatic 
esters, 992. 

2-p-Tolyloxy-4-methylquinoline, and its amino-, di- 
amino-, nitro-, and di- and tri-nitro- derivatives, 858. 

4-p-Tolyloxy-2-methylquinoline, and its 4-amino- 
and 4-nitro-derivatives, 860. 

2-p-Tolyloxyphenylarsonic acid, 1173. 

p-Tolylpiperidine, 2:5-dinitro-, 858. 

2-p-Tolylquinoline, and its derivatives, 41. 

p-Tolylthallium dichloride, 409. 

Tolyltrimethylammonium chlorides and picrates, 1694. 

3:4:5-Triacetoxyacetophenone, w-bromo-, w-chloro-, 
and w-hydroxy-, and its derivatives, 1040. 

2-0-(O-Triacetylgalloyl)phloroglucinaldehyde, 1614. 

w-O-Triacetyl-8-xylosidoxy-4-acetoxy-3:5-dimethoxy- 
acetophenone, 817. 

w-O-Triacetyl-8-xylosidoxy-3:4-diacetoxyacetophen- 
one, ‘ 

n-Tricontanoic acid, synthesis of, from stearic acid, 
and its ethyl ester, 1543, 1544. 

n-Triacontanol, and its acetate and iodide, 1545. 

2:3:6-Tribenzoyl a-methylglucoside, synthesis of, 
and its 4-toluenesulphony! derivative, and 6-iodo-, 
1177. 

Triisobutylthallium, 1135. 

Se ae chloride hydr- 
ate, ° 

Trichlorodiaminodiethylamineplatinum d-bromo- 
camphorsulphonate and d-camphor-f-sulphonate, 
471. 


and its acetyl 





Index of Subjects. 


Triethylthallium, 1134. 
a X-ray and thermal investigation of, 


5:7:4’-Trimethoxy-3-benzyl-4-methylcoumarin, 405. 

7:8:4’-Trimethoxyflavan, 4-hydroxy-, 220. 

5:6:7-Trimethoxyflavylium chlorides, mono-, di-, tri-, 
and tetra-hydroxy-, 1620. 

3’:4’:5’-Trimethoxy-a-naphthaflavone, 1769. 

3:4:5-Trimethoxyphenylthiocarbimide, 179. 

5:7:4’-Trimethoxy-2-styryl-3-benzylchromone, 404. 

3:5:4’-Trimethyldiphenyl, and 4-amino-, acetyl deriv- 
ative, and 4-nitro-, 649. 

aa acid, 2-acetyl-l-naphthyl ester, 
1769. 

3:4:6-Trimethyl gluconolactone, and its phenylhydr- 
azide, 156. 

3:4:6-Trimethyl glucose, 155. 

2:3:5-Trimethylindole, and its picrate, 1984. 

Trimethyl levan, 677. 

1:3:4-Trimethyl methylfructofuranoside, 678. 

3:4:6-Trimethyl f-methylglucoside, 155. 

ee and its p-xenylcarbamate, 
420. 

Trimethylrhenium, 1129. 

Triphenoxtellurylium etrabisulphate diamminodi- 
chloroplatosulphate, 1795. 

Triphenylbismuthine diazide, dihydroxide, and hydr- 

oxycyanide, 407. 

dinitrate, nitration of, 1261. 

Triphenylethyldimethylamine hydrochloride, 281. 

eet a-methylmannoside, 

Triphenylthallium, 1134. 

2:2’:2’-Tripyridyl platinochloride, 1500. 

2:2’:2”-Tripyridylamminoplatinous salts, 1500. 

< Ad -Tripyridyl/richloroplatinic chloride, hydrates, 


2:2" -Tripyridylehloroplatinous platinochloride, 


2:2’:2”-Tripyridylplatinous hydroxide, and its salts, 
1499, 1500. 
once tetraiodide dihydr- 
ate, . 
CN N’‘-Tris-(888-trichloro-a-hydroxyethyl)malon- 
amide, and its triacetyl derivative, 113. 
4-Tritylacetomethylanilide, 1704. 
4-Tritylmethylaniline, 1704. 
4-Tritylphenyltrimethylammonium iodide, 1703. 
Triveratrylmethane, 1425. 
Tungsten :-— 
Tungstic acid, complex compounds of, with tartaric 
acid, 1055. 
Tungstates, precipitation of, 1156. 
Turpentine, Indian, from Pinus longifolia, 188. 


U. 


Undecane, 1:11-diiodo-, 1310. 
Undecenoic acid, addition of hydrobromic acid to, 


435. 
oes coher, addition of hydrogen bromide to, 
Undecenol, addition of hydrogen bromide to, 1310. 
— acid, 11-bromo-, 11-hydroxy-, and 11-iodo-, 
Unsaturated compounds, catalytic h tion of, 
304, 1929. — 
reactions of, 319, 1981. 
conjugated, addition to, 79, 87. 
— addition of hydrogen bromide to, 
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v. 


Valency on basis of wave mechanics and band spectra, 
1180. 

Valeric acid, dichlorodihydroxy-, 83. 

Vanadium compounds, quinquevalent and quadri- 
valent, constitution of, 1842. 

o-Vanillaldoxime, acetyl derivatives, 1651. 

o-Vanillonitrile, 1652. 

Vapours, dipole moments of, 1094. 
solubility of, in gases, 207. 

Vapour pressure of complex acids, 642. 
of saturated solutions, 1 

Velocity of racemisation of protropic compounds, 98. 

Velocity of reaction in solution, 1079, 1910. 

a-Veratroyl-y-(2-bromo-4:5-dimethoxyphenyl)prop- 
ane, and its semicarbazone, 1425. 

9-Veratryl-4-veratrylidene-1:2:3:4-tetrahydroxanthyl- 
ium chloride, 6-hydroxy-, 1439. 

Villalstonine, and its salts and derivatives, 1230. 

Vinylacetic acid, effect of peroxides on addition of 
hydrogen bromide to, 2001. 

Ss methyl ketone, condensation of, with B-naphthol, 

Viscometers, Ostwald, calibration of, 1380. 

Viscosity of aqueous solutions of electrolytes, 1124. 
of solutions of strong electrolytes, 1144. 


W. 
Walden inversion with reference to isomerism of 
hydrindene derivatives, 1296. 
Water, density of, from various sources, 1207, 1948. 
activated wa na of, by charcoal, 291. 
negative catalytic action of, 73. 
heavy, reactions with, 1105. 
hydration of salts with, 1593. 


Xanthene, 1:3:6:8-tetrahydroxy-, 1650. 
Xanthosine, methylation of, 1642. 
Xanthylium bromide, tribromotetrahydroxy-, 1651. 
chloride, 2:3:6:7-tetrahydroxy-, 1628. 
o-Xenyloxamic acid, and its ethyl ester, 108. 
Xylan, constitution of, 1917. 
Xylenes, effect of pressure on m.p. of, 440. 
o-Xylenes, dichloro-, 3:6-dichloro-4:5-diamino-, -4:5- 
dibromo-, -4-nitro-, and -4:5-dinitro-, 4:5-di- 
chloro-3-bromo-, and -3:6-dibromo-, 1946. 
chloronitro-, 286. 
o-8-Xylidine, 4:6-dichloro-, 4:5:6-trichloro-, and 6- 
chloro-4-nitro-, 285. 
o-4-Xylidine, 3-chloro-, 286. 
3:6-dichloro-, and its acetyl derivative, 1947. 
Xylose, derivatives of, 824. 
8-8-Xylosidylcyanidin salts, 807. 


Y. 


Yeast, effect of heavy water on respiration and 
fermentation of, 1109. 


Zeise’s salt, 971. 

Zine alloys with cobalt and with manganese in 
mercury, 1752. 

Zine periodate, 1771. 
oxide, lattice dimensions of, 751. 
selenate, dissociation of, in water, 1010. 





FORMULA INDEX. 


Tue following index of organic compounds of known empirical formula is arranged according to Richter’s 
system (see Lexikon der Kohlenstoff-Verbindungen). 

The elements are given in the order C, H, O, N, Cl, Br, I, F, 8, P, and the remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, C, group, etc.). 

Secondly, according to the number of other elements besides carbon contained in the molecule (thus 
5 IV indicates that the molecule contains five carbon atoms and four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in the above order). 

Toestnys according to the number of atoms of each single element (except carbon) present in the 
molecule. 


Salts are placed with the compounds from which they are derived. The chlorides, bromides, iodides, 
and cyanides of quaternary ammonium bases, however, are registered as group-substances. 


C, Group. 


CO Carbon monoxide, interaction of, with alcohols, 1335; catalytic syntheses with hydrogen and, under 
pressure, 1429. 
CO, Carbon dioxide, combustion of, on quartz, 73. 
CBr, Carbon tetrabromide, parachor of, 33. 
il 


CH,O Formaldehyde, gaseous, reaction of, with chlorine, 1588. 
CH;N Methylamine, thermal oxidation of, 1957. 

CO,N, Tetranitromethane, parachor of, 33. 

CC1,S Thiocarbonyl chloride, reactions of, 318. 

CCL,8 Thiocarbonyl tetrachloride, constitution and reactions of, 822. 


1m 
CHO,N, Nitroform, parachor of, 33. 
CHNS Thivcyanic acid, metallic salts, phase-rule equilibria of, 1892; ammonium salt, colour changes in 
light and darkness of, 880. 
CHCl Trichloromethylthiol, 823. 
CO,N,Cl, Dichlorodinitromethane, preparation and cationoid reactivity of, 1671. 


1Iv 
CHONS Oxythiocyanic acid, 473. 


C, Group. 


Acetylene, surface reaction of, with iodine, 726. 
C.Cl, Tetrachloroethylene, action of, with sodium hydroxide in aqueous ethyl alcohol, 2008. 
C,Cl, Hexachloroethylene, action of, with sodium hydroxide in aqueous ethyl] alcohol, 2007. 
C,Br, Tetrabromoethylene, action of, with sodium hydroxide in aqueous ethyl alcohol, 2008. 
C,Br, Hexabromoethane, action of, with sodium hydroxide in aqueous ethyl alcohol, 2008. 


20 


C.H,0, Oxalic acid, salts, complex formation in solutions of, 400. 
C.H,0, Acetic acid, synthesis of, 1335; dissociation constant of, 1891; salts, anodic oxidation of, 1878. 
C.H,Zn Dimethylzinc, absorption spectrum of, 791. 


2m 
C,HOCI, Chloral, condensation of, with diamides, 109. 
C.HOBr, Bromal, condensation of, with diamides, 109. 
C,H,Cl,Pt Ethyleneplatinous chloride, 974. 
2 IV 


C.H,Cl,SeHg Dimethyl selenide mercurichloride, 70. 
C,H,BrSeHg Dimethyl selenide mercuribromide, 70. 
C.H,,N.Cl,Pt Amminoethylaminoplatinous chlorides, 223. 
C,.H,,.N,C1l,Pt «a-Amminoethylaminoplatinic chloride, 224. 
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C, Group. 


C;H,O Acetone, spectroscopy and photochemical decomposition of, 1456; photo-reactions of, 1503; 
photolysis of, 1719; heat of activation of reaction of, with iodine, 1744; equilibria of, with water and 
tassium and sodium hydroxide, 9; condensation of, with pyrocatechol, 1678. 
C Trimethylrhenium, 1129. 
3 


C;H,ON Acetoxime, hydrolysis of, 323. 
C;H,OT1 Dimethylthallium methoxide, 1131. 


C, Group. 


C,H,O, Dimethyl diketone, photo-reactions of, 1505. 
C,H,0, Ray acid, optical rotation of solutions of, and its salts, 998 ; complex formation of, with boric 
acid, 1002. 
Tartaric acids, ionisation constants of, 1836. 
C,H,O Methyl ethyl ketone, photochemical decomposition of, 874. 
C,H,.Zn Diethylzinc, absorption spectrum of, 791. 
C,H,.N, isoButylenediamine, preparation of, and its salts, 49. 
C,H, ,N; ee ee 1303. 
C,0,Ni Nickel carbonyl, absorption spectrum and photochemical decomposition of, 524; photochemical 
decomposition of, 1817; thermal decomposition and oxidation of, 1822. 


4m 
C,H,0.S Mvegt & geepmgtnighen, 686. 
C,H,0,8 Methylsulphonylacetone, 48. 
C,H,O,N /-Threonamide, 1558. 
C,H,NCl, £f’-Dichlorodiethylamine, salts of, 464. 
C,H,,ON, a-Aminoisobutyraldoxime, and its hydrochloride, 49. 
C,H,,Br,Au, Ethyldibromogold, 863. oe 


C,H,0.N.Cl, N-Methyl-N’-(888-trichloro-a-hydroxyethyl)urea, 111. 
C,H,0.N.Br, N-Methyl-N’-(888-tribromo-a-hydroxyethyl)urea, 112. 
C,H,O,N.Pd cis- and trans-Diglycinepalladium, 1015. 
C,H,O,N.Pt cis- and trans-Diglycineplatinum, 1014. 
Diethyl selenide mercurichloride, 71. 
isoButylenediaminoplatinous chloride, 226. 
C,H,.C1,S.Pt Bisdimethylsulphineplatinous chlorides, 183. 
C,H,.Cl.Se.Pt Dimethyl selenide platinochloride, 70. 
C,H,,N,Br.Pt Bromo(diaminodiethylamine)platinous bromide, 472. 
C,H,,N,I.Cu Iodo(diaminodiethylamine)cupric iodide, 473. 
C,H,,N,I.Pt Lodo(diaminodiethylamine)platinous iodide, 472. 
C,H,,N,C1,Pt Amminoethylaminoethylenediaminoplatinous chloride, -224. 


4V 


C,H,,0,N,CL,Pt Diamminodiglycineplatinum chloroplatinite, 1015. 
C,H,;ON,CL,Pt Trichlorodiaminodiethylamineplatinic chloride hydrate, 471. 
C,H,,ON,CI,Pt Tetrachloro(diaminodiethylamine hydrochloride)platinum hydrate, 470. 


C, Group. 


C;H,Cl 1-Chloro-2-methylbutadiene, 833. 

C;H,Cl, 1:4-Dichloro-2-methyl-4?-butene, 835. 

C;H,;N; 8’-Diaminodiethylmethylamine, salts of, 465. 

Cc e Iron pentacarbonyl, absorption spectra and photochemical decomposition of, 524. 


C;H,0,Cl 3-Chloro-y-hydroxy-4*-pentenoic acid, 83. 
C;H,0,Br 5-Bromo-y-hydroxy-4*-pentenoic acid, 83. 
C;H,OBr, dl-a-Bromo-a-methylbutyryl bromide, 1075. 
C;H,0,Cl, Dichlorodihydroxyvaleric acid, 83 

C;H,O,N f-Hydroxyglutamic acid, 1644. 

C;H,,0,Cl, 1:4-Dichloro-2:3-dihydroxy-2-methylbutane, 835. 
C;H, ene me re mg picrate of, 280. 
C;H,,.NT1 Diethylthallium cyanide, 1135. = 


MCs Cyanoaceto-88f-trichloro-a-hydroxyethylamide, 113. 


C;H,0. 

Cnn 3Mn idinium trichloromanganite, 700. 

C;H,0,CIS 1-Chloro-2-methyl-4*-butene-1:4-sulphone, 833. 

C;H,O.N.Cl, N-Ethyl-N’-(888-trichloro-a-hydroxyethyl)urea, 111. 

C;H,0.N.Br, NN-Dimethyl-N a 112. 
7 





Formula Index. 


C, Group. 


C,H, Benzene, f.p. of, in various solvents, 688. 
6 


C,H;Cl Chlorobenzene, formation of, from chloro-compounds and phenylmagnesium bromide, 703. 
C,H,O Phenol, additive compound of, with hexamethylenetetramine, 739. 
C,H,O, Pyrocatechol, condensation of, with acetone, 1678. 
C,H,N 4}'-cycloPentenonitrile, 959. 
Diacetylethylene, 1650. 
cis- and trans-4*-Dihydromuconic acids, 1939. 
Ascorbic acid, constitution of, 1722; synthetic, physiological activity of, 1155. 
B-Methylpentenoic acids, isomeric, 603. 
Methyl butyl ketone, photochemical decomposition of, 874. 
2-Methylxylose, 826. 
Glucose, additive compounds of, 1162. 
1 Hexamethylenetetramine, reactions of, with phenolic compounds, 1305; additive compound of, 
with phenol, 729. ¢m 


C,H,OT1 Phenylthallium dihydroxide, 409. 

C,H,0.N Nitrobenzene, molecular polarisation of, in various solvents, 480; nitration of, 1352. 
C,H,O,N p-Nitrophenol, action of, with hexamethylenetetramine, 1305. 
C,H;N,Tl Phenylthallium diazide, 408. 

C,.H,O,N, 2:4-Dinitrophenylhydrazine, action of bases on, 1637. 
C,H,O,Br, a§-Dibromoadipic acid, 1940. 

C,H,ON cycloPentanone cyanohydrin, 958. 

C.H,0.N 1-Nitromethylcyclopentene, 608. 

C,H,0.Cl 5-Chloro-48-hexenoic acid, 86. 

C,H,0,Cl 8-Chloro-y-hydroxy-4*-hexenoic acid, 85. 

C.H,0,Br 5-Bromo-y-hydroxy-4*-hexenoic acid, 85. 

C,.H,,0.Br, y5-Dibromo-n-hexoic acid, 1995. 

C,H,,0,;N Adipamic acid, and its sodium salt, 1103. 

C,H,,0,.N, N-Acetyl-2-aminoisobutyraldoxime, 50. 


6 IV 


C,H,OCIBr, Chlorotribromophenols, 138. 
re Tribromoiodophenols, 138. 


eH,OCIBr Chlorobromophenols, 138. 
C,H,OBrI Bromoiodophenols, 138. 
C,H,0.N.Cl, NN’-Bis-(afff-tetrachloroethyl)oxamide, 113. 
C,H,C1,BrTl p-Bromophenylthallium dichloride, 409. 
C,H,O,NT1 Phenylthallium hydroxynitrate, 1261. 
C,H,0,N.Cl, NN’-Bis-(888-trichloro-a-hydroxyethyl)oxamide, 112. 
C,H,0,CII_ y-Chloro-8-iodo-B-ethylacrylic acid, 84. 
C.H,,ONBr, Acetodi-8-bromoethylamide, 1305. 
C,H,,0,N,Cl, N-Ethyl-N’-(888-trichloro-a-methoxyethyl)urea, 111. 
N-Methyl-N’-(888-trichloro-a-ethoxyethyl)urea, 111. 
C.H,,0,.N,Br, N-Methyl-N’-(888-tribromo-a-ethoxyethyl)urea, 112. 
sH,,N,8,Cu Thiocyanato(diaminodiethylamine)cupric thiocyanate, 473. 
C,H,.N,C1,Pt Amminoethylaminoisobutylenediaminoplatinous chlorides, 224. 


6V 


C,H,,.N.C1.SPt ag en eS ae me chloride, 61. 
C,.H,,0;N,CL,Pt, Ethylenediaminodiglycineplatinum chloroplatinite hydrate, 1014. 
C,H,,.N,C1,SPt, Bisdimethylsulphine-ethylenediamineplatinous chloride, 184. 


C, Group. 


Benzoic acid, dissociation constant of, 1891; sodium salt, chlorination of, 213. 
Pyrogallol methylene ether, 1683. 
Cl ——— eryoscopy and association in, 1969. 
C,H,O isole, nitration of, 621. 
C,H,N Methylaniline, effect of pressure on mixtures of dimethylaniline and, 18. 
C.H,,0, cycloPentanol-2-acetolactone, 943. 
C,H,,0, 4%-n-Butenylmalonic acid, 1998. 
l.-trans-ay-Dimethylglutaconic acid, effect of alkalis on racemisation of, 1653. 
Methyl hydrogen A*-dihydromuconate, 1939. 
C,H,,0, Methyl-l-ascorbic acids, 1558. 
C,H,,0, J-Arabo-ascorbic acid, 64. 
d-Galacto-ascorbic acid, 65. 
d-Gluco-ascorbic acid, 64. 
C,H,,0, Anhydro-8-methylhexoside, 156. 
C,H,,0, 3:4-Dimethyl xylose, 827. 
2-Methyl B-methylxyloside, 826. 






















Formula Index. 


7 
C,H,NI o0-Iodocyanobenzene, 138. 
C,H,0,F Fluorobenzoic acids, 1466. 
C,H,ON, 1-Aminobenzoxazole, and its picrate, 1188. 
C,H,O,N, 3:5-Dinitrosaligenin, 330. 
C,H,ON 3-Pyridyl methyl ketone, 1740. 
C,H,C1,T1 -Tolylthallium dichloride, 409. 
C,H,ON, 3-Pyridyl methyl ketoxime, 1740. 
C,H,OK Potassium o-tolyloxide, reaction of, with aliphatic esters, 992. 
C,H,0,N, Nitrotoluidines, absorption spectra of, 901. 
C,H,O,N, 2-Nitro-4-methox caaiiedeeine, 1528. 
C,H,,0.N }-Sncemntinhedlbenthe, 606. 
C,H,,0;N 1-Nitro-1-methylcyclohexene ozonide, 607. 
C7H,,0,N Iminogalactoascorbic acid, 1197. 
Iminoglucoascorbic acid, 1195. 
C;H,,;0,N 1-Nitromethylcyclohexanol, 606. 


C,H,O,NBr Bromo-1l-hydroxybenzoxazole, 1189. 
C,H,0O.N.S o0-Nitrophenylthiocarbimide, 176. 
C-H,O,N,Cl 5-Chloro-3:4:6-trinitroanisole, 1434. 
C,H,0O,N,Cl 5-Chloro-2:4:6-trinitro-3-hydroxyanisole, 1435. 
C,H;ON.Br Bromo-1l-aminobenzoxazoles, 1188. 

C,H;0,N.Cl 5-Chloro-4:6-dinitro-3-hydroxyanisole, 1434. 
C,H,0,NCI 5-Chloro-2-nitro-3-hydroxyanisole, 1435. 

C,H,0;N.Cl, Cyanoaceto-88f-trichloro-a-acetoxyethylamide, 113. 
C,H,O,N.S m-Cresol-6-sulphonic acid, 2010. 

C,H,O.NS Anilino-N-methylenesulphoxylic acid, sodium salt, 1713. 
C,H,0O,NS_ m-Toluidine-6-sulphonic acid, 2010. 

C,H,;0,N.Cl, N-Ethyl-N’-(888-trichloro-a-ethoxyethyl)urea, 111. 
C,H,,0;NCl Methyl epiglucosamine hydrochloride, 154. 


7V 
C;H,ONBrS Bromo-1-thiolbenzoxazole, 1190. 
C,H,,ON,C1,Pt Amminopyridinoethylenediaminoplatinous chloride, 225. 


C, Group. 


C,H,, Xylenes, effect of pressure on m.p. of, 440. 
C,H,, cis-bicycloOctane, 946, 956. 
8 


C,H,O, Phenylacetic acid, dissociation constant of, 166. 

C,H,O, p-Anisic acid, dissociation constant of, 1891. 

C,H,O, Methyl f-resorcylate, 1496. 
2:4:5-Trihydroxyacetophenone, 1628. 

C,H,N, Aminopyridylpyrazoles, and their salts, 1740. 

C,H,Cl, Dichloro-o-xylenes, 1946. 

F190. 2-Ethylresorcinol, 1497. 
3190, trans-cycloPentane-l-carboxy-2-acetic anhydride, 960. 

C,H,,0, Dehydronorcaryophyllenic acid, 1809. 

sH,,N Dimethylaniline, effect of pressure on mixtures of methylaniline and, 18. 

C,H,,0 cis-a-bicycloOctanone, 955. 

C,H,,.0, 2-Ethyldihydroresorcinol, 1493. 

C,H,,0, cycloPentanone-2-a-propionic acid, 953. 

C,H,,0, Methyl trans-4¢-dihydromuconate, 1940. 
cis-Norcaryophyllenic acid, 1809. 
trans-cycloPentane-l-carboxy-2-acetic acid, 960. 
cycloPentane-1-carboxy-2-acetic acids, 946. 

C,H,,0, Ethyl ketohydroxysuccinate, 845. 

'sH,,0, —_ 48.n-hexenoate, 1999. 
C,H,,0, Methyl f-methylglutarate, 1762. 
'sH,,0; Dimethyl methylxylosides, 827. 
C,H,.0, 2:3-Dimethyl galactose, 1322. 
C,H,.Pb Lead tetra-ethyl, absorption spectrum of, 792. 


C,H,O,Br Bromonormeconin, 1131. 

C,H,N.Tl Phenylthallium dicyanide, 408. 

C.HLNCI m-Chlorophenylacetonitrile, 679. 

C,H,N;Cl 5-Chloro-3-(3’-pyridyl)pyrazole, 1740. 

C, . 3:6-Dichloro-4:5-dibromo-o-xylene, 1947. 
4:5-Dichloro-3:6-dibromo-o-xylene, 1947. 

C,H,ON 4-Methyl-2:3-furano(2’: 


3’)pyridine, 1542. 
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C,H,OK, 3-(3’-Pyridyl)-5-pyrazolone, 1740. 
C,H,OBr p-Toluoylbromide, 1409. 
C,H,O.N 6-Hydroxy-4-methyl-2:3-furano(2’:3’)pyridine, 1541. 
1-Keto-2-methyl-1:2-dihydrobenzoxazole, 1189. 

o-Vanillonitrile, 1652. 
C,H,0,Cl_ m-Chlorophenylacetic acid, 679. 
C,H,0.F o-Mesalenmnestie acid, 1466. 
C,H,ON, 1-Imino-2-methyl-1:2-dihydrobenzoxazole, and its picrate, 1188. 
C,H,O.N, Nitrosoacetanilide, reactions of, 1797. 

sH,0,S Acetophenone-w-sulphonic acid, and its salts, 1862. 
C,H,NCl, 4:5:6-Trichloro-o-3-xylidine, 285. 
C,H,ON, 6-Hydrazino-4-methyl-2:3-furano(2’:3’)pyridine, 1542. 
C,H,0.C1 5-Chlororesorcinol dimethyl ether, 1434. , 
C,H,NCI, 3:6-Dichloro-o-4-xylidine, 1947. 

4:6-Dichloro-o-3-xylidine, 285. 
C,H,,0,N, Dinitro-p-aminodimethylanilines, and their salts, 873. 
C,H,.N.Cl, 3:6-Dichloro-4:5-diamino-o-xylene, 1947. 
C,H,,0.C1 Ethyl y-chlorosorbate, 84. 
C,H,,0,.N 1-Nitroethyleyclohexene, 607. 
C,H,,0,.Br Ethyl 2-bromocyclopentane-l-carboxylate, 959. 
C,H,,0,Br Ethyl 5-bromohexoate, 2000. 
C,H,,0,N 1-a-Nitroethylcyclohexanol, 607. 
C,H,,;0,N §8’-Diacetoxydiethylamine, hydrochloride of, 464. 
C,H,,0,8, cycloHexylsulphonylmethylsulphonylmethane, 47. 
C.H,; 2-Nitroso-2:5-dimethylhexane, dipole moment of bimolecular form of, 29. 
C,H,,0,N 2:3-Dimethyl mannose oxime, 332. 
C,H,,.Br,Au, Diethylmonobromogold, preparation of, 860. 


8 IV 


C,H,O.NS Carboxyphenylthiocarbamides, 179. 
C,H,0,.N,Cl 5-Chloro-4-nitro-3-(3’-pyridyl)pyrazole, 1740. 
C,H,;N.S.Tl Phenylthallium dithiocyanate, 408. 
C,H,ONC] 6-Chloro-4-methy]-2:3-furano(2’:3’)pyridine, 1542. 
C,H,ONS 1-Thio-2-methyl-1:2-dihydrobenzoxazole, 1190. 
C,H,0,NCl, 3:6-Dichloro-4-nitro-o-xylene, 1947. 
C,H,0,CIS 4-Carboxytoluene-3-sulphonyl chloride, 1531. 
C,H,0,N.Cl 5-Chlorodinitroresorcinol dimethyl ethers, 1434. 
C,H,O,NCl Chloronitro-o-xylenes, 286. 
C,H,0,N.Cl, 3:6-Dichloro-4:5-dinitro-o-xylene, 1947. 
C,H,NCI,S p-Toluidinodichloromethylchlorothiol, 823. 
C,H,0.N.Cl 6-Chloro-4-nitro-o-3-xylidine, 285. 
C,H,0.N,S s-p-Nitrophenylmethylthiocarbamide, 1177. 
sH,O,NS Anthranilino-N-methylenesulphoxylic acid, sodium salt, 1714. 
4-Carboxyanilino-N-methylenesulphoxylic acid, sodium salt, 1714. 
2-Nitrophenyl-8-hydroxyethyl sulphoxide, 426. 
C,H,O;NS f-o-Nitrophenoxyethanesulphinic acid, 427. 
2-Nitrophenyl-8-hydroxyethylsulphone, 426. 
C.H,ONS 8-p- Hydroxy phenylmethylthiocarbamide, 1177. 
C,H,,0,.NS o0-Toluidino-N-methylenesulphoxylic acid, sodium salt, 1714. 
C,H,,0,N.Cl, Diacetyl-N-methyl-N’-(888-trichloro-a-hydroxyethyl)urea, 111. 
C,H,,0,N,Cl, Bis-(888-trichloro-a-N’-methylcarbamidoethy]) ether, 111. 
C,H,,0,N,Br, Bis-(888-tribromo-a-N’-methylcarbamidoethyl) ether, 112. 
C,H,,0,N,Cl, N-Ethyl-N’-(888-trichloro-a-n-propoxyethyl)urea, 111. 
sH,,N,Cl,Pt Bisisobutylenediaminoplatinous chlorides, 225. 
C,H,,N,I,Co Bis(diaminodiethylamine)cobaltic tri-iodide, 474. 
C,H,,N,C],Rh, Dichlorobis(diaminodiethylamine hydrochloride)rhodium rhodiochloride, 473. 


8V 


C,H,.N.C1,S8,.Pit (Eth ionedionstnehethgtenetintny tenia tine aie chloride, 60. 
C,H;,ON,C1,Pt Dichloro(diaminodiethylamine hydrochloride)platinum platinochloride, 472. 


C, Group. 


C,H, Indene, ultra-violet absorption spectrum of, 911. 
C,H,, Hydrindene, ultra-violet absorption spectrum of, 913. 
C,H,, Santene, synthesis of, 1328. 

90 


C,H,,0, 3-Hydroxy-4-methylacetophenone, 420. 
C.H,,0, 2:4-Dihydroxyethylbenzaldehydes, 1497. 
0H,,0, 2:6-Dimethoxy-3-ethylbenzoic acid, 1495. 
30, 2:4:5-Trihydroxy-w-methoxyacetophenone, 1627. 
C,H,,0 eee ae ge 420. 
2:3:6-Trimethylphenol, 420. 
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C,H,.0, 2-Methyl-4-ethylresorcinol, 1495. 
4-Methyl-2-ethylresorcinol, 1497. 
n-Propylquinol, 634. 
C,H,.0, cycloPentylideneacetic acid-2-acetic acid, 942. 
9H,20, trans-cycloPentane-1-carboxy-2-malonic acid, 960. 
C,H,;N Methylethylanilines, 420. 
CoO cis-5-Hydrindanone, 955. 
C,H,,0, cis-Caryophyllenic acid, 1809. 
cycloPentane- 1-carboxy-2-propionic acids, 953. 
cis-cycloPentane-1:2-diacetic acid, and its silver salt, 941. 
trans-cycloPentane-1:2-diacetic acid, 944. 
C,H,,0, y-Carboxysuberic acid, 954. 
C,H,,0 cis-5-Hydrindanol, 952. 
C,H,,0, trans-1-Methylcyclohexane-l-acetic acid, silver salt, 1252. 
Santene glycol, 1329. 
C,H,,0, 3:5-Acetone y-methylxyloside, 826. 
Trimethyl levan, 677. 
C,H,,0, 3:4:6-Trimethyl gluconolactone, 156. 
2:3-Dimethyl a-methylgalactoside, 1322. 
2:3-Dimethyl a-methylmannoside, 332. 
3:4:6-Trimethyl glucose, 156. 
C,H,,.N Hexahydrobenzyldimethylamine, picrate of, 282. 


9 i 
CoHOOM Trinitroindole-2-carboxylic acid, 1415. 
6:8-Bishydroxymercuricoumarin, 1045. 
. Trinitro-2-methylindole, 1415. 
C,H,0,N -(2:6-Dihydroxy-4-methyl-3-pyridyl)acrylolactone, 1541. 
C,H,0,Cl 2-Chloro-4-acetylbenzoic acid, 854. 
3-Chloro-4-acetylbenzoic acid, 851. 
C.H,O,N 6-Hydroxy-4-methyl-2:3-furano(2’:3’)pyridine-5-carboxylic acid, 1541. 
C,H,O,Cl Benzopyrylium perchlorate(+ H,0), 453. 
C,H,O,N, Methyl! 2:6-dinitro-p-toluate, 119. 
p-Tolyltrichloromethylcarbinol, 702. 
3-Nitro-4-methylacetophenone oxime, 120. 
6-Nitro-1-hydroxy-7-methy]-4-ethyl-1:2:3-benztriazole, 119. 
O,N, 2:6-Dinitro-p-ethyltoluene, 119. 
Dinitro-n-propylbenzenes, 123. 


C.H,,0;N, Dinitro-n-propylphenol, 634. 
CoH oN Bre 5-Bromo- — aminobenzthiazole hydropentabromide, 709. 


5-Bromo-1-ethylaminobenzthiazole hydrodibromide, 709. 
CHO 3-Amino-4-methylacetophenone, 120. 
Nitrosomesitylene, — moment of, 29. 
C,H,,0,N 2-Nitro-p-ethyltoluene, 117. 
Nitromesitylene, dipole moment of, 29. 
N <p ape 420. 
o- and m-Nitro-n ee me gy ry 122. 
C,H,,0,N £-(2-Hy ens 3-pyridyl)propionic acid, 1542. 
5-Nitro-2-methoxy-m-xylene, 1266. 
4-Nitro-3-n-propylphenol, 634. 
C,.H,,0,N, 3:5-Dinitro-2-amino-p-ethyltoluene, 121. 
Dinitroamino-n-propylbenzenes, 123. 
C.H,,0,N Nitrophloroglucinol trimethyl ether, 1434. 
C,H,,0,N, 2-Nitro-6-amino-p-ethyltoluene, 120. 
Nitroamino-n-propylbenzenes, 122. 
Nitromethylethylanilines, 420. 
C.H,,0,N, 2:6- Dinitro- 3- hydrazino-p- ethyltoluene, 119. 
C,H,,0N p-Dimethylaminobenzyl alcohol, preparation of, 730. 
2-Methoxy-m-5-xylidine, 1266. 
C,H, 0. Hydrastinine, Cannizzaro reaction of, 1465. 
CoHsONs bicycloOctanone semicarbazones, 944. 
CH,,0,Br Ethyl 2-bromocyclopentaneacetate, 943. 
CH O,N;, cycloPentanone-2-a-propionic acid semicarbazone, 954. 
0,N Ethyl a-nitro-8-ethylpentenoates, 609. 
he 1 a-nitro-8-methylhexenoates, 609. 
oni 2 2:3-Dimethyl a-methylgalactoside 4:6-dinitrate, 1322. 
1-a-Nitropropylcyclohexanol, 607. 
cycloHexylsulphonylethylthiomethane, 48. 


9 IV 


6-Nitro-4-keto-2-trichloromethyl-1:3-benzdioxin, 329. 
Bw-Dibromo-a-ketopropaldehyde 2:4:6-tribromophenylhydrazone, 1988. 
a-Bromo-(5-bromo-2:6-dihydroxy-4-methyl-3-pyridyl)acrylolactone, 1541. 
Potassium phenylthallicyanide, 408. 
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C,H,ON,Br, §8w-Tribromo-a-ketopropaldehyde p-bromophenylhydrazone, 933. 

C,H,O,NCl £-(2:6-Dihydroxy-4-methyl-3-pyridyl)acrylic acid, lactone, 1542. 

C,H,O.SHg 6-Hydroxymercurithiocoumarin, 1046. 

C,H,O,NBr 5-Bromo-6-hydroxy-4-methyl-2:3-furano(2’:3’)pyridine-5’-carboxylic acid, 1541. 
C,H,ON,Br, Pesepene eters Idehyde p-bromophenylhydrazone, 933. 


Chloral-4-nitro-o-toluidine, 1744. 
'oH,0,N,Cl, «w-Chloro-a-ketopropaldehyde chloronitrophenylhydrazones, 934. 
C,H,0;N.Cl 2-Chloro-3:5-dinitro-4-methylacetophenone, 851. 
C,H,0,N,Cl w-Chloro-a-ketopropaldehyde 2:4-dinitrophenylhydrazone, 1987. 
C,H,0,N,Cl_ w-Chloro-a-ketopropaldehyde nitrophenylhydrazones, 934. 
a-Ketopropaldehyde chloronitrophenylhydrazones, 935. 
C,H,O,N odo-a-ketopropaldehyde o-nitrophenylhydrazones, 1988. 
C,H,O,NAs 2-Hydroxyquinoline-6-arsonic acid, 435. 
C,H,O,NSb 2-Hydroxyquinoline-6-stibonic acid, 435. 
C,H,NC],Mn Quinolinium trichloromanganite, 700. 
C,H,N.Br.S Dibromoethylaminobenzthiazole, 710. 
C,H,ON.Br a-Ketopropaldehyde p-bromophenylhydrazone, 935. 
C,H,O.N,Br, N-Phenyl-N’-(888-tribromo-a-hydroxyethyl)urea, 112. 
C,H,O,N,Cl w-Amino-a-ketopropaldehyde 2-chloro-4-nitrophenylhydrazone, 935. 
C,H,O;N.Cl, ON N’-Tris-(888-trichloro-a-hydroxyethyl)malonamide, 113. 
C,H,,0,NCl -(2-Chloro-4-methyl-3-pyridyl)propionic acid, 1543. 
C,H,,0,NCl 6-Chloro-8-(2-hydroxy-4-methyl-3-pyridyl)propionic acid, 1543. 
C.H,,N.Br,S 5 Sooms-l-ctheheninchanntiiensls hoteslsiineastin, 709. 
C,H,,0;NS 2-Hydroxy-5-carbomethoxyanilino-N-methylenesulphoxylic acid, sodium salt, 1714. 
C,H,,0,NS 2-Hydroxy-5-carbomethoxyanilino-N-methylenesulphurous acid, sodium salt, 1714. 
C,H,,0,N.Cl, N N’-Bis-(888-trichloro-a-hydroxyethyl)ethylmalonamide, 113. 
130,N.Cl, N-Acetyl-N-ethyl-N’-(888-trichloro-a-acetoxyethyl)urea, 111. 
p-Chlorophenyltrimethylammonium iodide, 1601. 
p-Toluenesulphon-B-aminoethylamide, 1304. 
-Ethyl-N’-(888-trichloro-a-n-butoxyethyl)urea, 111. 
a-Amminopyridinobisethylaminoplatinous chloride, 225. 


9V 
C,H,ON.CIBr, «w-Chloro-a-ketopropaldehyde 2:4:6-tribromophenylhydrazone, 934. 
C,H,ON,Br,I w-Iodo-a-ketopropaldehyde 2:4:6-tribromophenylhydrazone, 1988. 
C,H,0,N,Cl,Br w-Chloro-8-bromo-a-ketopropaldehyde 2-chloro-4-nitrophenylhydrazone, 934. 
C,H,ON,CIBr, w-Chloro-a-ketopropaldehyde 2:4-dibromophenylhydrazone, 934. 
C,H,ON,Br,I w-Iodo-a-ketopropaldehyde 2:4-dibromophenylhydrazone, 1988. 
C,H,,0.Ni p-Toluenesulphon-f-chloroethylamide, 1303. 
C,H,,0,NBrS p-Toluenesulphon-f£-bromoethylamide, 1304. 


C,, Group. 


C,H, Naphthalene, absorption spectrum of, 916. 

C,H, Dihydronaphthalenes, absorption spectra of, 916. 

CioH,o Tetrahydronaphthalene, absorption spectrum of, 919. 

C.oH,, p-Cymene, sulphonation of, 1501. 
Octahydronaphthalenes, absorption spectra of, 923. 

C,oH,, 2-Methylene-trans-hexahydrohydrindene, 1253. 


10 0 


C,o0H,O, 3:6:7-Trihydroxy-2-methylchromone, 1628. 

C,.H..05 1:3-Benzylideneglycerols, 1234. 
2:6-Dimethoxyacetophenone, 1483. 

C.oH,,0, 3:5-Dimethoxy-p-toluic acid, 1532. 
Methyl 2-hydroxy-4-ethoxybenzoate, 1496. 

C,.H,,N a-p-Aminophenyl-48-butylene, and its salts, 1982. 

C,oH,;Cl Chloro-p-cymenes, dinitration of, 848, 852. 
10H, 3-Bromo-p-cymene, dinitration of, 848. 

C,oH,,I lodocymenes, 1698. 

C,.H,,0, Camphorquinone, preparation of, 137. 
6-Methoxy-3-ethyl-o-cresol, 1495. 

C.ioH,,0 cis- and trans-Carveols, 235. 

CioH,,0, Ethyl cyclopentanone-2-8-propionate, 954. 

CioH,.0, cis-cycloPentane-1-acetic-2-a-propionic acid, 955. 

C,oH,,0, 3:4-Diacetyl B-methylxyloside, 828. 

C,.H,;,N Piperitoneimine, 313. 

C,oH,,0 d- and /-Borneols, preparation of, 1774. 

CioH,,0;, 3:5-Acetone 2-methyl-y-methylxyloside, 826. 
oH.O0 dl-Menthol, resolution of, 1775. 
dl-neoisoMenthol, 315. 

CioH20, 3:4:6-Trimethyl B-methylglucoside, 155. 

C,oH,,N Carvomenthylamines, 230. 

C,oH;,0, Ethyl methyl-§-2-menthylethylmalonate, 1811. 
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10 


C,.H,OBr, 2:3:4-Tribromo-1l-naphthol, 1707. 
C,,H,O,N, 2:7-Dinitronaphthalene, 174. 
C.,H,Cil Chloroiodonaphthalenes, 50. 
C,.H,OBr 3-Bromo-1l-naphthol, 1707. 
C,H,OI 3-Iodo-1-naphthol, 1707. 
C,.H,0.N 1-Nitroso-8-naphthol, action of potassium cyanide on, 1484. 
C,oH,0,N Isatin-N-acetic acid, 1512. 
C,.H,0,Cl 2-Carboxybenzopyrylium perchlorate, 453. 
C,.>H,NC] 3-Chloro-1-naphthylamine, and its hydrochloride, 1706. 
C,.H,NBr 3-Bromo-l-naphthylamine, and its hydrochloride, 1706. 
5 3-Iodo-1-naphthylamine, and its hydrochloride, 1707. 
C,.H,ON 7-Methoxyquinoline, and its salts, 1421. 
C,oH,O,N Indoleacetic acids, synthesis of, 1901. 
C,oH,0, 2-Nitro-4:6-diacetylresorcinol, 1692. 
1-Iodoisoquinoline methiodide, 1908. 
a, 1741. 
p-Ethylphenyltrichloromethylcarbinol, 702. 
Ethyl] nicotinoylacetate, 1739. 
o-Vanillacetaldoxime, 1651. 
5-Nitroresacetophenone dimethyl ether, 1692. . 
Ethyl a-aminoglyoxylate 2:4-dinitrophenylhydrazone, 1987. 
2 Phenylbutenylnitrosoamine, 1983. 
Benzylpropenylsulphones, 685. 
3-Nitro-4-methylacetophenone semicarbazone, 120. 
Dinitro-p-dimethylaminoacetanilides, 873. 
Xanthosine, methylation of, 1642. 
B-Hydroxy-B-phenyl-a-methylpropionamide, 1990. 
3-Hydroxy-3-bromomethy]-2:2-dimethylcyclohexan-4-one-l1-carboxylactone, 446. 
2:6-Dinitro-3-methylamino-p-ethyltoluene, 119. 
Bp’-Dichlorodiethylaniline, 1538. 
a : OF 2-Nitro-4-n-butoxyaniline, 1265. 
C,,H,,0,8 Benzylhydroxypropylsulphones, 686. 
C,.H,,0,Pb Lead diacetylacetone, preparation of, 1757. 
C,.H,;0,N Ethyl 4'-cy y yee yruvate oxime, 609. 
oH,;0,N Ethyl a-nitro-41-cyclohexenylacetate, 609. 


“Eth 1 a-nitrocyclohexylideneacetate, 609. 


C,.H,.NC1 Tolyltrimethylammonium chlorides, 1694. 
C,.H,,0;N Aceto-ff’-diacetoxydiethylamide, 464. 
C,.H.,0,.T1 Diisobutylthallium acetate, 1136. 

10 IV 


C,,H,OCIBr, 3-Chloro-2:4-dibromo-1l-naphthol, 1707. 
C,.H,O,NC1 3-Chloro-1-nitronaphthalene, 1706. 
C,.H,O,NC] 2-Chloro-4-nitro-a-naphthol, 1705. 
C,.H,O;NCl, 6-Nitro-4-keto-2-trichloromethyl-7-methyl-1:3-benzdioxin, 329. 
C,,H,0,N,Cl 2-Chloro-4-nitro-l-naphthylamine, 1705. 
C,.H,0,N,Br 2-Bromo-4-nitro-l-naphthylamine, and its hydrobromide, 1706. 

107 1-Bromonaphthalene-6-sulphonic acid, sodium salt, 656. 
C,,H,N,C1,Pt 8-2:2’-Dipyridylplatinic chloride, 968. 
C,,H,N,Br.S 5-Bromo-2-p-bromoanilino-4-methylthiazole, 1176. 

2-op-Dibromoanilino-4-methylthiazole, 1176. 
C,.H,ONS w-Cyano-w-methylthioacetophenone, 48. 
C,,H,ON 5-Chloro-8-amino-6-methoxyquinoline, and its hydrochloride, 1527. 
C,,»H,O 3-Hydroxy-2-methylcarbamyl-1-thionaphthen, 820. 
C,.H,O.N,S 2-p-Nitroanilino-4-methylthiazole, 1177. 
C,,H,O,N.Cl, N-Phenyl-N’-(888-trichloro-a-hydroxyethyl)oxamide, 112. 
C,.H,O,N,Br a-Bromocrotonaldehyde 2:4-dinitrophenylosazone, 85. 
C,,H,O,N,Cl Ethyl a ea Ne a a 2:4-dinitrophenylhydrazones, 1987. 
C,,H,O,N,Br Ethyl a-bromoglyoxylate 2:4-dinitrophenylhydrazone, 1987. 
C,,.H,N.CIS 2-p-Chloroanilino-4-methylthiazole, 1175. 
C,,H,N,BrS 2-p-Bromoanilino-4-methylthiazole, 1176. 

5-Bromo-2-anilino-4-methylthiazole, 1177. 
C,,.H,N,IS 2-p-Iodoanilino-4-methylthiazole, 1176. 
OH Orel -p-Hydroxyanilino-4-methylthiazole, 1176. 

10H 10 3 Py een" ee ete ta Hae 113. 

10H,90,NBr 2-Bromo-4:5-dimethoxyphenylacetonitrile, 1427. 

C,H, ah Pt 2:2’-Dipyridylplatinous hydroxide, salts of, 968. 

ONC], 3:6-Dichloro-o-4-acetoxylidide, 1947. 
Dichloroaceto-o-xylidides, 284. 


C,,H,,0,N.Br, N-Phenyl-N’-(88f-tribromo-a-methoxyethyl)urea, 112. 
C,,H,,0. 3:4:5-Trimethoxyphenylthiocarbimide, 179. 
CioH,,0,N,C1 6-Chloro-4-nitroaceto-o-3-xylidide, 285. 
C,,H,,N;Cl,Pt 2:2’-Dipyridylamminoplatinous chloride, 969. 
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C,,H,,N,Cl,Pt 2:2’-Dipyridylamminotrichloroplatinic chloride, 970. 
1N,I,Pt 2:2’-Dipyridylamminoplatinous iodide, 970. 
oH ,ONC Chloroaceto-o-xylidides, 284. 
C,.H,.N.Cl,.Mn Pyridinium tetrachloromanganite, 700. 
C,,H,.N.Br,S 5-Bromo-1l-n-propylaminobenzthiazole hydrobromide, 710. 
C,.H,.N.Br,8 5-Bromo-1-n-propylaminobenzthiazole hydrodibromide, 710. 
330,CIS Benzylchloropropylsulphones, 686. 
C.,H,,0.18 Benzy1-8-iodopropylsulphone, 687. 
C,.H,,0,N.Cl, NN’-Bis-(888-trichloro-a-ethoxyethyl)oxamide, 113. 
10H,,0,C1I Ethyl B-chloro-a-iodo-4¥-dihydromuconate, 86. 
C,,H,,N,Cl,Pt 2:2’-Dipyridyldiamminoplatinous chloride, 969. 
OH N,CLPt 2:2’-Dipyridyldiamminodichloroplatinic chloride, 970. 
wN,I,Pt 2:2’-Dipyridyldiamminoplatinous iodide (+ H,0), 969. 
C.,H,,ON Cl f-Amino-a-phenyl-a-methyl-n-propyl alcohol, and its hydrochloride, 1570. 
Methoxyphenyltrimethylammonium chlorides, 1695. 
C,,.H,,0;N,Cl, Bis-(888-trichloro-a-N’-ethylcarbamidoethyl) ether, 111. 


10 V 


C,,.H,O.N,IHg 4-Nitro-l-naphthylamine mercurihydroxide, and its salts, 1706. 
C,,H,O.N,BrS 5-Bromo-2-p-nitroanilino-4-methylthiazole, 1177. 

C,,.H,N.CIBrS 5-Bromo-2-p-chloroanilino-4-methylthiazole, 1176. 
C.,H,,0,N,CII Ethyl a-chloroglyoxylate p-iodophenylhydrazone, 1987. 
C,.H,,0,N,CIS Acetone 2-chloro-5-nitrotoluene-4-sulphonhydrazone, 1332. 


C,, Group. 


C,,H,O, 2-Methoxy-1:4-naphthaquinone, 1489. 
C,,H,,O0 7-Hydroxy-l-methylnaphthalene, 1951. 
C,,H,,0, 2-Ethylchromone, 1312. 
cis-1-Hydroxyhydrindene-2-acetolactone, 1299. 
Indene-2-acetic acid, 1300. 
CrsH00s 6:7-Dihydroxy-3-methoxy-2-methylchromone, 1627. 
3:5-Dimethoxy-4-methylphthalic anhydride, 1532. 
C,,H,,N 7-Amino-l-methylnaphthalene, 1952. 
C,,H,,0, 1-Keto-7-methoxy-1:2:3:4-tetrahydronaphthalene, 1951. 
C,,H,,.0, trans-1-Hydroxyhydrindene-2-acetic acid, 1299. 
2-Propionylacetylphenol, 1312. 
C,,H,,0, 3:5-Dimethoxy-4-methylphthalide, 1532. 
isoPaeanol acetate, 1691. 
C,,H,,0, Methyl 5- methoxyiso hthalate, 421. 
1205 3:5-Dimethoxy-4.methylphthalic acid, 1532. 
uH,,N 2:3:5-Trimethylindole, and its picrate, 1984. 
C,,H,,0, 2-Hydroxy-4-ethoxy-3-ethylbenzaldehyde, 1496. 
C,,H,,0, 4-Hydroxy-2-ethoxy-3-ethylbenzoic acid, 1496. 
C,,H,,N a-p-Toluidino-48-butylene, 1984. 
3301 3-Chloromethyl-p-cymene, 1734. 
C,,H,,0, 2-Methyl-4-ethylresorcinol dimethyl sie, 1495. 
1H,,0, Ethyl cis-bicyclooctan-2-one-1- carboxylate, 945. 


C,,H,,0, 3-Hydroxy-3-methoxymethyl-2:2-dimethylcyclohexan-4-one-l-carboxylactone, 447. 


cycloPentanol-1-acetic-2-acetolactone, 942. 

C,,H,,N a-Dimethylamino-a-phenylpropane, picrate of, 281. 
Phenylisopropyldimethylamine, picrate of, 281. 

C,,H,,0, 3-Hydroxy-3-methoxymethyl-2:2- dimethylcyclohexan- 4-ol-1-carboxylactone, 447. 
Acid, from oxidation of longifolene, 193. 

C..Hu0, 3:4-Diacetyl 2- canal P-enthginyleside, 826. 

H,,N Piperitonemethylimine, 313. 

OHO, Methyl B-methyl-f-n-propylglutarate, 1763. 

Cuba N-Methyl-l-piperitylamine, 311 

C,,H,,N N-Methylmenthylamine, 313. 


C,,H;0O.N 4-Cyano-1:2-naphthaquinone, 1487. 
C,,H,O,N, 3:6-Dinitro-1-naphthoic acid, 173. 
4:5-Dinitro-l-naphthoic acid, 171. 
C,,H,ON Naphthastyril, preparation of, 137. 
gul:ON 4-Cyano-1:2- dik. ydroxynaphthalene, 1487. 
1- huleoS tpteun -4-cyanonaphthalene, 1485. 
OH Od, Nitroformo-a-na ithalides, 180. 
C,,H,O,N, Ethyl trinitroindole-2-carboxylate, 1415. 
C,,H,OBr 1-Bromo-6-methoxynaphthalene, 656. 
C,,H,OI 1-Iodo-6-methoxynaphthalene, 657. 
C,,H,0;N 1-Nitro-6-methoxynaphthalene, 656. 
C., HON 2-Carboxyindole-3-acetic acid, 1903. 
C,,H,,0;N, 8-Nitro-6- methoxyquinaldine, 1523. 
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C,,HiO.N, 2:4-Dinitrophenylazoacetylacetone, 1987. 
C,:;Hi00.N, 3:5-Dinitrosaligenin diacetate, 330. 
CuliuOh 6-Methoxy-1-naphthylamine, 656. 
C,,H,,0.N, Ethyl 5-(3’-pyridyl)pyrazole-3-carboxylate, 1741. 
C,,H,,0,N; Nitrophenylazoacetylacetones, 933. 
11Hy,0;Br 2-Bromo-4:5- ee ge ee a acid, 1427. 
C,,H,,NBr, 1-Bromoisoquinoline ethobromide, 1 
1-Iodoisoquinoline ethiodide, 1908. 
C,,H,,0 8-Amino-6-methoxyquinaldine, 1523. 
0,,Hu0.N, 5-(3’-Pyridyl)pyrazole-3-urethane, 1741. 
11H,20,N, 2-Nitro-4-acetamido-n-propylbenzene, 122. 
CBs 3-Acetamido-4-methylacetophenone, 120. 
C,,H,;0;N Corydaldine, synthesis of, 1263. 
C,,H,,0,N Nitro-6-hydroxy-7-methoxy-1:2:3:4-tetrahydronaphthalene, 1255. 
9-Nitro-6-keto-7-methoxyhexahydronaphthalene, 1255. 
C,,H,;0;N; 3:5-Dinitro-2-acetamido-p-ethyltoluene, 120. 
2:3-Dinitro-4-acetamido-n-propylbenzene, 123. 
C,,H,;N.I 1-Aminoisoquinoline ethiodide, 1908. 
C,,H,,ON, a-Benzylideneaminoisobutyraldoxime, 49. 
11H,,0;N, 2-Nitro-6-acetamido-p-ethyltoluene, 120. 
Nitromethylethylacetanilides, 420. 
C,,H,,0,8, Methylsulphonyl-p-tolylthioacetone, 48. 
His 2-Acetamido-p-ethyltoluene, 120. 
Methylethylacetanilides, 420. 
C,,H,,0.N 4-Acetamido-3-n-propylphenol, 634. 
Ethyl 1-cyanocyclopentene-2-p-propionate, 954. 
B-Hydroxy-f-phtnyl-a-ethylpropionamide, 1990. 
C,,H,,0,N m-Ethylcarbonatodimethylaniline, 652. 
a-(6- Hydroxymethylpiperonyl)ethylmethylamine, and its picrate, 1465. 
6. Nitro-2-hydroxy-4-tert.-butyltoluene, 1956. 
C,,H,,0,N, a-3:4-Dimethoxyphenylpropionhydrazide, 1263. 
C,,H,,0,8 Benzyl-8-methoxypropylsulphone, 686. 
C,,H,,0,N Ethyl cyclopentanone-2-8-propionate cyanohydrin, 954. 
C,,H.,0,8, a-cycloHexylsulphonyl-a-ethylthioacetone, 48. 
C,,H,,0.N d-Dihydrocarvylamine formate, 232. 
C,,H,,0,.Br 11-Bromoundecoic acid, 1308. 
C,,H.,0,.I 11-Iodoundecoic acid, 1309. 
11 IV 


C,,H;O,N.Br 8-Bromo-3:6-dinitro-l-naphthoic acid, 173. 
8-Bromo-4:5-dinitro-l-naphthoic acid, 170. 

C,,H,O,NCIl, 6-Nitro-2-trichloromethyl-4-dichloromethylene-7-methyl-1:3-benzdioxin, 329. 
u1H,0,NBr 8-Bromonitro-l-naphthoic acids, 170, 173. 

C,,H,0.N.Br, 2:4- Dibromophenylazo-yyy’-tribromoacetylacetone, 934. 
2:4:6-Tribromophenylazo-yy ‘-dibromoacetylacetone, 934. 

C,,H,0,N,Br, 4:6- Dibromo- 2-nitrophenylazo-yy’-dibromoacetylacetone, 934. 
o-Nitrophenylazo-yyy’y’- -tetrabromoacetylacetone, 934. 

C,,H,O.N,.Br, 2:4-Dibromophenylazo-y,y’-dibromoacetylacetone, 933. 
1H,0,N,Br, 4-Bromo-2-nitrophenylazo-yy’-dibromoacetylacetone, 934. 

C,,H,O.N,Br, 2:4:6-Tribromophenylazoacetylacetone, 933. 

C,,H,0O,N,Br, 4:6-Dibromo-2-nitrophenylazoacetylacetone, 933. 
Nitrophenylazo-yy’-dibromoacetylacetones, 934. 

C,,H,,0.N.Br, 2:4-Dibromophenylazoacetylacetone, 933. 

C,,H,,0,N,Br 4-Bromo-2-nitrophenylazoacetylacetone, 933. 

C,,H,,0.NS 4-Carbopropoxyphenylthiocarbimide, 179. 
Ethyl phenylacetate-4-thiocarbimide, 179. 
3-Hydroxy-2-ethylcarbamyl]-1-thionaphthen, 821. 

C,,H,,0.N.Br p-Bromophenylazoacetylacetone, 933. 

C,,H,,NC1,Pt Quinolinoethyleneplatinous chloride, 974. 

C,,H,,N.BrS 5-Bromo-2-phenylimino-3:4-dimethyl-2:3-dihydrothiazole, 1177. 

C,,H,,ON.S 2-p-Hydroxyphenylimino-3:4-dimethyl-2:3-dihydrothiazole, 1177. 

O;NBr 2-Bromo-4:5-dimethoxyphenylpyruvic acid lactone, 1427. 


11*412 

11H,,NC1,Pt Quinolinium ethylenetrichloroplatinite, 974. 

CutisONBr, Benzodi-£-bromoethylamide, hydrohalides of, 1305. 
C,,H,,0,.N.Br, N-Phenyl-N’-(888-tribromo-a-ethoxyethyl)urea, 112. 

C,,H,,N.Br.S 5-Bromo-1l-butylaminobenzthiazole hydrobromides, 710. 

C,,H,,.N.Br,S 5-Bromo-1l-butylaminobenzthiazole hydrodibromides, 710. 

C,,H,,0,N,Cl 6-Nitro-2-amino-4-tert.-butyltoluene hydrochloride, 1955. 


C,,H,,0,NS p-Toluenesulphondi-f-hydroxyethylamide, 1304. 


C,, Group. 


CHM 7-Cyano-1- metainaeieen, 1952. 
C,.H,,0, 7-Hydroxy-8-acetyl-2-methylchromone, 73. 
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C,,H,,0, 5:7-Dihydroxy-3-acetyl-2-methylchromone, 1767. 
C,.H,,0 7-Methoxy-1-metnylnaphthalene, 1951. 
C,,H,,0, cis-a-Hydrindene-2-propionolactone, 1302. 
C,.H,,0, 6-Methoxy-3:4-dimethylcoumarin, 1571. 
7-Methoxy-2-ethylchromone, 1313. 
C,,H,,0, trans-1-Hydroxyhydrindene-2-malonic acid, 1299. 
C,.H,,0, 3:5-Dimethoxy-4-methylphthalide-a-carboxylic acid, 1532. 
C,,H,.N. Se 1992. 
C,,H,,N 3:7-Dimethyl-8-naphthylamine, 1411. 
C,,H,;N, 88’-Dicyanodiethylaniline, 1538. 
C,.H,,0 2-Benzylcyclopentanone, 92. 
C,.H,,O; trans-a-1-Hydroxyhydrindene-2-propionic acid, 1302. 
C,,H,,0, 2:4-Diacetylresorcinol dimethyl ether, 1691. 
ill apiole, synthesis of, 1681. 
5-Methoxy-2-propionoacetylphenol, 1313. 
C,,H,;N, 8-y-Aminopropylaminoquinoline, 1265. 
C,.H,,Cl §-5-Tetralylethyl chloride, 1736. 
C,,.H,,Br 2-Bromo-1-benzylcyclopentane, 92. 
C,,H,,O 2-Benzylcyclopentanol, 92. 
B-5-Tetralylethyl alcohol, 1736. 
C,,H,,0, 6:7-Dimethoxy-1:2:3:4-tetrahydronaphthalene, 1254. 
C,,.H,,0, Methyl 2:4-diethoxybenzoate, 1496. 
Methyl 2-hydroxy-4-ethoxy-3-ethylbenzoate, 1496. 
C,,H,,0, Ethyl 4'-cyclopentenylmalonate, 596. 
C,.H,,0, Triacetyl 2-methyl xylose, 826. 
C,,.H..0, d- and /-Bornoxyacetic acids, 1775. 
C,,H..0, Ethyl trans-cyclopentane-1-carboxylate-2-acetate, 960. 
Methyl 3-methylcyclopentane-1:1-diacetate, 1763. 
C,,H,.0, Menthan-2-ol-2-acetic acid, 1811. 
Methyl f-ethyl-8-n-propylglutarate, 1763. 
2H,,0,, Cellobiose, additive compound of, with potassium hydroxide, 1164. 
4-a-Glucosido-8-mannose, 303. 
C,,H,,Br 2-8-Bromoethylmenthane, 1811. 
C,.H,,0 2-8-Hydroxymethylmenthane, 1811. 
C,,H,;Tl Triisobutylthallium, 1136. 
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C,.H,O;,N 5-Nitronaphthalene-2:3-dicarboxylic anhydride, 1413. 
5-Nitronaphthalene-2:3-dicarboxylimide, 1413. 
Dinitronaphthalene-2:3-dicarboxylic acid, 1413. 
2:6-Dichlorothianthren, 683. 
5-Nitronaphthalene-2:3-dicarboxylic acid, 1413. 
Phenoxtellurine oxide, 1795. 

C,,.H,0,N, 4’:5-Dinitro-2-hydroxydiphenyl] ether, 706. 

Methyl 3:6-dinitro-1-naphthoate, 173. 

0,,H.ClBr, Di-p-bromophenylthallium chloride, 409. 

C,,H,ON Methylnaphthoxazoles, 963. 

C,,H,O,Br 5-Bromo-6-methoxy-2-naphthoic acid, 866. 

C,,H,O,N 5-Aminonaphthalene-2:3-dicarboxylic acid, 1413. 

4’-Nitro-2-hydroxydiphenyl ether, 706. 
C,.H,O,N, Furfurylidene-2:5-dinitro-p-toluidine, 1744. 
C,,H,O,Br Diacetylbromonormeconine, 1131. 


C,,H,,0,N, Furfurylidene-4-nitro-o-toluidine, 1744. 
2’-Nitro-2-aminodipheny] ether, 719. 

C,.H,,0,N, 5:8-Diaminonaphthalene-2:3-dicarboxylic acid, 1414. 

C,.H,,0,N, En ae 1987. 


C,,H,oN,Cl, 4:4’-Dichloro-3:3’-diaminodiphenyl, and its hydrochloride, 1432. 
2H,.N;Bi Diphenylazidobismuthine, 408. 
C,.H,,0,N 2-Amino-2’-hydroxydiphenyl] ether, 718. 
C,.H,,0,N 2-Carboxy-1-methylindole-3-acetic acid, 1903. 
3-Carboxy-1-methylindole-2-acetic acid, 1904. 
Ethyl isatin-N-acetate, 1512. 
C,,H,,0,Cl, 3:5-Dimethoxy-4-methyl-a-trichloromethylphthalide, 1532. 
12H,,0,Cl 3-Acetyl-2-methylbenzopyrylium perchlorate, 452. 
C,,H,,0,N Methyl 4-nitrohemimellitate, 371. 
C,,H,,0,N, 8-Acetamido-6-methoxyquinoline, 1527. 
C,.H,,0,N, 8-Nitro-6-methoxy-5:7-dimethylquinoline, 1266. 
C,,H,,0,N, Ethyl 2:4-dinitrophenylazoacetoacetate, 1987. 
C,.H,,ON 6-Methoxy-5:7-dimethylquinoline, 1266. 
7-Methoxy-2:4-dimethylquinoline, and its salts, 1422. 
C,,H,,0,N 8-Nitro-6-y-aminopropoxyquinoline, 1325. 
C,,.H,,0,N Ethyl f-nicotinoylpropaldehyde-f-carboxylate, 1740. 
C,.H,,0,N 0-Vanilldiacetaldoxime, 1652. 
C,,H,,0,N 5-Nitro-3:4-dicarboxy-tert.-butylbenzene, 1957. 
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C,,H,;NI, 1-Iodoisoquinoline n-propiodide, 1908. 
C,2H,0.N, 6-Nitro-2-cyano-4-tert.-butyltoluene, 1956. 
C,,H,,O.N, 2:6-Dinitro-p-dimethylaminodiacetanilide, 874. 
C,:H,,N,Cl, Ethylenedipyridinium dichloride, 393. 
od N a-p-Acetamidophenyl-4-butylene, 1983. 
a-Acetanilido-4*-butylene, 1983. 
C,,H,,ON, 8-Amino-6-y-aminopropoxyquinoline, and its hydrochloride, 1326. 
C,.H,,0,N Methyl £-m-methoxyanilino-a-propenyl ketone, 1422. 
C,,H,;0,N 6-Nitro-2-carboxy-4-tert.-butyltoluene, 1956. 
5-Nitro-6:7-dimethoxy- 1:2:3:4-tetrahydronaphthalene, 1255. 
C,,H,,0,N, 2:5-Dinitro-4-tolylpiperidine, 858. 
C,.H,,0,Br §-2-Bromo-4:5-dimethoxyphenyl-a-methylpropionic acid, 1427. 
C,,.H,,0,N §-2-Amino-4:5-dimethoxybenzoylpropionic acid, 1326. 
C,,.H,.0.N, 3-Acetamido-4-methylacetophenone semicarbazone, 120. 
C,,H,,0,N; Hexamethylenetetraminedi-p-nitrophenol, 1307. 
C,,H,,0,Cl /-Bornoxyacetyl chloride, 1775. 
C,,H..0;8, Camphorsulphonylmethylsulphonylmethane, 47. 
C, P Phenyltriethylphosphonium bromide, 1601. 
C,,H,,ON Acetyl-d-piperitylamine, 311. 
C,,H.IT] Dicyclohexylthallium iodide, 410. 
C,,.H,,ON Acetylearvomenthylamines, 230. 
C,,H.;0.N /-Menthylglycine, 1778. 
C,,Hs NI, Tris(diaminodiethylamine)dicupric tetraiodide (+ 2H,0), 473. 


12 IV 
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2H,OC1 Dichlorothianthren oxide, 683. 
C,.H,0.Cl Dichlorothianthren dioxides, 683. 
Dichlorothianthrensulphone, 684. 
C,,H,O,NBr 6-Bromo-2-nitrodiphenylene oxide, 719. 
CisH0.Ch8s Dichlorothianthrendisulphone, 684. 
C,,H,O,NC], 4:5-Dichloro-4’-nitro-2-hydroxydiphenyl ether, 707. 
C, , 4:5-Dibromo-4’-nitro-2-hydroxydiphenyl] ether, 708. 
CoH O.R Br Methyl 8-bromodinitro-1-naphthoates, 171, 173. 
C,,.H,O,NC1 Chloronitro-2-hydroxydiphenyl ethers, 707. 


C,.H,O,NBr 5-Bromo-4’-nitro-4-hydroxydiphenyl ether, 707. 
Methyl 8-bromonitro-1-naphthoates, 170, 173. 
2H,O,N.Hg Di-m-nitrophenylmercury, 410. 
2-Chloro-4-nitroaceto-a-naphthalide, 1705. 
C,,H,O tonne th ae to Ee sulphide, 427. 


C,,H,O,NS 2-Nitrodihydroxydiphenylsulphones, 425. 
Nitrohydroxy-2’-sulphinodipheny] ethers, 427. 

C,,H,,ONC] 3-Chloroaceto-a-naphthalide, 1706. 

C,,.H,,ONBr 3-Bromoaceto-a-naphthalide, 1706. 
6-Bromo-1-ketotetrahydrocarbazole, 273. 

C,,H,,ONI 3-Iodoaceto-a-naphthalide, 1707. 

C,,H,,0,8Te Phenoxtellurine dibisulphate, reaction of, with platinous compounds, 1790. 

C,.H,,0.NS Ethyl cinnamate-4-thiocarbimide, 179. 

C,.H,,0,N,Cl 5-Chloro-8-acetamido-6-methoxyquinoline, 1527. 

C,.H,,0,N.Cl, N-Phenyl-N’-(888-trichloro-a-acetoxyethyl)oxamide, 112. 

C,.H,,0,N,Br Ethyl a ae 2:4-dinitrophenylhydrazone, 86. 

C,.H,,0,N,Cl Ethyl 2:4-dinitrophenylazo-y-chloroacetoacetate, 1987. 

C,.H,,0,N,Br Ethyl 2:4-dinitrophenylazo-y-bromoacetoacetate, 1987. 

C,.H,,0,NC] Phthalo-f-(p’ -chiesestheny\ethylimide, 1266. 
yyy-Trichloro-B-acetoxybutyranilide, 113. 

C,,H,,0,NI Phthalo-f-(f’-iodoethoxy)ethylimide, 1266. 

Gen Ethyl nitrophenylazo-y-iodoacetoacetates, 1987. 

C,,H,;0. cycloHexane-1:2-dione bromophenylhydrazones, 273. 

C,,H,;0. 4-Carbobutoxyphenylthiocarbimide, 179. 

oe ge lpropionate-4-thiocarbimide, 179. 

C,,H,,0: 7-Hydroxy-2:4-dimethylquinoline methiodide, 1422. 

C,.H,,ON 2-p-Ethoxyanilino-4-methylthiazole, 1176. 

C,.H,,ONBr, By-Dibromo-a-p-acetamidophenylbutane, 1983. 
12H,,0;N,Cl, Diacetylbis-888-trichloro-a-N’-methylcarbamidoethyl]) ether, 111. 

C,,.H,.N.Br,S 5-Bromo-l-isoamylaminobenzthiazole hydrodibromide, 710. 

C,,H,.N,Cl,Pt 2:2’-Dipyridylethylenediaminoplatinous chloride, 970. 

C,,H,.N,CL,Pt 2:2’-Dipyridylethylenediaminodichloroplatinic chloride, 970. 

C,,H,,.N,.Br,Pt 2:2’-Dipyridylethylenediaminoplatinous bromide, 970. 
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C,,H,OCL,TePt Phenoxtellurylium platochloride, 1794. 
C,,H,O,NCIS 5’-Chloro-2-nitro-2’-hydroxydiphenyl] sulphide, 426. 
C,,H,O,NCIS 5’-Chloro-2-nitro-2’-hydroxydiphenylsulphone, 426. 
4’-Chloro-2-nitro-2’-sulphinodiphenyl ether, 427. 
C,,H,,0,N,Br,I Ethyl 2:4:6-tribromophenylazo-y-iodoacetoacetate, 1987. 
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C,.H,,0,N,Br,I Ethyl 2:4-dibromophenylazo-y-iodoacetoacetate, 1987. 
C,.H,,0,N.BrI Ethyl p-bromophenylazo-y-iodoacetoacetate, 1987. 
C,.H,,0N,.BrS 5-Bromo-2-p-ethoxyanilino-4-methylthiazole, 1176. 


C,, Group. 


C,,;H,, Diphenylmethane, parachor of, 33. 

C,;H.. 1-Methyldehydrolongifane, 195. ~_— 

C,;H,,0 Benzophenone, photo-reactions of, 1503. 
7:8-Dihydro-9-phenalone, 373. 

ag 1650. 
1-Methylphenazine, 1993. 
3:7-Dimethy]-8-naphthonitrile, 1411. 
3:7-Dimethyl-B-naphthoic acid, 1411. 

C,;H,,.0, B sige, acid, 1488. 
7-Methoxy-8-acetyl-2-methylchromone, 1684. 

-Phenoxyethyleyclopentane-1:3:4-trione, 1539. 

C,,;H,,0, Triacetoxybenzaldehyde, 1627. 

C,,H,,0, 8-6-Methoxy-l-naphthylethyl alcohol, 657. 

C,,H,,0, 7-Hydroxy-3-methyl-2- propylchromone, 1583. 
7-Methoxy-3-methyl-4-ethylcoumarin, 1583. 
7-Methoxy-2-propylchromone, 1313. 

C,;H,,0, 5-Phenyl-n-butanetricarboxylic acids, 91. 

C,,H,,0, w-Hydroxy-3-methoxy-4:5-diacetoxyacetophenone, 1605. 

13H,,N, 1-Methyl-1:2:3:4-tetrahydrophenazine, 1993. 

C,;H,,0 7-Methyl-4-isopropyl-l-hydrindone, 1735. 

C,,H,,0, «-Benzyladipic acid, 92. 
w-Propiono-2:4-dimethoxyacetophenone, 1313. 

C,,H,,0, 2-Benzoyl methylxyloside, 827. 

C,;H,,0, 8-3-(p-Cymyl)propionic acid, 1735. 

C,,;H,,0, Methyl B-(3:4- dimethoxypheny))- -a-methylpropionate, 1427. 
Tetramethoxy-5-allylbenzene, 1683. 

OHO Ethyl! cyclopentene-1-carboxylate-2-propionate, 954. 

Ethyl cyclopentanone-2-carboxylate-2-8-propionate, 953. 
vet cyclopentanone-2-carboxylate-5-propionate, 954. 

C,,;H,.0, Diethyl cis-cyclopentane-1-carboxylate-2-propionate, 953. 
Methyl methylcyclohexane-1:1-diacetates, 1763. 

C,,H,,N 1-Amino-1-methyl-longifane, and its salts, 194. 

oO Mathyl die-peon 1812. 

C,,;H.,0, Methyl di-n-propylglutarate, 1763. 
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C,;H,O,Br, Tribromotetrahydroxyxanthylium bromide, 1651. 
s0,N, 4:4’-Dinitro-3-carboxydiphenyl ether, 55. 
C,.H.O oN. Tetranitro-2-methoxydiphenyl ethers, 869. 
9-Bromophenanthridine, 106. 
Carbazole-3-carboxylic acid, 1143. 
2’-Nitrodiphenyl-2-carboxylic acid, 838. 
Nitrocarboxydipheny] ethers, 54. 
1:3-Dinitro-8-methylphenoxazine, 729. 
Setechgdeenyunntiigtbum chloride, 1628. 
2-Carboxyphenoxarsinic acid, 1173. 
Trinitro-2-methoxydiphenyl] ethers, 869. 
1-Anilinobenzoxazole, and its picrate, 1188. 
1-Acetamido-2-hydroxy-4-cyanonaphthalene, 1488. 
Dinitromethyldiphenyl] ethers, 54. 
C,;H,,.0,N, Dinitro-2-methoxydiphenyl ethers, 706, 868. 
Ethyl 3:6-dinitro-l-naphthoate, 173. 
Ethyl 4:5-dinitronaphthoate, 171. 
C,;H,,0.Hg, 6:8-Bisacetoxymercuricoumarin, 1046. 
C,;H,,0,N, 2’:4’:6’-Trinitro-2-amino-4-methyldiphenyl ether, 729. 
2’:4’:6’-Trinitro-2-hydroxy-5-methyldiphenylamine, 729. 
C,;H,,.NT1 Diphenylthallium cyanide, 408. 
C,,H,,0N 7:8-Dihydro-9-phenalone oxime, 373. 
C,;H,,0C1 3:7-Dimethyl-8-naphthoyl] chloride, 1411. 
C,;H,,OBr 8-Methyl-2-naphthyl bromomethyl] ketone, 1952. 
2-Naphthyl B-bromoethyl] ketone, 459. 
C,;H,,0,N 4-Cyano-1:2-dimethoxynaphthalene, 1487. 
C,,H,,0,.Br Ethyl 8-bromo-l-naphthoate, 170. 
: Hs ,0,N 3’-Nitro-3-methyldiphenyl ether, 55. 
Cislt +H,0.Br Methyl 5-bromo-6-methoxy-2- naphthoate, 866. 
H,,0,;As 2-Methylphenoxarsinic acid, 1173. 
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C,;H,,0,N 2-Nitro-2’-methoxydipheny] ether, 718. 
2’-Nitro-2-methoxydiphenyl ether, 868. 
3’-Nitro-2-methoxydiphenyl ether, 706. 

C,;H,,0,N; 2-8-2’:4’-Dinitrophenylethylpyridine, and its nitrate, 278. 
4-Nitrobenzeneazoresorcinol 3-methyl ethers, 631. 

C,,;H,,0;N; 2’:4’-Dinitro-2-amino-4-methyldiphenyl ether, 728. 
Dinitroaminomethyldipheny] ethers, 54. 
2’:4’-Dinitro-2-hydroxy-5-methyldiphenylamine, and its salts, 728. 

C,,H,,0;,N, 3’:5-Dinitro-4’-amino-2-methoxydipheny] ether, 706. 

139H,;20,N, 4-Benzeneazoresorcinol 3-methyl ether, 630. 
6-Nitro-2’-amino-2-methyldiphenyl, 837. 
4-B-4’-N qe ee 278. 

C,,;H,,0,N, Nitroaminomethyldipheny] ethers, 53. 
Nitro-1-ketomethyltetrahydrocarbazoles, 274. 
4-Stilbazole nitrate, 278. 

C,,;H,,.0,N, 4-Nitro-l-acetamido-2-methoxynaphthalene, 1488. 
3’-Nitro-4’-amino-2-methoxydipheny] ether, 706. 

C,,H,,0ON 4’-Amino-3-methyldipheny! ether, 54. 
1-Ketomethyltetrahydrocarbazoles, 274. 

C,;H,,0C1 8-6-Methoxy-1l-naphthylethy] chloride, 657. 

13Hi3 4’-Amino-2-methoxydiphenyl] ether, 706. 

C,;H,;0,As 2-p-Tolyloxyphenylarsonic acid, 1173. 

C,,;H,,0,N, 1-Acetamido-4-amino-2-methoxynaphthalene, 1488. 

136,,0,;N, 8-Nitro-6-n-butoxyquinoline, 1265. 
8-Nitro-6-methoxytetrahydrocarbazole, 1528. 

C,;H,;0.N Ethyl 1-methylindole-3-acetate, 1904. 

C,;H,,0,N Ethyl a-cyano-y-phenoxybutyrate, 1539. 

C,;H,;0,N, cycloHexane-1:2-dione nitrotolylhydrazones, 274. 

136,,ON, 8-Amino-6-n-butoxyquinoline, 1265. 
8-Amino-6-methoxytetrahydrocarbazole, 1529. 
cycloHexane-1:2-dione o-tolylhydrazone, 274. 

C,,H,.NCl 2-Naphthyltrimethylammonium chloride, 1696. 

C,;H,,ON w-Dimethylamino-w-allylacetophenone, picrate of, 280. 

C,;H,,ON, 2-Benzylcyclopentanone semicarbazone, 92. 

C,,;H,,0,Br Methyl £-2-bromo-4:5-dimethoxyphenyl-a-methylpropionate, 1427. 


13H,,0N, dl-Noresermethole, and its picrate, 1417. 


C,,;H,,0;,N. 6-Nitro-2-acetamido-4-tert.-butyltoluene, 1956. 
C,;H,,0.N Phenacylallyldimethylammonium hydroxide, picrate of, 280. 


13 IV 


C,,H,0,ClAs 10-Chlorophenoxarsine-2-carboxylic acid, 1173. 
C,;H,O,NC], Trichloro-2’-nitro-2-methoxydipheny] ether, 868. 
C,,H,O;NBr Bromonitrocarboxydiphenyl ethers, 54. 
C,;H,O,N.Cl, 4:5-Dichloro-2’:4’-dinitro-2-methoxydiphenyl ether, 868. 
C,;H,O,N.Br, 4:5-Dibromo-2’:4’-dinitro-2-methoxydiphenyl ether, 869. 
C,;H,O,CIS 3-Chloro-8-methoxyphenothioxin 10-dioxide, 427. 
C,;H,O,NC], 4:5-Dichloro-2’-nitro-2-methoxydipheny] ether, 868. 
Dichloronitro-2-methoxydiphenyl ethers, 707. 
C,;H,O,NBr, 4:5-Dibromo-2’-nitro-2-methoxydiphenyl ether, 868. 
Dibromonitro-2-methoxydipheny] ethers, 708. 
C,;H,O,N.Cl Chlorodinitro-2-methoxydiphenyl ethers, 868. 
C,,.H,O,N.Br Bromodinitro-2-methoxydiphenyl ethers, 868. 
Ethyl 8-bromo-3:6-dinitro-1-naphthoate, 173. 
Ethyl 8-bromo-4:5-dinitro-1-naphthoate, 171. 
€,;H,,0,NC1 Chloronitromethyldiphenyl ethers, 53. 
4-Chloro-2-nitrophenyl p-tolyl ether, 427. 
C,;H,,0;NBr Bromonitromethyldipheny] ethers, 53. 
€,;H,,O,NCl 5-Chloro-3’-nitro-2-methoxydiphenyl ether, 707. 
Chloronitro-2-methoxydipheny] ethers, 707, 868. 
C,;H,,.0,NBr Bromonitro-2-methoxydiphenyl ether, 707. 
Bromonitro-2-methoxydiphenyl ethers, 868. 
Ethyl 8-bromo-3-nitro-l-naphthoate, 173. 
Ethyl 8-bromo-5-nitro-1-naphthoate, 170. 
C,;H,.0O,NAs Acridone-3-arsonic acid, 434. 
13ELy9 Acridone-3-stibonic acid, 434. 
C,;H,,0,N,Cl, 4:5-Dichloro-3’-nitro-4’-amino-2-methoxydiphenyl ether, 707. 
C,;H,0, 4:5-Dibromo-3’-nitro-4-amino-2-methoxydiphenyl] ether, 708. 
C,;H,,0;N.S 2:4-Dinitrophenyl 4-hydroxy-n-tolyl sulphide, 425. 
C,,;H,,0,N,S 2:4-Dinitrophenyl-4’-hydroxy-m-tolylsulphone, 425. 
2:4-Dinitrophenyl-3-sulphino-p-tolyl ether, 427. 
C,;H,,0,NCl, 4:5-Dichloro-4’-amino-2-methoxydipheny] ether, 707. 
C,;H,,0,.NBr, 4:5-Dibromo-4’-amino-2-methoxydiphenyl ether, 708. 
C,;H,,0,N.Cl 4-p-Chlorobenzeneazoresorcinol 3-methyl ether, 631. 
C,;H,,0,N.Br nti ether, 708. 
6T 
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C,,;H,,0,NS 3-Nitrophenyl 4-hydroxy-m-tolyl sulphide, 425. 
C,;H,,0,N.Cl Chloronitroaminomethyldiphenyl ethers, 53. 
C,,;H,,0,N.Br Bromonitroaminomethyldipheny] ethers, 53. 
C,;H,,0,NS 2-Nitro-2’-hydroxy-5’-methoxydiphenyl sulphide, 426. 
C,;H,,0,N.Cl 5-Chloro-3’-nitro-4’-amino-2-methoxydipheny]l ether, 707. 
13H,,0;NS 3-Nitrophenyl-4’-hydroxy-m-tolylsulphone, 425. 
C,;H,,0,NS 2-Nitro-2’-hydroxy-5’-methoxydiphenylsulphone, 426. 
2-Nitro-4’-methoxy-2’-sulphinodiphenyl] ether, 427. 
C,,H,,ONBr Bromo-1l-ketomethyltetrahydrocarbazoles, 274. 
C,,H,,ONI Methylnaphthoxazole methiodides, 963. 
C,,;H,,0,NCl 5-Chloro-4’-amino-2-methoxydiphenyl ether, 707. 
C,,H,,.0,NBr 5-Bromo-4’-amino-2-methoxydiphenyl ether, 708. 
C,,;H,,0,N.Cl, N-Phenyl-N’-(888-trichloro-a-hydroxyethyl)-(888-trichloro-a-hydroxyethyl)malonamide, 
113. 








C,;H,,0,NC1 w-Chloro-2-ethoxalylamino-5-methylacetophenone, 1517. 

C,,;H,,ON.Br cycloHexane-1:2-dione bromotolylhydrazones, 274. 

C,,H,,0O.NS 4-Carbamoxyphenylthiocarbimide, 179. 

C,,;H,,0,N.Cl, N-Phenyl-N’-(888-trichloro-a-hydroxyethyl)ethylmalonamide, 113. 
C,,H,,ON.S 2-.»-Ethoxyphenylimino-3:4-dimethyl.2.3-dihydrothiazole, 1176. 

C,-H,,ON,Cl 5-Chloro-8-y-aminopropylamino-6-methoxyquinoline, dihydrochloride of, 1527. 
C,;H,,ON,Cl, 8-8-Aminoethylamino-6-ethoxyquinoline, 1265. 


13 V 
C,;H,,0;NCIS 4-Chloro-2-nitrophenyl 4-hydroxy-m-tolyl sulphide, 425. 
C,,;H,,0,NCIS 4-Chloro-2-nitrophenyl-4’-hydroxy-m-tolylsulphone, 425. 
4-Chloro-2-nitrophenyl 3-sulphino-p-tolyl ether, 426. 
13 VI 
C,,H,,0,N.SNaAs, Neosalvarsan, constitution of, 1707. 


C,, Group. 





C,,H,, 3:5-Dimethyldiphenyl, 648. 
C,,H,; Cadinenes, absorption spectra of, 921. 


40 
C,,H,N, 2:2’-Dicyanodiphenyl, 138. 
C,,H,Cl, 88-Dichloro-a-phenyi-a-p-chlorophenylethylene, 703. 
C,,H,,.0 Diphenyloxen, preparation of, 1852. 
C,,H,,0, Benzoyl peroxide, reactions of, 1966. 
C,,H,,0, 2:5-Dihydroxy-4-benzoyloxybenzaldehyde, 1627. 
C,,H,,Cl, §88-Trichloro-a-phenyl-a-p-chlorophenylethane, 702. 
C,,H,.0, Benzoin, resolution of, 1122. 
C,,H,.F, 6:6’-Difluoro-2:2’-ditolyl, 836. 
C,,H,,N 3-Ethylcearbazole, 1143. 
C,,H,,0, §-2-Hydroxy-l-naphthylethyl methyl ketone, 1535. 
1-Methoxy-2-naphthyl ethyl ketone, 1314. 
6-Methoxy-2-naphthyl ethyl ketone, 866. 
C,,H,,0, Methyl cinnamylidenemalonate, addition of hydrogen cyanide and methyl malonate to, 87. 
C,,H,,0, 2:4:5-Triacetoxy-1:3-diacetylbenzene, 1628. 
C,,H,,0, w-Hydroxy-3:4:5-triacetoxyacetophenone, 1041. 
C,,H,,N 3-Dimethylaminodiphenyl, 1695. 
o-a-Phenylethylaniline, and its Lopdvechieride, 321. 
C,,H,,0, 7-Methoxy-3:4-diethylcoumarin, 1583. 
7-Methoxy-3-methyl-2-propylchromone, 1314. 
C,,H,,N 6 Wihpltetahednouabanche, 1143. 
C,,H,,0 2:7-Dimethyl-4-isopropyl-l-hydrindone, 1738. 
C,,H,,0, 2-Benzylcyclopentaneacetic acid, 93. 
A ea ae a ing ae 416. 
3-Phenyleyclohexane-1l-acetic acid, 92. 
C,,H,,0, 2:4-Dimethoxy-f-methyl-a-ethylcinnamic acid, 1582. 
Ethyl £-3:4-dimethoxyphenyl-a-methylcrotonate, 1427. 
Ethyl y-phenoxy-a-acetylbutyrate, 1539. 
a-Propiono-2:4-dimethoxypropiophenone, 1313. 
C,,H,,0, 4:6-Benzylidene a-methylgalactoside, 1321. 
4:6-Benzylidene a-methylmannoside, 331. 
Acid, from oxidation of longifolene, 192. 
C,,H,0, 8-(3-p-Cymy]l)-a-methylpropionic acid, 1738. 
C,,H..0, Bornyl hydrogen fumarate, 714. 
C,,H,,N Longifonitrile, 193. 
C,,H,.0, o-Longifolic acid, 192. 
C,,H,,0, Ethyl menthylidene-2-acetate, 1811. 
C,,H,,0, Ethyl menthane-2-acetate, 1811. 
C,,H.,0, Ethyl menthan-2-ol-2-acetate, 1811. 
13-Ketomyristic acid, 1544. 
2070 
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Formula Index. 


14M 

C,,H,O.N, 4:4’-Dicyano-3:3’-dinitrodiphenyl, 1433. 

C,.H,O,N, 4-Nitrophthalo-p-nitrophenylimide, 1414. 

C,,H,N.S. Diphenyl-4:4’-dithiocarbimide, 319. 

C,,H,O.N Phenanthridine-9-carboxylic acid, and its sodium salt, 108. 

C,,H,O,N 5-Acetamidonaphthalene-2:3-dicarboxylic anhydride, 1414. 

C,,H,C1,Br 88-Dichloro-a-phenyl-a-p-bromophenylethylene, 703. 

C,,H,Cl,I 88-Dichloro-a-phenyl-a-p-iodophenylethylene, 703. 

C,,H,Cl,I, 888-Trichloro-aa-di-p-iodophenylethane, 702. 
14HyoON, Oximinophenylacetonitrile phenyl ethers, 725. 

C,,H,o0;N, w-Nitrophenylglyoxal nitrophenylhydrazones, 68. 

C,,H,,O,N. Ethyl hydrogen Galteunsghthniens- $0-tnaabenaibte, 1413. 
1aH9 Oe re ee 45. - 

C,,H,.Cl,Br 888-Trichloro-a-phenyl-a-p-bromophenylethane, 702. 

C,4HieCl,I 888-Trichloro-a-phenyl-a-p-iodophenylethane, 702. 

C,,H,,ON 3-Acetylcarbazole, 1142. 

C,,H,,ON, Oximinophenylacetonitrile N-p-aminopheny] ether, 724. 

C,,H,,ON, 3-(3’-Pyridyl)-i-phenyl-5-pyrazolone, 1740. 

C,4H,,0Cl Desyl chloride, action of Grignard reagents on, 1850. 

C,,H,,OBr 4’-Bromo-4-diphenylyl methyl ketone, 871. 

C,,H,,0;N o-Xenyloxamic acid, 108. 

C,,H,,0;N, w-Nitrophenylglyoxalphenylhydrazone, 67. 

C,,H,,0;As 10-Methylphenoxarsine-2-carboxylic acids, and their salts, 1173. 

C,.H,,0,N, Benzylidene-2:5-dinitro-p-toluidine, 1744. 
Nitrobenzylidene-4-nitro-o-toluidines, 1744. 

C,,H,,0, 2:4-Dihydroxypheny] 4-nitrobenzyl ketone, 513. 

C,,.H,.ON, 1-p-Toluidinobenzoxazole, 1188. 

C,,H,,0,N, 1-Acetamido-2-methoxy-4-cyanonaphthalene, 1488. 
Benzylidenenitrotoluidines, 1743. 
3’-Nitro-4’-methyl-2-stilbazole, 277. 

C,,H,,0,Br, 5-Bromo-6-methoxy-2-naphthyl a-bromoethyl ketone, 866. 

C,,H,,0.8, 2:6-Dimethylthianthrensulphone, 682. 

C,,H,,0,8, 2:6-Dimethylthianthren trioxide, 682. 

C,,H,,0,N, Phloracetophenone 2:4-dinitrophenylhydrazone, 1766. 

C,,H,,ON 2-Hydroxy-4-methylbenzaldehyde, 244. 
14H,30,N, 4-Nitrobenzeneazoresorcinol 3-ethyl ethers, 631. 

C,,H,,0,N, 2:2’-Dinitro-4:4’-dimethoxydiphenylamine, 1529. 

C,,H,;0,Cl w-Chloro-3:4:5-triacetoxyacetophenone, 1041. 

C,,H,,0,Br w-Bromo-3:4:5-triacetoxyacetophenone, 1041. 

C,,H,,ON, 1-Dimethylamino-2-methoxy-4-cyanonaphthalene, 1486. 
ind-N-Methylharmine, and its salts, 1637. 
6-Nitroso-3-dimethylaminodiphenyl, 1696. 

C,,H,,0.N, 4-Benzeneazoresorcinol 3-ethyl ether, 630. 

C,,H,,0,N, 4’-Methyl-2-stilbazole nitrate, 277. 

C,,H,,0,N, 8-8-Carboxypropionamido-6-methoxyquinoline, 1268. 

C,,H,,0,8 4:4’-Dihydroxy-3:3’-dimethyldiphenylsulphone, 45. 

C,,H,;O.N 1-Methoxy-2-naphthyl ethyl ketoxime, 1315. 

C,,H,;0.N, 1-Methoxy-2-naphthyl methyl ketone semicarbazone, 1314. 

C,,H,,0O,N 3-Carbethoxy-1-methylindole-2-acetic acid, 1904. 

Ethyl 2-carboxy-1-methylindole-3-acetate, 1904. 

C,,H,,ON, 6-Amino-9-acetyltetrahydrocarbazole, 1529. 

C,,H,,0O.N, 4-Dimethylamino-3-methoxy-1-naphthoamide, 1487. 

C,,H,,0;N, Ethyl 6-methoxyquinolyl-8-aminoacetate, 1527. 

C,,H,,.N.S 5:5’-Diamino-2:2’-ditolyl sulphide, and its salts, 1140. 


C,,H,,0,N; ne ye OR oe el eam 1313. 


C,,H,,0;N, 2:6-Dinitro-3-piperidino-4-methylacetophenone, 854. 
3:5-Dinitro-2-piperidino-4-methylacetophenone, 852. 

C,,H,,O.N, 4-y-Aminopropoxy-6-methoxyquinaldine, 1527. 
Phthalo-p-diethylaminoethylimide, 106. 


C,,H,,ON, 8-3-Aminobutylamino-6-methoxyquinoline, dihydrochloride of, 1526. 


C,,H,,0,C1 Bornyl fumaryl chloride, 714. 

C,,H,,0,N = cyclopentylidenecyanoacetate-2-acetate, 941. 

C,,H,,0,Br y-(2-Bromo-4:5-dimethoxypheny])-af-dimethylbutyric acid, 1426. 
C,,H.,0,N Ethyl cis-cyclopentane-1l-cyanoacetate-2-acetate, 941. 

C,,H,,0,N 2:3-Dimethyl galactose anilide, 1322. 

C,,H,.0,N §-Diethylaminoethyl p-anisylcarbamate, salts of, 1528. 

C,,H.;0,N N-Acetyl-1-menthylglycine, 1778. 

C,,H,,ON, Acetone /-8-menthylsemicarbazone, 1123. 


14 IV 


C,,H,O,N,S, 4:4’-Dithiocyano-3:3’-dinitrodiphenyl, 1433. 

C,,H,O,C1,8 2-Chloroanthraquinone-7-sulphonyl chloride, 1814. 

C,,H,ON,Cl, w-Chlorophenylglyoxal ie: sue 1864, 
6 T* 071 
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C,,H,O,N,Br, w-Nitrophenylglyoxal SReveheeetee. 68. 

uHN, 2:2:5:5-Tetrachloro-1:4-di-p-chloropheny]-1:2:4:5-tetrahydro-3:6-dithiopyrazine, 823. 
C,,H,ON. w-Chlorophenylglyoxal 2:4-dichlorophenylhydrazone, 1864. 
C,,H,O;N,Cl, tte mt dichlorophenylhydrazones, 67. 
C,,H,O,N,Br, eae wed yoxal 4-bromo-2-nitrophenylhydrazone, 1863. 

w-Nitro henylglyoxal :4-dibromophenylhydrazone, 67. 
C,,H,0, oI hlorophenylglyoxal 2:4-dinitrophenylhydrazone, 1987. 
C,,H,,ON Trichloroacet-o-xenylamide, 109. 
C,,H,,ON,Cl, w-Chlorophenylglyoxal p-chlorophenylhydrazone, 1864. 
C,4H,o0;N,Cl w-Nitrophenyl glyoxal p-chlorophenylhydrazone, 67. 
C,,H,,0,N,Br w-Bromophenylglyoxal o-nitrophenylhydrazone, 1863. 

w-Nitrophenylglyoxal p-bromophenylhydrazone, 67. 
C,,H,.N,CLS, 2 2:2:5:5-Tetrachloro-1:4-diphenyl-1:2:4:5-tetrahydro-3:6-dithiapyrazine, 823. 
C,,H,,ONC], Dichloroacet-o-xenylamide, 109. 
GH: ONS 2-Keto-1-benzyl-1:2-dihydrobenzisothiazole, 821. 

Gull y0N,Br, w-Aminophenylglyoxal 2:4-dibromophenylhydrazone, 68. 

C,,H,,0Cl,Fe 2-Methyl-5:6-naphtha(1:2)pyrylium ferrichloride, 1536. 

C,,H,,0,N.Br, Ethyl 2:4:6- ‘tribe romophenylazo- yy-dibromoacetoacetate- -N-acetate, 1988. 

Phenylglyoxalnitrophenylhydrazone-w-sulphonic acids, 1863. 
4 Bromo-1-keto-9-acetyltetrahydrocarbazoles, 273. 
5:5’-Dinitro-2:2’-ditolyl sulphide, 1141. 
vil oxalphenylhydrazone-w-sui honic acid, 1862. 

Gein. ‘g, 5:5’-Dinitro-2:2’-ditolyl disulphide, 1141. 

C,,H,,;0,N,Cl 4-p-Chlorobenzeneazoresorcinol 3-ethyl ether, 631. 
C,,H,,;0,;NS 2-Nitro-2’-hydroxy-3’:5’-dimethyldipheny] sulphide, 425. 
C,,H,,;0,N,8 Benzylsulp ony ormaldehyde p-nitrophenylhydrazone, 687. 
C,.H,,;0;NS 2-Nitrobenzyl-4’-hydroxy-m-tolylsulphone, 426. 

2-Nitro-2’-hydroxy-3’: 5’-dimethyldiphenylsul hone, 426. 

2-Nitro-2’-sulphino-4’:6’-dimethyldipheny] an, 427. 
C,,H,,ONI Methylnaphthoxazole ethlodides, 964. 
C,,H,,0,N,8 5’-Nitro-5-amino-2:2’-ditolyl sulphide, and its hydrochloride, 1141. 
C,,H,,0,N,I 2-8-2’:4’- Dinitrophenylethylpyridine methiodide, 278. 

H,,0;N,Cl, Bis-(888-trichloro-a-N’-acetyl-N’-ethylcarbamidoethyl) ether, 111. 

C.,H,,0,N,Cl, 8-8-(B’-Aminoethoxy)ethylamino-6-methoxyquinoline dihydrochloride, 1266, 


14V 

C,,H,0,N,.C1,8 Phenylgl ponsl. 2:66 tolehtanephenetaneaannin we honic acid, 1863. 
C,,H,O,N.Br,8 Pheny smney 2:4:6-tribromophen ar anc eanigitpet phonic acid, 1862. 
C,,H,,0. os Phenylgly mt 2:4-dichlorophenylhydrazone-w-sul ieaie acid, 1863. 
Cut OWN Phenylgl yoxal-2:4-dibromophenylhydrazone-w-sulphonic acid, 1862. 
C,,.Hyo ON Ee Phenylglyoxal-4-bromo-2-nitrophenylhydrazone-w-sulphonic acid, 1863. 
Git O ult C18 Phenylglyoxal-p-chlorophenylhydrazone-w-sulphonic acid, 1863. 

Cult #0 4N,CI,Br, Ethyl 2:4:6-trichlorophenylazo- yy-dibromoacetoacetate- N-acetate, 1988. 

Cull nd s nes Phenylglyoxal-p-bromophenylhydrazone-w-sulphonic acid, 1862. 

C,,H,,0. 2-Chloro-m-5-xylyl 2-nitrobenzenesulphenate, 428. 
C,,.H,,0. N08 Benzaldehyde 2-chloro-5-nitrotoluene-4-sulphonhydrazone, 1332. 
C,,H,,N,CLS,Pt 2:2’-Dipyridylethylenedimethyldisulphineplatinous chloride, 971. 


14 VI 
C,,H,,0,N,CLSPt Tetrachloro (diaminodiethyl d-camphor-8-sulphonate)platinum, 471. 


C,, Group. 
Gusts 3:5:4’-Trimethyldiphenyl, 648. 
C,,H., Dihydro-f-caryophyllene, 1808. 
C,,;H,, 5-2-Menthyl-8-methylbutylenes, 1812. 


CHO. isoFlavone, 513. 
C,,H,,0, 5-Hydroxyflavone, 1483. 
7-Hydroxyisoflavone, 1121. 
0,,H.,0, 1:5-Dihydroxy-2-methylanthraquinone, 1634. 
Tetrahydroxy-2-methylanthraquinone, 1532. 

C,,;H,,0, 2-Ethyl-a-naphtha-y-pyrone, 1313. 

154,20, Phenyl o-tolyl diketone, 416. 

15H),,0, 2-Hydroxymethylchrysazin triacetate, 1635. 
C,;H,.0, ye aeag dr ener oe 1070, 1508. 

or Be Dichloro-a-phenyl-a p-tolylethylene, 703. 

8-Trichloro-a-p-c Sichanet -a-p-tolylethane, 702. 


15 0 


120], 
ON Dickothyl henanthridine, picrate of, 649. 
CHCl B88-Trichloro-a-phenyl-a-p-tolylethane, 702. 
1440 1-Keto-5-methyl-1:2:3:4-tetrahydroanthracene, 1952. 
etomethyltetrahydrophenanthrenes, 458, 459. 
Cig, 2-Methoxy-1- naphthylideneacetone, 1536. 


oluoylphenylearbinols, 414. 2072 
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C,;H,.0; (—)Benzanisoin, 417. 
2-Hydroxy-4-benzyloxyacetophenone, 1766. 
B-(5-Methyl-1-naphthoyl)propionic acid, 458. 
B-(8-Methyl-2-naphthoyl)propionic acid, 1952. 
2-Propionylacetyl-1-naphthol, 1313. 

C,;H,.0; Deralgdvengiaven, 221. 

140, w-Formoxy-3:4:5-triacetoxyacetophenone, 1041. 
1511602 y-(6-Methyl-1-naphthyi)butyric acid, 458. 
i7N 3-a-Phenylethyl-p-toluidine, ad its salts, 322. 
C,;H,.0, cis-a-Hydrindene-2-n-hexoic lactone, 1302. 
C; 1803 B-Santonin, 1343. 
-desmotropo-B-Santonins, 1345. 

C,;H,,0, 2-Benzylcyclopentanemalonic acid, 93. 
3-Phenylcyclohexane-1-malonic acid, 93. 

C,;H2.0; trans-a-1-Hydroxyhydrindene-2-n-hexoic acid, 1302. 
d-B-Santonous acid, 1346. 

C 0, 2-Benzoyl 3:4-dimethyl methylxyloside, 827. 

Acid, from oxidation of henatiionn, 193. 

C,;H..0, Tetrahydro-f-santonins, 1345. 

C,;H..0. a ae promi se A ARNT pt 1345. 

C 0, Ethyl trans-cyclopentane-1-carboxylate-2-malonate, 960. 

C,;H..0, Ethyl methyle iiksagap- teh tieameben, 1764. 

C,;H..0, Ethyl y-carbethoxysuberate, 954. 

7N Aminodihydrohumulene, and its hydrochloride, 1808. 

C,;H,,.0, Ethyl menthane-2-8-propionate, 1812. 
Methyl-8-2-menthylethylacetic acid, 1812. 

C,,H.N Aminotetrahydro-8-caryophyllene, 1808. 

C,;H;,0 2-y-Hydroxyisoamylmenthane, 1812. 


15 I 


C,;H,0,Cl, 5:8-Dichloro-1-hydroxy-2-methylanthraquinone, 1633. 
C,;H,o0,Cl, 3:6-Dichloro-2-(2’-hydroxy-3’-methylbenzoyl)benzoic acid, 1633. 


1NS, 4:4-Dithiocarbimidodiphenylmethane, 319. 
C,;H,,0,N 3-Nitro-2-hydroxychalkone, 43. 
C,;H,,0,C1 3:5:6:7-Tetrahydroxyilavylium chloride, 1620. 
3:6:7:4’-Tetrahydroxyflavylium chloride, 1629. 
C,;H,,0,C1 Pentahydroxyflavylium chloride, 1621, 1630. 
C,,H,,0,Cl1 Hexahydroxyflavylium chloride, 1622, 1630. 
C,;H,,0,C1 Heptahydroxyflavylium chloride, 1623. 
C,;H,,Cl,I 88-Dichloro-a-p-iodophenyl-a-p-tolylethylene, 703. 
C,;H,,0Cl, Dichlorodibenzyl ketones, 680. 
C,;H,,0,Ns. re 2:4-dinitrophenylosazone, 83. 
C,;H,.Cl,Br 88-Tric se rn HE Oe emg 702. 
C,;H, 88-Trichloro-a-p-iodophenyl-a-p-tolylethane, 703. 
C,;H,,ON 3-Acetyl-9-methylcarbazole, 1143. 
C,;H,,ON; oe ya N-p-methylaminopheny] ether, 724. 
13 r-Phenyl-p-tolylacetyl chloride, 1073. 
C,;H,,0.N Ethyl carbazole-3-carboxylate, 1143. 
C,;H,;0,C1 1-Chloro-2-methyltetrahydroanthraquinone, 833. 
C,;H,,0,N 4’-Nitro-4-acetyl-3-methyldiphenyl ether, 55. 
C,;H,,0,;N Hydroxymethoxypheny] 4-nitrobenzyl ketones, 514. 
4-Nitro-4’-carbethoxydiphenyl ether, 55. 
C,,H,,0,.N, Dinitroacetamidomethyldiphenyl ethers, 54. 
C,;H,,0,N, 3-Nitro-4-methylacetophenone 2:4-dinitrophenylhydrazone, 120. 
C,;H,,0,N, 3’:5-Dinitro-4’-acetamido-2-methoxydiphenyl ether, 706. 
C,;H,,ON, 2-Acetyl-9-methylcarbazole oxime, 1143. 
15H,,0,N, 4’-Acetamidodiphenylamine-2-carboxylic acid, 434. 
6-Nitro-2’-acetamido-2-methyldiphenyl, 837. 
C,;H,,0,N, Nitroacetamidomethyldiphenyl ethers, 53. 
C,,H,,0,N, 4-Methylacetophenone 2:4-dinitrophenylhydrazone, 116. 
ethylacetophenone 2:4-dinitrophenylhydrazones, 121. 
4-Methylphenylacetaldehyde ee 118. 
C,;H,,0,N, 3’-Nitro-4’-acetamido-2-methoxydiphenyl ether, 706. 
C,,H,,O,N, 2:4-Dihydroxy-3-ethylbenzaldehyde 2:4-dinitrophenylhydrazone, 1497. 
2:4-Dihydroxy-5-ethylbenzaldehyde 2:4-dinitrophenylhydrazone, 1498. 
C,;H,,ON Phenyl a-amino-8-phenylethyl ketone, hydrochloride of, 1567. 
C,;H,,0O,.N 4’-Acetamidomethyldipheny] ethers, 53. 
4-Nitro-3:5:4’ -trimethyldipheny], 649. 
C,;H,,O,N 4’-Acetamido-2-methoxydiphenyl ether, 706. 
C,;H,,0,N- p-Nitrobenzo-p’-dimethylaminoanilide, 724. 
C,;H,,0,’., 4-Nitrobenzeneazoresorcinol 3-propyl ethers, 631. 
C,;H,;0,N, 3-Amino-4-methylacetophenone 2:4-dinitrophenylhydrazone, 120. 
C,;H,,U.N, wit alin nl yer lala ccm, 859. 
4-Benzeneazoresorcinol propyl ethers, 630. 2073 
7 





15 II—16 Formula Index. 


Cs. OF 4-Dimethylamino-4’-hydroxydiphenylmethane, 1138. 
C,;H,,0,N 4-Dimethylamino-2’:4’-dihydroxydiphenylmethane, 1138. 
C,;H,,0,N, 1-Methoxy-2-naphthyl ethyl ketone semicerbazone, 1314. 
Cis ON Ethyl] 2-carbethoxyindole-3-acetate, 1903. 
Gusta Oe 1-4-isoPropy]-4?-cyclohexen-l-one 2:4-dinitrophenylhydrazone, 1149. 
,s8NCl Diphenylyltrimethylammonium chlorides, 1695. 
CE NI 2-Dimethylaminodiphenyl methiodide, 649. 
CusHsOoN B-Santonin oxime, 1345. 
GeO Ns 2’:4’-Dimethoxyphenylpropylpyrazole-1-carbonamide, 1314. 
CHa ON, 8-3-Aminobutylamino-6-ethoxyquinoline, 1268. 
Cust OdN Ethyl cyclopentylidene-1-cyanoacetate-2-8-propionate, 954. 
Gunns 2:6-Dinitro-3-piperidino-p-cymene, 851. 
a ylamino-6-y-aminopropoxyquinoline, trihydrochloride of, 1325. 
O:H.0.8 p-Toluenesulphonyl dimethyl B-methylxylosides, 828. 
ON Nitrosohumulene, 1808. 
CHOWN Ethyl cis- cyclopentane- 1-cyanoacetate-2-8-propionate, 955. 
C,;H,,0,N, 3:4:6-Trimethyl gluconolactone phenylhydrazide, 156. 
C.,H,,ON 1-Acetamido-1-methyl-longifanes, 194. 


15 IV 


C,;H,,N,CL,Pt Tri yridyltrichloro atinic chloride, 1500. 
oH ON,S 4- hetigiiichens’s 4’. Poe er 319. 
;NBr Bromonitrocarbethoxydiphenyl ethers, 54. 

Has OoN Cle 4:5-Dichloro-3’-nitro-4’-acetamido-2-methoxydiphenyl ether, 707. 
C0 kei 4:5-Dibromo-3’-nitro-4’-acetamido-2-methoxydipheny] ether, 708. 
OH Out Dichlorodibenzyi ketoximes, 680. 

21, NN-Diphenyl-N’-(p -trichloro-a- hydroxyethyl)urea, 112. 
OT ORB: NN-Diphenyl-N’-(688-tribromo-a-hydroxyethyl)urea, 112. 
C,;H,,0,N,Pt —— yridylplatinous ydroxide, and its salts, 1499, 1500. 
15H! 2 4:5-Dichloro-4’-acetamido-2-methoxydiphenyl ether, 707. 
C,;H,,0,NBr, 4:5-Dibromo-4’-acetamido-2-methoxydipheny] ether, 708. 
C,;H,,;0,N,Cl Chloronitroacetamidomethyldipheny]! e re 53. 
GustsO Br Bromonitroacetamidomethyldi ee Stier 53. 
Gusts Nr 5-Chloro-3’-nitro-4’-acetamido-2-methoxydiphenyl ether, 707. 
GusHisOcN Br 5-Bromo-3’-nitro-4’-acetamido-2-methoxydipheny] ether, 708. 
C,;H,;N;Cl,Pt Tripyridyl platinochloride, 1500. 
C,;H,,0,NC1 Chloroacetamidomethyldipheny] ethers, 53. 
C,;H,,O,.NBr Bromoacetamidomethyldipheny] ethers, 53. 
C.,H,,0,NCl 5-Chloro-4’-acetamido-2-methoxydiphenyl ether, 707. 
15H,,0,NBr 5-Bromo-4’-acetamido-2-methoxydiphenyl ether, 708. 
C,;H,,N,Cl,Pt Tripyric fs a Naeem oe ne chloride, 1500. 
C,;H,,N,CL,Pt, Tripyridylamminoplatinous platinochloride, 1500. 
15H,;0,NS -Cumeny] 2-nitrobenzenesulphenate, 428. 
CHO Ns Benzylsulphonylacetaldehyde p-nitrophenylhydrazone, 687. 
GusHie ONC 2:6-Dihydroxy-3-(p-phenoxyethyl)pyridyl-4-acetic acid hydrochloride, 1540. 
CHO x 4-p-Sulphobenzeneazoresorcinol 3-propyl ethers, 631. 
5H, 70. Sincthgtharnies iodide, 1636. 


ono N 2Cl, N-Phenyl-N’-( (BB- -trichloro-a- ec eee po am ga 113. 


C,;H,,ONC] o-Hydroxyphenylbenzyldimethylammonium chloride, 2 
Cc ON,Cl, Amminotripyridinopiatinous chloride hydrate, 225. 
C,;H,,0ON,I 8-Amino-6-y-dimethylaminopropoxyquinoline methiodide, hydrochloride of, 1326. 


15 V 


C,;H,,0,NCIS 4-Chloro-2-nitro mee 4-acetoxy-m-tolyl sulphide, 425. 
C,;H,,0,N,CL,Pt 2:2’-Dipyridylpyridinotrichloroplatinic chloride dihydrate, 969. 


C,, Group. 


C,.H,, 1:5-Dimethylanthracene, 1952. 
Dimethylphenanthrenes, 457. 
C,.H,, 1:2-Dimethy]l-3:4-dihydrophenanthrene, 457. 


16 
C,6H,,0 5-Keto-1:2:4:5-tetrahydropyrene, 374. 
C,.H,,0, 1:5-Dimethylanthraquinone, 1952. 
Greta: 7-Methoxyisoflavone, 1121. 
On O ea and its salts, 41. 
‘ ydroxy-1:2-dimethyl henanthrene, 867. 
oF ERs 3-pheny]-1:2:3: 1 tuteaiapcenaphthalens, 1334. 
C,.H,,0, 8-Benzylcinnamic acid, 1333. 
1:2-D Dihydrophenanthryl-4-acetic acid, 374. 
Siteyttions b-enthgtincteghensan, 41. 
C,.H,,0, 3:4-Dimethoxyphenylphthalide, 1328. 
C,.H,,O Ketodimethyltetrahydrophenanthrenes, pol 459. 
+ 





Formula Index. 


C,<Hi.0. y-2-Naphthyl-a-methyl-48-pentenoic acid, 457. 

Ci6H,.0; B-Hydroxy-By-diphenylbutyric acid, 1333. 
Methyl £-(8-methyl-2-naphthoyl)propionate, 1952. 
Methyl £-(2-naphthoyl)isobutyrate, 457. 
B-(4-Methyl-1-naphthoyl)isobutyric acid, 459. 
B-(1-Naphthoyl)-a-ethylpropionic acid, 460. 

C,,H,,0, -(6:7-Dimethyl-2-naphthyl)butyric acid, 458. 
Methyl y-(8-methyl-2-naphthyl)butyrate, 1952. 

C,6Hoo0, 3:5-Acetone 2-benzoyl y-methylxyloside, 827. 

CieH220, 4:6-Benzylidene ae pee a-methylgalactoside, 1321. 
4:6-Benzylidene-2:3-dimethyl a-methylmannoside, 332. 

C,.H.,0, Ethyl cyclopentane-1-acetate-2-malonate, 944. 


16 


C,¢H,,0;Cl, 5:8-Dichloro-2-methoxymethylanthraquinone, 1633. 

C,,H,,0;N. Isatylidene-o-nitroacetophenone oxide, 1515. 
o-Nitrobenzoylformyloxindole, 1515. 

C,,.H,,0,N Benzoylformyloxindole, 1513. 

Isatylideneacetophenone oxide, 1512. 

C,,H,,0;N, 4-Nitrophthalo-p-acetamidophenylimide, 1414. 

C,.H,,0,Cl, 4:4’-Bischloroacetyldiphenyl, 872. 

C,.H,,0,;N, 3-0-Carboxyphenylamino-4-hydroxyquinoline, 1517. 
2-(Nitrophenoxy)-4-methylquinolines, 857. 
2-(o-Nitrophenyl)-6-methoxyquinoline, 1521. 

C,,H,,0,N, 2:4-Dinitrophenylazobenzoylacetone, 1987. 

C,,.H,,ON 2-Phenoxy-4-methylquinoline, 857. 

C,,H,,;0,N 3:9-Diacetylcarbazole, 1143. 

Ethyl phenanthridine-9-carboxylate, 108. 

C,.H,30. Mandeloyloxindole, 1514. 

C,,H,;0;N, 2-(3’-Nitro-4’-aminophenoxy)-4-methylquinoline, 859. 

C,,H,;0,N 2-Amino-4:5-dimethoxybenzoylbenzoic acid, lactam, 1327. 

C,,H,,0,C1 Phenylmethylbenzopyrylium perchlorates, 39. 
3:3’:4’-Trihydroxy-8-methoxyflavylium chloride, 1651. 

C,,.H,,;0,N 2-Nitro-4:5-dimethox oe oo ap 1328. 

C,,H,,;0,N 2-Nitro-4:5-dimethoxybenzoylbenzoic acid, 1327. 

C,,H,,ON, 2-(Aminophenoxy)-4-methylquinolines, 857. 
2-(0-Aminopheny])-6-methoxyquinoline, 1521. 

C,,H,,0,N, Ethylglyoxal 2:4-dinitrophenylosazone, 85. 

C,H,,ON; Oximinophenylacetonitrile N-p-dimethylaminopheny] ether, 724. 
Oximinophenylacetonitrile N-p-ethylaminopheny] ether, 724. 

C,,.H,,OBr 4-Diphenylyl a-bromoisopropyl ketone, 871. 

C,.H,;0.N 9-88’-Dihydroxyisopropylphenanthridine, 107. 

C,,H,,0;N Ethyl o-xenyloxamate, 108. 

C,.-H,,0,Br 8-(5-Bromo-6-methoxy-2-naphthoyl)butyric acid, 866. 

C,,H,;0,N, N-Acetyl-2:2’-dinitro-4:4’-dimethoxydiphenylamine, 1530. 

C,,H,,O.N, Lysergic acid, 675. 

C,.H, Dimethylphenanthridine methiodide, 649. 

C,.<H,,ON 4-Acetamido-3:5-dimethyldiphenyl, 648. 
2-Benzamido-p-ethyltoluene, 120. 
3-Benzamido-p-ethyltoluene, 117. 
o-a-Phenylethylacetanilide, 321. 
p-a-Phenylethylacetanilide, and its salts, 321. 

C,.H,,ON, Ergine, 674. 

1¢H;,0,N, 4-Nitrobenzeneazoresorcinol 3-butyl ethers, 631. 

C,,H,,0,8 4’-Hydroxy-4-ethoxy-3:3’-dimethyldiphenylsulphone, 45. 

C,,H,,ON §-Amino-a-phenyl-a-benzyl-n-propyl alcohol, 1570. 

C,.H,,0,N Ethyl 3-carbethoxy-1-methylindole-2-acetate, 1904. 

C,,H,,0,.N cis-5-Hydrindanol phenylurethane, 952. 

C,.<H.,0,N, 2’:4’-Dimethoxypheny]l-4-methylpropylpyrazole-1-carbonamide, 1314. 

C,,H,,0N, 8-y-n-Propylaminopropylamino-6-methoxyquinoline, 1267. 

C,,H.;0. Acid, from oxidation of 1-amino-1-methyllongifane, i96. 


16 IV 


C,,H,,0,NCl 2-Chlorodimethylaminoanthraquinones, 1814. 
C,,H,,0,NC] Nitrophenylmethylbenzopyrylium perchlorates, 39. 
Nitro-2-p-tolylbenzopyrylium perchlorate, 41. 

0,.H,,0,N8 3-Hydroxy-2-benzylcarbamyl-1-thionaphthen, 821. 
C,,.H,,0,NS 2-Dimethylaminoanthraquinone-7-sulphonic acid, salts of, 1814. 
C,,H,,0,N,Cl, 4:4’-Dichloro-3:3’-diacetamidodiphenyl, 1432. 

16H,N,C1,8, 2:2:5:5-Tetrachloro-1:4-di-p-toly]-1:2:4:5-tetrahydro-3:6-dithiapyrazine, 823. 
C,.H,,ON,Cl, Dichlorodibenzyl semicarbazones, 680. 
C,.H,,0,NS Oe SS eee sulphide, 425. 
C,,H,,0,N,8, Di-(8-o-nitrophenoxyethyl) disulp 


ide, 428 
2075 





16 IV—17 I Formula Index. 


C,.H,,0,N,8 Benzoyl-p-toluenesulphon-8-aminoethylamide, 1304. 
Cre p-Toluenesulphonbenzyl-f8-hydroxyethylamide, 1304. 


o-Benzyloxyp eee iodide, 282. 


C.,H,,0,NS, Di-p-toluenesulphonylethylenediamine, 1304. 


16 V 
C,.H,,0,N,C1,8, 2:2:5:5-Tetrachloro-1:4-di-p-anisyl-1:2:4:5-tetrahydro-3:6-dithiapyrazine, 823. 


C,, Group. 


C,,H,, 2-Phenylmethylnaphthalenes, 1332. 

C,,H,, 3-8-Phenylethylindene, 374. 
Propylphenanthrenes, 460. 
Tetrahydrochrysofluorene, 374. 

C,,H,, 2-Methy]-1-ethyl-3:4-dihydrophenanthrene, 460. 


17 0 
C,,H,N, 4-Cyano-1:2-benzphenazine, 1487. 
C,,H,,0, 7-Hydroxy-2-styrylchromone, 1766. 
C,,H,,0, 5-Acetoxyflavone, 1483. 
7-Acetoxyisoflavone, 1121. 
7:4’-Dihydroxy-2-styrylchromone, 1766. 
5-Hydroxy-6-acetylflavone, 1954. 
C,,H,,0, 7-Benzyloxy-2-methylchromone, 1766. 
17H,,0, 5-Hydroxy-7-benzyloxy-2-methylchromone, 1767. 
C,,H,O 4-Keto-2-phenyl-1-methyl-1:2:3:4-tetrahydronaphthalene, 1334. 
7-Methoxy-1:2-dimethylphenanthrene, 867. 
C,,H,,0,; 2:4’-Dihydroxy-3:4-dimethoxychalkone, 220. 
C,,H,,0 4-Keto-7-isopropyl-1:2:3:4-tetrahydrophenanthrene, 460. 
C,,H,,0, Py-Diphenylvaleric acid, 1334. 
7-Methoxy-4-keto-1:2-dimethyl-1:2:3:4-tetrahydrophenanthrene, 866. 
C,,H,.0; eepeeny Sy See acid, 1334. 
Hydroxy-4:6-dimethoxy-8-phenylpropiophenones, 404. 
174,30; 4:4’-Dihydroxy-7:8-dimethoxyflavan, 220, 
C,,H,,Br, «5-Diphenyl-8-methyl-4*-butene dibromide, 1426. 
C,,H.0 pig ey a ee ay mr 871. 
C,,H..0; y-(6-Methoxy-2-naphthyl)-8-methylvaleric acid, 866. 
C,,H,.0, Acetyl-l-desmotropo-f-santonin, 1345. 
C,,H,,0, Ethyl a-benzyladipate, 92. 
17 
C,,H,,0,.N, 1:2-Benzphenazine-4-naphthoic acid, 1487. 
2-m-Nitropheny]-6-methoxyquinoline-4-carboxylic acid, 1520. 
2-(Trinitro-p-tolyloxy)-4-methylquinoline, 858. 
Chloro-3:4-diphenylcyclopentenones, 204. 
Chlorohydroxydistyryl ketones, 1742. 
7-Hydroxy-2:3-[7’-methoxychromeno(4’:3’)]benzopyrylium chloride, 1534, 
2-(2’:5’-Dinitro-p’-tolyloxy)-4-methylquinoline, 858 
2-(Nitro-p’-tolyloxy)-4-methylquinolines, 858. 
C,,H,,0,N, 1-Diacetamido-2-acetoxy-4-naphthonitrile, 1486. 
oa agg ee ene Set quinoline, 859. 
C,,H,,0,N, y-p-Nitrophenoxypropylphthalimide, 1324. 
C,7H,,0 eg pee ner butan-f-one, 1426. 
2-(p-Tolyloxy)-4-methylquinoline, 858. 
C,,H,,0,N 2-(4’-Methoxyphenoxy)-4-methylquinoline, 859. 
2-Nitro-4-y-phthalimidopropoxyaniline, 1325. 
Reso-oenidin chloride, 1618. 
2-(3’-Amino-p’-tolyloxy)-4-methylquinoline, 858. 
-y-Phthalimidopropoxyaniline, 1324. 
$(35-Diamino-y’ -talyloxy)-4-methylquinoline, 858. 
4-Diphenylyl a-bromoisobutyl ketone, 871. 
B-Keto-ad-diphenylvaleramide, 1426. 
1’-Methoxy-2’-naphthylethylpyrazole-1-carbonamide, 1314. 
-(5- Bromo-6-methoxy-2-naphthy])-8-methy]-4*-pentenoic acid, 866. 
ethyl Acete y feta ue none Be mene 866. 
p-Nitrobenzoyl-6-methoxy-3-ethyl-o-cresol, 1495. 
3-Acetamido-4-methylacetophenone 2:4-dinitrophenylhydrazone, 120. 
2-Nitro-4-y-(2-carboxy benzamido) re ere wees 1324. 
2-Nitro-4-tert.-butylbenzaldehyde 2:4-dinitrophenylhydrazone, 1956. 
1-Anilinotsoquinoline ethiodide, 1908. 
C,,H,,0 me ere raging Pa 649. 
3-a-Phenylethylaceto-p-toluidide, 322. 
C,,H,,0,N Eth Ce ay ee a rt a om 92. 
C,,H,,0,N, 7-Methoxy-4-phenacylideneflavene — 1258. 


174412 2 
Ci; 12 74"4 


174415 3 





Formula Index. 17 W—18 I 


C,7H»0,8, «f-Bisbenzylsulphonylpropane, 685. 
C,,Ho,0,8 d-Camphr-10-sul hony. Feylaldehyde, 233. 


CHOWN, dl-Carveny] 3:5-dinitrobenzoate, 237. 

ihydrocarvey] dinitrobenzoates, 236. 
ae 3:5-dinitrobenzoate, 312. 

Ci, 

C,;-HaoN. 


s Dichloro-4:4’-tetramethyldiaminodiphenylmethanes, 1191. 
1? 2Br, Dibromo-4:4’-tetramethyldiaminodiphenylmethanes, 1192. 
C,,H,,0,N dl-Carvenyl p-nitrobenzoate, 237. 
C,,H,,N,Cl 2-Chloro-4:4’-tetramethyldiaminodiphenylmethane, 1191. 
C,,H,,N.Br 2-Bromo-4:4’-tetramethyldiaminodiphenylmethane, 1191. 
A? 2 neoisoMenthyl 3:5-dinitrobenzoates, 315. 
C,,H,,0N Benzoyl-d-dihydrocarvylamine, 232. 
Benz ooo <p 311. 
neoisoMenthyl p-nitrobenzoates, 315. 
Dinitrobenzoylmenthylamines, 1782. 
Nitrobenzoylmenthylamines, 1781. 
C,,H,,0,8 o-Delamandighenstliepivelionshens!, 240. 
C. ON Benzoylcarvomenthylamines, 230. 
8-y-n-Butylaminopropylamino-6-methoxyquinoline, 1267. 
aN; 4-y’-Aminopropy Tas A hydrochloride of, 1528. 
C,,H,,0,8 2-p-Toluenesulphonyl 3:4:6-trimethyl B-methylglucoside, 155. 
C11Har ON Phenacylhexa | Ae Somer ae a es hydroxide, picrate of, 282. 
C,,H,,ON Acetamidodihydrohumulene, 1808. vw 


C,,H,,0,,.N.Cl Dinitro-2’-hydroxy-2-styrylbenzo lium perchlorate, 42. 
C,,H,,0 Cl 3-Chlorobenzo-a-naphthalide, 1706. > ™ 

17H 3-Bromobenzo-a- ge 1707. 
C,,H,,ONI 3-Iodobenzo-a-naphthalide, 1707. 
C,,H,,0N,Br 2-Bromotoluene-2-azo-f-naphthol, 1141. 
C,,H,;0,N,I 2:2’-Dimethyloxacyanine iodide, 964. 
C,,H,,0;N,Cl, NN-Diphenyl-N’-(888-trichloro-a-acetoxyethyl)urea, 112. 

NN’-Di heny1-(888-trichloro-a-hydroxyethyl)malonamide, 113. 

C,,H,,0 B-Phthalimidoethyl p-toluenesulphonate, 1304. 
C,,H,,.0. 2-Phenoxy-4-methylquinoline methiodide, 857. 
C,,H,,N.IS 4:2’-Dimethyl-3-ethylthiazolo-1’-cyanine iodide, 1910. 
C,,H,,0,NS Ethyl 2-sulphobenzylcyclopentylidene-1-malonamate, 92. 
C,,H,,0,N.8, 4:4’-Tetramethyldiaminodiphenylmethane-2:2’-disulphonic acid, 1192. 
C,,H,;0,N,8, Bis(benzenesulphonamidoethyl)methylamine, hydrochloride of, 466. 
C,,H,,ONBr Phenacylhexahydrobenzyldimethylammonium bromide, 282. 


C,, Group. 


C,.H,, 3’-Methyl-1:2-cyclopentenophenanthrene, and its picrate, 127. 
1-B-Phenylethylnaphthalene, 374. 
a 10 Meth baclollte 376. 

C,.H,, 10-Methyl-3:4:10:11-tetrahydro-1:2-benzfluorene, 1736. 
1-B-Phenylethyl-3:4-dihydronaphthalene, 374. 
3-8-Phenylethy]-2-methylindene, 1736. 

1 7:8-Dihydrophenaly1-7-spirocyclohexane, 372. 
1-Methyl-1:2-cyclopentano-1:2:3:4-tetrahydrophenanthrene, 127. 
1-(B-1’-Naphthylethyl)-41-cyclohexene, 372. 

ctahydroc mes, 373. 
C,.H., Dodecahydro-1:2-benzanthracene, 375. 
2-8-Phenylethyl-4**-octalin, 375. 


Cc 


18 


C,.H,,O 1- and 2-Phenylacetylnaphthalenes, 376. 
C,.H,,0, 9:10-Dihydroanthranylsuccinic anhydride, 1227. 
7-Methoxy-2-styrylchromone, 1766. 
C,,H,;Tl Triphenylthallium, 1132. 
C,.H,,0 2:5. Dito ylfuran, 1409. 
7-Methoxy-1:2-cyclopentenophenanthrene, 658. 
C,.H,,0, 4-Methoxy-3:4-diphenyl-4?-cyclopentenone, 203. 
cis-B-Phenyl-a-1-hydroxyhydrindene-2-propionolactone, 1300. 
C,.H,,0, 4’-Hydroxy-2-methoxydistyryl ketone, 1742. 
C,,H,,0, 9:10-Dihydroanthranylsuccinic acid, 1226. 
5-Methoxy-7-benzyloxy-2-methylchromone, 1767. 
C,,H,,O, 2-Hydroxy-3:4-dimethoxy-3’:4’-methylenedioxychalkone, 220. 
C,.H,,0, trans-8-Phenyl-a-l-hydroxyhydrindene-2-propionic acid, 1300. 
C,,.H,,0, 4-Hydroxy-7:8-dimethoxy-3’:4’-methylenedioxyflavan, 220. 
Ethyl f£-hydroxy-By-diphenylbutyrate, 1333. 
; 4-Hydroxy-7:8:4’-trimethoxyflavan, 220. 
»H,,0 Methyl-f-(a-naphthyl)ethylcyclopentanols, 126. 
1-(B-1’-Naphthylethy])cyclohexanol, 372. 2077 





18 II—18 IV Formula Index. 


C,,H,,N, 2:7-Tetramethyldiamino-9:10-dihydroanthracene, 1817. 
C,,H,,0, Menthyl mandelate, resolution of, 715. 
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C,,H,O,N, 5-Nitronaphthalene-2:3-dicarboxyl-p-nitrophenylimide, 1413. 
C,.H,,0,Cl, 2:6-Bischlorophenyl-1:4-benzoquinones, 680. 
C,.H,,0,N, 5-Nitronaphthalene-2:3-dicarboxylphenylimide, 1413. 
C,.H,,0,Br 10-Bromoanthranylsuccinic anhydride, 1227. 
C,.H,,0,N, N-2’:4’-Dinitrophenylcarbazole, 1675. 
Ciel Cls Dichloroanthraquiny] diacetates, 1227. 
Cied20 10-Bromoanthranylsuccinic acid, 1227. 

CH ON. 6:7-Methylenedioxy-2:3-[7’- methoxychromeno(4’: 3’)]quinoline, and its picrate, 1534. 

a- eg p-nitrophenylacetate, 514. 

C,,H,,;0;N, 2-p-Nitrobenzylidene-8-nitro-6-methoxyquinaldine, 1523. 
C,,H,,0,N, 4:10-Dimethylepindolidione, 1519. 
C,,H,,0,N, 2-p-Nitrobenzylidene-6-methoxyquinaldine, 1521. 
C,,H,,0,N, 2- {9" 4”. yea weet ye ne way 1675. 
C,,H,,0,N Benzoyl-6-methoxy-l-naphthylamine, 656. 
C,.H,,0,Cl ae ee tere ae ketones, 1742. 
C,.H,;0,.N, Trinitro-2-p-dimethylaminostyrylindole, 1415. 
C,,H,;N,Bi Triphenylbismuthine diazide, 408. 
C,,.H,,ON, 2-p-Aminobenzylidene-6-methoxyquinoline, 1521. 

1sELy¢ .N, 3-o-Carbethoxyphenylamino-4-hydroxyquinoline, 1517. 

2-Carboxy-3-p- -tolylamino- 4-hydroxy-6- — uinoline, 1518. 

C,,H,,0,N, 2-(3’-Nitro-4’-ethoxyphenoxy)-4-methylquinoline, 859. 
C,,H,,0O,N, 2-Nitro-5-methoxy-y ee 1529. 
C,,H,,0,N, Diacetylethylene bis-2:4 ee se 1650. 

1H, 7 2-(4’-Ethoxy phenoxy)-4-methylquinoline, 859. 

C,H, ,0,Bi a henylbismuthine dihydroxide, 407. 
C,H, ,0,Cl ydroxy-5:6:7-trimethoxyflavylium chloride, 1620. 
C,.H,,0,C1 3: 4’ -Dihydroxy-5:6:7-trimethoxyflavylium chloride, 1621. 
C,,H,,0,C1 3.3':4’."Trihydroxy-5:6:7-trimethoxyfavylium chloride, 1622. 


C,.H,,0,Cl 3:3’:4’:5’-Tetrahydroxy-5:6:7-trimethoxyflavylium chloride, 1623. 

C,,H,,0.N, 2-(3’-Amino-4’-ethoxyphenoxy)-4-methylquinoline, 859. 
Tetramethyldiaminoanthraquinones, 1815. 

C,,H,,0,N, 2-Amino-5-methoxy-y-phthalimidopropoxybenzene, 1529. 

Con On 3-p-Cy we 3:5-dinitrobenzoate, 1734. 


GueHtied sN, Acetonylacetone bis-2:4- dinitrophenylhydrazone, 1650. 
C,.H,.0 8 4:4’-Diethoxy-3:3’-dicarboxydiphenylsulphone, 45 
1sH;,ON, 4-Keto-2-phenyl-1-methyl-1:2:3:4-tetrahydronaphthalene semicarbazone, 1334. 
Oximinophenylacetonitrile N-p-diethylaminopheny] ether, 724. 
C,,H,,0.N, 1’-Methoxy-2’-naphthyl-4-methylethylpyrazole-1-carbonamide, 1315. 
C,,H,,ON, 2:7-Tetramethyldiaminoanthrone, 1816. 
2 1-Phenylmethylamino-6:7-dimethoxy-3:4-dihydrotsoquinoline, 1264. 
C,.H.,0,8 4:4’. eee eS Sea ea 45. 
C,sH,,ON 5-a-Phenylethylaceto-m-4-x = 323. 
C,,H..0,8 4:4’-Diethoxy-3:3’-dimethyldiphenylsulphone, 45. 
Cietindd d-Camphor-10-sulphonylvanillin, 233. 
C,,H,,0.N Phthalo- l-menthylimide, 1779. 
C,.H,,0,N Phthalo- Seoniigtnaie acid, 1779. 
CoHlas 0; Hexa-acetyl mannoseoxime, 148. 
C..H.,0, Phthalo-8-diisobutylaminoethylimide, 106. 
C..H,,0,8. 1-4-isoPropyl-4?-cyclohexen-l-one hydrosulphide, 1149. 


18 IV 


C,,H,,0,NCl, 2:6-Bischlorophenyl-4-nitrophenols, 680. 
C,.H,,0,N,8 5-Amino-8-p-sulphobenzeneazonaphthalene-2:3-dicarboxylic acid, 1414. 

oor Ort es 2:4:6-Trinitro-1:3-di-m-nitrobenzenesulphonamidobenzene, 243. 

sH,,0,,N;Bi Triphenylbismuthine dinitrate, 1261. 
@8, 4:6-Dinitro-1:3-di-m-nitrobenzenesulphonamidobenzene, 243. 

C..H.,0 Cl, 2:6-Bischlorophenyl-4-aminophenols, Spdeechlesties of, 680. 
C,.H,,0,.N.Cl Dinitro-2-o-hydroxystyryl-3-methylbenzopyrylium perchlorate, 42. 

a : OF 2-Bromo-4:5-dimethoxy benzaldehyde azlactone, 1427. 

C,,H,,0,N,S, 1:3-Di-m-nitrobenzenesulphonamidobenzene, 243. 

C,,.H,,0,NS 3-Acetoxy-2-benzylcarbamyl-1-thionaphthen, 821. 

C,.H,;0,Cl,Fe 8-Methoxy-2:3-[7’- ‘methoxychromeno(# :3’)]benzopyrylium ferrichloride, 1534. 
C,,H,,0,NC] 2-Chloro-7-diethylaminoant uinone, 1815. 
C,.H,,0,N,Br, Bis-(888-tribromo-a-N’-phenylcarbamidoethyl) ether, 112. 

1sH,.N.Br,Mn Quinolinium tribromomanganite, 701. 
ee Bromo-2:7-tetramethyldiaminoanthraquinone, 1815. 
oH 17 2-Diethylaminoanthraquinone-7-sulphonic acid, sodium salt, 1814. 

"Oh 2-(p-Tolyloxy)-4-methylquinoline methiodide, 858. 

c 1 OANI a -* mee Lame 8 -4-methylquinoline methiodide, 859. 

C,,H,,0,N,8, 2:2’-Dithiobenzoethylamide, 820. 207 
8 





Formula Index. 


C,.H.,ONBr Phenacylphenyldiethylammonium bromide, 281. 
sH..0,N.8, 1:4-Di-p-toluenesulphonylpiperazine, 1304. 

C,.H,,OIP p-Phenoxyphenyltriethylphosphonium iodide, 1601. 

C,sH.;0,N,8, f’-Di-p-toluenesulphonamidodiethylamine, salts of, 1304. 


C,, Group. 
C,.H,, 1:3’-Dimethyl-1:2-cyclopentano-1:2:3:4-tetrahydrophenanthrene, 127. 


19 0 


C,sH,,0, Phenyl-1:4-a- and -8-naphthapyrones, 1121. 
C,.H,,0; w-1-Hydroxy-2-naphthoylacetophenone, 1768. 
fs 3’:4’-Methylenedioxy-2-a-methylstyrylchromone, 1312. 
C,,.H,,0, 1:5:8-Triacetoxy-2-methylanthraquinone, 1634. 
C,,H,,0 5-Keto-6-methyl-5:6:7:8-tetrahydro-1:2-benzanthracene, 432. 
a-Phenylethyl-a-naphthyl ketone, 1570. 
C,,H,,0; §-Phenanthroylisobutyric acids, 432. 
C,9H,.0, 7:4’-Dimethoxy-2-styrylchromone, 1766. 
2-m-Aminocinnamylidenequinaldine, 1522. 
5:7-Dimethoxy-3-benzyl-4-methylcoumarin, 405. 
y-3-Phenanthryl-a-methylbutyric acid, 432. 
3:4’-Dimethoxydistyryl ketone, 1742. 
5:7-Dimethoxy-3-benzyl-2-methylchromone, 404. 
Tetramethoxychalkones, 220. 
19H2,0 Equilenin methyl ether, 655. 
7-Methoxy-1-methyl-1:2:3:4-tetrahydro-1:2-cyclopentenophenanthrene, 657. 
1-(B-6’-Methoxy-1’-naphthylethyl)-2-methyl-4!-cyclopentene, 657. 
aa-Bis-3:4-dimethoxyphenyl-4*-propylene, 1425. 
as-Bis-3:4-dimethoxyphenylacetone, 1425. 
4-Hydroxy-7:8:3’:4’-tetramethoxyflavan, 220. 
9-B-Diethylaminoethylaminophenanthridine, and its salts, 107. 
2:5-Dimethyl-1-B8-(a-naphthyl)ethylcyclopentanol, 127. 
Ethyl 2-(B-tolylethyl)methylcyclohexanone-2-carboxylates, 457, 458, 460. 
19260, Ethyl 2-benzylcyclopentane-1-malonate, 92. 
Ethyl 3-phenylcyclohexane-1-malonate, 93. 
C,,H;,0, Ethyl a-acetylbrassylate, 1544. 
C,,H,.0; 8-Cetyl glyceryl ether, 1235. 
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C,,H,,;0N N-Phenylphenanthridone, 107. 
C,,H,;0;C1 2-Phenyl-a-naphthylpyrylium perchlorate, 40. 

19H,,0.N, 2-m-Nitrocinnamylidenequinaldine, 1522. 
C,9H,,0.N, 2-(2’-Nitro-4”-cyanoanilino)-2’-aminodiphenyl, 1677. 
C,,H,,NCl Phenyltrimethylammonium chloride, 1693. 
C,,H,,;0,.N age Te Le RN Fp pe | 1517. 
C,.H,,;0,N, Nitro-4:6-bisbenzeneazoresorcinol 3-methyl ethers, 630. 

1 1,0,C1 3-Acetyl-2-0-hydroxystyrylbenzopyrylium perchlorate, 452. 
C,oH,,0.N, 4:6-Bisbenzeneazoresorcinol 3-methyl ether, 630. 
C,.H,,ON 3:7-Dimethyl-f-naphthanilide, 1411. 
C,9H,,ON, Phenylacetylnaphthalene semicarbazones, 376. 

19H,;0,.N a- and f-Phenylethyl-a-naphthylurethanes, 844. 
C,oH,,0,N, 2-Nitro-4-y-phthalimidopropoxyacetanilide, 1324. 

19H;30,N, 2-Carbomethoxy-3-p-tolylamino-4-keto-6-methyl-1:4-dihydroquinoline, 1518. 

19H; sU,Ns 
19H,,0,N, 8-5-Tetralylethyl 3:5-dinitrobenzoate, 1736. 
C,,H,,ON §-Amino-a-phenyl-a-l-naphthyl-n-propyl! alcohol, 1570. 

Dimethylaminobenzylnaphthols, 1139. 
ie a p-y-(o-Carboxybenzamido)propoxyacetanilide, 1324. 
C,,H,,ON 4-Diphenylyl sloetiianennalal ketone, 872. 
C,,H.,0N, 2-(m-y-Aminopropylaminopheny]l)-6-methoxyquinoline, hydrochloride of, 1521. 
C,»H..0,N, isoApoquinidine, and its salts, 1929. 
uinine, and its salts, 1923. 
3-Methyl galactosazone, 1322. 

C,,.H,,0,N N-Benzoyl-l1-menthylglycine, 1778. 
C,,H,,.N.I, Diphenylmethane-3:3’-bistrimethylammonium iodide, 1192. 
C,,H,,ON Menthane-2-acetic acid p-toluidide, 1811. 


19 IV 
C,,H,,0,NCI, S¢- Boshieeghengt-4-aiinabaan methyl ethers, 680. 
C,,H,;0,N,Cl 4-Chlorobenzophenone 2:4-dinitrophenylhydrazone, 1806. 

19H,,0,Cl,Fe 6:7-Dimethoxy-2:3-[7’-methoxychromeno(4’:3’)]benzopyrylium ferrichloride, 1534. 
C,,H,,ONBi Triphenylbismuthine hydroxycyanide, 407. 
C,,H,;0,N.Cl, NN’-Diphenyl-(888-trichloro-a-acetoxyethyl)malonamide, 113. 
C,,H,,0,N,I 2:2’-Diethyloxacyanine iodide, 964. 20 
79 


VY emer oe yo ee mower: 1323. 





19 IV—20 II Formula Index. 


C,.H,.0,NI 2-(4’-Ethoxyphenoxy)-4-methylquinoline methiodide, 859. 
C,.H,,ONBr Phenacyl-y-phenylpropyldimethylammonium bromide, 281. 


C,, Group. 
C..H,, Perylene, reactions of, 536. 
C..H,, 5:6-Dimethyl-1:2-benzanthracene, 433. 
2:6-Dimethylnaphthacene, 1411. 
C..H,, 2:6-Dimethyl-9:10-dihydronaphthacene, 1411. 


20 I 
Coeroxonone-3:9, 1065. 
4-Hydroxycoeroxonone-3:9, 1066. 
5:6-Dimethyl-1:2-benzanthraquinone, 431. 
2:6-Dimethylnaphthacene-9:10-quinone, 1411. 
C..H,,0; 2’-Methoxy-a-naphthaflavone, 1768. 
C..H,,0, Tetraketodimethylhexahydronaphthacene, 1409. 
C..H,,0, 2-0-Methoxycinnamoyl-1l-naphthol, 1768. 
C.oH,,0, 2-Acetyl-l-naphthyl o-methoxybenzoate, 1768. 
w-1-Hydroxy-2-naphthoyl-o-methoxyacetophenone, 1768. 
C..H,,0, 2:5-Ditolylfuran-3:4-dicarboxylic acid, 1409. 
CyoH,,0,, _2-0-(O-Triacetylgalloyl)phloroglucinaldehyde, 1614. 
C,.H,,0 Phenyl-4-diphenyiylmethylcarbinol, 871. 
3-p-Toluoy]-2:6-dimethylnaphthalene, 1411. 
C..H,,.0, Hydroxy-3:4-diphenyl-5-isopropylidenecyclopentenones, 205. 
CooH,,0, B-Benzoyl-af-endo-9:10-dihydroanthraquinylpropionic acid, 1226. 
Methyl £-phenanthroylisobutyrates, 432. 
CooH, 0, <b. Dibednenp-ab-di-p telgtauinan p-dieasteagtelactene, 1410. 
C..H,,.0 2:5-Di-4’-m-xylylfuran, 1410. 
trans-aB-Bis-2:4-dimethylbenzoylethylene, 1410. 
5:7:4’-Trimethoxy-3-benzyl-4-methylcoumarin, 405. 
2-( Ae ee and its hydrochloride, 1522. 
af- Bis-2:4-dimethylbenzoylethane, 1410. 
nse see ent gy meee and its salts, 107. 
r-cycloHexylhydrobenzoin, 417. 
.0, ad-{is-3:4-dimethoxyphenylbutane, 1426. 
C..H;,N Dicarvomenthylamines, 232. om 


Cooks sOiNs 1:9-Dinitro-3-methoxy-5-phenylacridine, 1530. 
C..H,,ON, Oximinophenylacetonitrile N ee tee ae ether, 724. 


C..H,;0;N; 2-m-Nitrocinnamylidene-8-nitro-6-methoxyquinaldine, 1523. 
8-N: itro-6-y-phthalimidopropoxyquinoline, 1325. 

C,.H,;0,N, 2:2’-Dinitro-4-methoxy-6’-benzoyldiphenylamine, 1530. 

CyH,;0,N, 2:4-Dihydroxyphenyl 4-nitrobenzyl ketone 2:4-dinitrophenylhydrazone, 513. 
2-m-Nitrocinnamylidene-6-methoxyquinaldine, 1523. 
4-Methylbenzophenone 2:4-dinitrophenylhydrazone, 1806. 
Bp’-Diphthalimidodiethyl ether, 1266. 

B-6-Methoxy-1-naphthylethyl 3:5-dinitrobenzoate, 657. 

Co H,,Cl,Pt, Bis-2:2’-dipyridylplatinous platinochloride, 969. 

C.9H,,0Cl 2-Chloro-3:4-diphenyl-5-isopropylidene-4?-cyclopentenone, 207. 

C..H,,0,.N, 8-y-Phthalimidopropylaminoquinoline, 1265. 

C.H,,0,N, 8-Amino-6-y-phthalimidopropoxyquinoline, 1325. 
B8’-Diphthalimidodiethylamine, 465. 

Nitro-4:6-bisbenzeneazoresorcinol 3-ethyl ethers, 630. 
2-m-Aminocinnamylidene-6-methoxyquinaldine, and its hydrochloride, 1523. 
4:6-Bisbenzeneazoresorcinol 3-ethyl ether, 630. 
5-Methoxy-3-methy]-3-(8-phthalimidoethyl)indolenine, and its salts, 1417. 
9-Nitrobenzoyl-6-methoxytetrahydrocarbazole, 1528. 
1:9-Diamino-3-methoxy-5-phenylacridine, hydrochloride of, 1530. 
9-Benzoyl-6-methoxytetrahydrocarbazole, 1528. 
2-p-Dimethylaminobenzylidene-8-nitro-6-methoxyquinaldine, 1523. 
9-Bp’ een SS a he ae ee 107. 
20H90,Br, a8-Dibromo-af-bis-2:4-dimethylbenzoylethane, 1410. 
2-Carbomethoxy-3-p-tolylamino-4-keto-1:6-dimethyl-1:4-dihydroquinoline, 1518. 
 : A w-p-To Se ae 1517. 

CyoH.0,8 4:4’-Diethoxy-3:3’-dicarbomethoxydiphenylsulphone, 45. 

C..H,,0;Br a-Veratroy!l-y-(2-bromo-4:5-dimethoxyphenyl)propane, 1425. 

C,.H,,0,Br, a3-Bis-2-bromo-4:5-dimethoxyphenylbutane, 1426. 

C..H,,0,N, 5-Bis-2-nitro-4:5-dimethoxyphenylbutane, 1426. 

C..H,;0,Br 2-Bromo-ad-bis-3:4-dimethoxyphenylbutane, 1426. 

CooH..0 Di-(y-benzylsulphonylpropy]) ether, 686. 

CooH.,0,,8 2-p-Toluenesulphony] 3:4:6-triacetyl B-methylglucoside, 153. 

C..H;,0,N, Methyl 2-g-menthylethyl ketone 2:4-dinitrophenylhydrazone, 1812. 

2oH3,0,8 d-neoisoMenthyl camphorsulphonates, 317. 








Formula Index. 


20 IV 


C.H,0,C1,8 6:6’-Di-(2:4-bisdichloromethylene-1:3-benzdioxinyl)sulphone, 44. 
C..H,0,Cl,,S 6:6’-Di(trichloromethyldichloromethylene-1:3-benzdioxinyl)sulphones, 44. 
CooH0,Cl,.8 6:6’-Di-(2:4-bistrichloromethyl-1:3-benzdioxinyl)sulphones, 44. 

15 Br w-Anilinophenylglyoxal 2:4-dibromophenylhydrazone, 68. 
CooH,;0,.N S, 2:4:6-Trinitro-1:3-di-o-nitro-p-toluenesulphonamidobenzene, 243. 
CooH,¢N.Cl,Pt, Bis-2:2’-dipyridyldichloroplatinic platinochloride, 969. 
C.H,,0,N,8, 4:6-Dinitro-1:3-di-p-toluenesulphonamidobenzene, 243. 
CooH,,N,C1L,Pt Bis-2:2’-dipyridyl platinochloride, 968. 

CooH,,0,NS, Di-p-toluenesulphonanilide, 181. 
CoH, ,N.ISe 2’-Methyl-2-ethylselena-1’-cyanine iodide, 1910. 
CxH,,ONI 4-Diphenylyl piperidinomethyl ketone methiodide, 872. 


20 V 
C..H,,0,N.Br,8, 2:4:6-Tribromo-1:3-di-p-toluenesulphonamidobenzene, 243. 
2oN,s0,N,Br,8, 4:6-Dibromo-1:3-di-p-toluenesulphonamidobenzene, 243. 
C.,H.0,N,1,Pt Bis-2:2’-dipyridylplatinous iodide dihydrate, 969. 


C,, Group. 


C.,H,, 2’:1’-Naphtha-1:2-fluorene, 1737. 
C.:H,, Methylcholanthrene, 431. 
C,,H,, 6-isoPropyl-2:3-benzanthracene, 1412. 


21 0 

C.,H,,0 2’:1’-Naphtha-1:2-fluorenone, 1737. 

C,,H,,0, Erythroxyanthraquinone-3’-methoxypheny] ether, 1065. 
6-Methyl-1:2-benzanthraquinonyl-5-acetic acid, 431. 

C,,H,,0, 6-isoPropyl-2:3-benzant uinone, 1412. 

2’:4’-Dimethoxy-a-naphthaflavone, 1769. 

C,,H,,0, 7:4’-Diacetoxy-2-styrylchromone, 1766. 

C.,H,,0 6-isoPropyl-2:3-benz-10-anthrone, 1412. 

C.,H,,0, 3-Cuminoyl-2-naphthoic acid, 1412. 
2-Hydroxy-4-benzyloxypheny] benzyl] ketone, 1121. 

C.,H,,0, 2-Acetyl-1-naphthyl 2:4-dimethoxybenzoate, 1769. 
w-1’-Hydroxy-2’-naphthoy -2:4-dimethoxyacetophenone, 1769. 
7-Methoxy-3’:4’-methylenedioxy-2-a-methylstyryl-3-methylchromone, 1314. 

C,,H,,0 Phenyl-p-tolylbenzylcarbinol, 1852. 

0, 3-p-1s0oPropylbenzyl-2-naphthoic acid, 1412. 


21 
Tolylhydrobenzoins, 415. 
C.,H..0,; (-+)Anisylhydrobenzoin, 418. 
a1 2 4:4’-Dimethylaminotriphenylmethane, 391. 
C,,H,,0, 5:6:5’:6’-Tetrahydroxy-3:3:3’:3’-tetramethylbis-1:1’-spirohydrindene, 1680. 
Tetramethoxy-3-benzyl-2-methylindene, 1427. 
C,,H,,0, ad-Bis-3:4-dimethoxyphenyl-y-methylbutan-f-one, 1428. 


C.,;H,,0, B-Octadecyl glyceryl ether, 1235. 
21 43 21 m 


C,,H,,0,Br 6-Bromo-0-3:4-diphenylmethylenenormeconine, 1131. 
C,,H,,0;N 7-Hydroxy-2-phenyl-3-p-nitrophenylchromone, 513. 
C.,H,;0.N 9-Benzoyl-2-acetylcarbazole, 1143. 
C.,H,;0,N; ae oe 277. 
C,,H,,0,N; Hydroxymetho enyl 4-nitrobenzyl ketone 2:4-dinitrophenylhydrazones, 514. 
C,,H,,ON, 5 or 7-(4’-Methyl-2’-quinolinoxy)-2:4-dimethylquinoline, 858. 
o-a-Phenylethylbenzanilide, 321. 
C,,H,,0;N, 8-8-Phthalimidoethylamino-6-ethoxyquinoline, 1265. 
C,,H,,0,N; §8’-Diphthalimidodiethylmethylamine, 465. 
1:2’-Dimethyl-2:1’-cyanine iodide, 1908 
a1 Alstonine, and its salts, 290. 
C,,H,,.0,Br, Tetrabromotetrahydroxy-3:3:3’:3’-tetramethylbis-1:1’-spirohydrindene, 1681. 
C.;H,0,.8 «-p-Toluenesulphony]-3:4:5-triacetoxyacetophenone, 1040 
C.,H,,0, Hydrastinines, and their salts, 1315. 
2H,,0,Cl 7:4’-Dihydroxy-3-galactosidoxyflavylium chloride, 1616. 
7:4’-Dihydroxy-3-8-glucosidoxyflavylium chloride, 1615. 
Woo a apigeninidin chloride, 811. 
C,,H,,0,,.Cl 3-Galactosidylpelargonidin chloride, 1613. 
3- “Glucosidyl a chloride, 1612. 
N,IS 2.3’ Diet ylthia-1’-cyanine iodide, 1910. 
2 Strychnine, 574, 581, 590, 592, 595, 1490. 
ON, 2-(p-y-Aminopropylaminostyry])-6-methoxyquinoline, and its hydrochloride, 1521. 
O.N, cycloPentane-1-carbanilide-2-propionanilides, 953. 

H,,0;Br, _5-Bis-2-bromo-4:5-dimethoxyphenyl-y-methylbutan-B-one, 1428. 
Dinitro-ad-bis-3:4-dimethoxyphenyl-y-methylbutan-f-one, 1428. 
Dihydrostrychnidine- D, 586. 

ihydrostrychnidine-Z, 588. 
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C.,H,,0,S, 1 Ae tae meee om 2-methyl £-methylxyloside, 826. 
C.,H,,ON §8-Naphthoylmenthylamines, 1782. 

C.,H,,0;N, 8-Bis-(8-3:4-dimethoxyphenylethyl)carbamide, 1264. 

C.,H,,0,N, §-Diethylaminoethyl 6:7-dimethoxyquinaldine-4-propionate, salts of, 1528. 


21 IV 


C.,H,,0,N,C1 5-Chloro-8-y-phthalimidopropylamino-6-methoxyquinoline, 1527. 
C,,H,,0, p-Toluenesulphonyl-a-phenylethylaniline, 322. 
242,0,NS, Di-p-toluenesulphontoluidides, 181. 
C.,H,,0,N,;Br a-Veratroyl-y-(2-bromo-4:5-dimethoxyphenyl)propane semicarbazone, 1425. 


C,, Group. 


C..H,, 10-Methyloctahydro-2’:1’-naphtha-1:2-fluorene, 1737. 
3-(B-5’-Tetralylethyl)-2-methylindene, 1737. 


C..H,,0, 4-Acetoxyeveroxonone-3:9, 1066. 
eoH,,0, 5-Hydroxy-3-benzoylflavone, 1484, 1954. 
'22H,,0, 7-Benzyloxyisoflavone, 1121. 
7-Methoxy-3:4-diphenylcoumarin, 1572. 
C..H,,0, 2:6-Dibenzoyloxyacetophenone, 1954. 
Erythroxyanthraquinone 2’:3’-dimethoxyphenyl ether, 1066. 
C..H,,0, 4-Phenylacetyl-4’-acetyldiphenyl, 871. 
C.,H,,0, Acetyl-2-o-methoxycinnamoyl-1l-naphthol, 1768. 
C..H,,0, 2-Hydroxy-4-benzyloxyphenyl 3:4-methylenedioxybenzyl ketone, 1770. 
3’:4’:5’-Trimethoxy-a-naphthaflavone, 1769. 
C..H,.0, 3-Methyl-5-ethylphenyl p-xenoate, 421. 
C..H..0, C-Benzylphloracetophenone 4-benzyl ether, 1767. 
2. Hydroxy-4-benzyloxyphenyl 4-methoxybenzyl ketone, 1770. 
C..H..0, 2-Acetyl-l1-naphthyl O-trimethylgallate, 1769. 
w-1’-Hydroxy-2’-naphthoy]-3:4:5-trimethoxyacetophenone, 1769. 
C.,H,.,N §888-Triphenylethylamine, hydrochloride of, 281. 
29H,,0, Dehydroguaiaretic dimethyl ether, 1428. 
C,.H,,0, /-Bornyl /-menthoxyacetate, 1775. 
C..H.,0, dl-Guaiaretic acid dimethyl ether, 1428. 
w-O-Diacetyl-8-galactosidoxy-4-acetoxy-3:5-dimethoxyacetophenone, 814. 
22H,.0, dl-Dihydroguaiaretic acid dimethyl ether, 1428. 
22390, Ethyl 5-phenyl-n-butanetetracarboxylates, 91. 
C..H,,0,, Penta-acetyl w-maltal, 303. 
83 2 Dihydroanhydrotetrahydro-N(b)-methylstrychnidine-K*, 577. 
C,.H;,0, 4-Bornyl d-bornoxyacetate, 1774. 
C..H;,0, /-Menthyl d-bornoxyacetate, 1775. 
2aHyoO; d-neoisoMenthyl menthoxyacetates, 317. 


22 If 
C..H,,0,Br Dibenzoylbromonormeconine, 1131. 
C..H,,0,Cl Benzoylapigeninidin chloride, 810. 
5-O-Benzoylgalanginidin chloride, 1620. 
C..H,,0,Cl, 0-Cresol-3:6-dichlorophthalein, 1633. 
C..H,,ON 7-Hydroxy-2:4-diphenylquinoline methohydroxide, anhydronium base, 1421. 
7-Methoxy-2:4-diphenylquinoline, and its salts, 1421. 
C..H,,0,C1 7-Hydroxyphenylanisylbenzopyrylium chlorides, 1437. 
C..H,,0.N Phenyl 5c: enethenperiiinatl 1 ketone, 1420. 
22Hy0,N, 4-y-Phthalimidopropoxy-6-methoxyquinaldine, 1527. 
22Ho0;N, 2-Carboxy-3-p-tolylacetamido-4-acetoxy-6-methylquinoline, 1518. 
C..H,,0,.N Methylethylphenyl p-xenylcarbamates, 420. 
2:3:6-Trimethylphenyl p-xenylcarbamate, 420. 
C..H,,0,N, 4-Diphenylyl isopropyl ketone p-nitrophenylhydrazone, 871. 
C..H,,0,;N, 8-5-Phthalimidobutylamino-6-methoxyquinoline, hydrobromide of, 1526. 
C..H,,0,N; 8-8-(8’-Phthalimidoethoxy)ethylamino-6-methoxyquinoline, 1266. 
C..H,,N,I 2’-Methyl-l-ethyl-2:1’-cyanine iodide, 1909. 
2’-Methyl-1-ethyl-4:1’-cyanine iodide, 1909. 
C,.H,,ONBr Phenyl-4-phenylphenacyldimethylammonium bromide, 870. 
C..H,,0N f8-Amino-af-dibenzyl-a-phenylethyl alcohol, and its hydrochloride, 1567. 
B-Amino-ay-diphenyl-a-p-tolyl-n-propyl alcohol, and its hydrochloride, 1567. 
w-Dimethylamino-w-phenylpropargylacetophenone, hydrohalides of, 281. 
C.,.H.,0;N Narcotines, and theiz salts, 1315. 
C..H,;0,,Cl Reso-oxycoccicyanin chloride, 1616. 
C,.H,,0,,Cl eft aewener n= ee chloride, 1605. 
C..H,,0,N, 2:7-Tetraethyldiaminoanthraquinone, 1815. 
C..H,,0,N, N-Methyldihydrochano-J-strychnine, 595. 
C..H,,0,N §-Keto-ad-bis-3:4-dimethoxyphenyl-y-methylvaleramide, 1427. 
C,,H,,ON, Anhydromethylstrychnidinium-D hydroxide, and its salts, 585. 
N(6)-Methylchanodihydroneostrychnidine-0, 578, 588. 
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Formula Index. 


C..H.,0.N, Oxyanhydromethylstrychnidinium hydroxides, 586. 
Oxy-N(6)-methylchanodihydroneostrychnidine-@, 580. 
Base, from methylstrychninium methosulphate and sodium amalgam, 577. 
C.2H3,0N, N(b)-Methyldihydrochanodihydrostrychnidine-0, 578. 
'e2H390,N, Hydroxydihydro-N(b)-methylchanodihydroneostrychnidine-6, 578. 
Hydroxymethyltetrahydrostrychnidine, 587. 
Methyldihydrostrychnidinium hydroxide, and its carbonate, 584. 
a hydroxide, salts of, 586. 
C.:H;,0N, (b)-Methylhexahydrostrychnidine-0, 580. 
C.2H;,ON Methyl-8-2-menthylethylacetic acid p-toluidide, 1812. 
C.:H,,0,.N Menthyl menthylglycines, 1777. 
C..H,,0.N, s-l-Dimenthylcarbamylhydrazine, 1123. 
22 IV 
C..2H.,0,NS p-Toluenesulphonyl-3-a-phenylethyl-p-toluidine, 322. 
A 2 a-Cyano-ad-bis-2-bromo-4:5-dimethoxyphenyl-y-methylbutan-f-one, 1428. 
C..H.;N.IS 2-Ethyl-2’-n-propylthia-l’-cyanine iodide, 1910. 
C..H,,ONBr poe le ropargyldimethylammonium bromide, 280. 
5 2 f-Keto-ad-bis-2-bromo-4:5-dimethoxyphenyl-y-methylvaleramide, 1428. 
C.2H.,ON.Cl Methyldihydrostrychnidinium-D chloride, 586. 
C..H,,ON.I Dihydrostrychnidine-D methiodide, 587. 
Methyldihydrostrychnidinium-D iodide, 586. 


C,, Group. 
4-Phenacylideneflavene, 1257. 
O-Benzoyl-y-baptigenin, 1770. 
7-Benzoyloxy-1:2-dimethylphenanthrene, 867. 
4-Phenacylflavene, 1257. 
C,;H,,0, O-Benzylformononetin, 1770. 
C,;H,,0,. Tetra-acetoxy-2-methylanthraquinone, 1532. 
C.;3H,.0, 7-Methoxy-2:2-diphenyl-4-methyl-4*-chromene, 1571. 
C.3H.,0, 4:6-Dibenzoyl-2:3-dimethyl a-methylmannoside, 332. 
egf2g0,3 w-O-Triacetyl-8-xylosidoxy-3:4-diacetoxyacetophenone, 806. 


C.;H.,0,; w-O-Triacetyl-B-xylosidoxy-4-acetoxy-3:5-dimethoxyacetophenone, 817. 
C,;3H;,N; 9-8-Diisobutylaminoethylaminophenanthridine, and its dihydrochloride, 107. 


23 I 
C,;H,,0,C1 6-Hydroxy-9-phenyl-1:2-dihydro-3:4-benzoxanthylium chloride, 1439. 


7-Hydroxy-4-phenyl]-2-styrylbenzopyrylium chloride, 1438. 

C.;3H,,0,C1 7-Hydroxy-2:4-dianisylbenzopyrylium chloride, 1438. 

,ON, Oximinophenylacetonitrile N-p-benzylethylaminophenyl ether, 724. 

C.;H.,0,C1 Ethyl 3-p-hydroxyphenyl-5-chlorostyryl-4°-cyclohexen-1-one-2-carboxylates, 1742. 

8-5-Phthalimidobutylamino-6-ethoxyquinoline, 1268. 

1:2’-Diethyl-2:1’-cyanine iodide, 1909. 

6:2’-Dimethyl-1-ethyl-2:1’-cyanine iodide, 1909. 

C.;H.;0,N Ethyl 4-acetamidodiphenyl-3:5:4’-tricarboxylate, 648. 

C,;H.;0,,Cl Reso-oenin chloride, 1617. 

C.;H.;0,,C1 7-8-Glucosidylmalvidin chloride, 1618. 

Malvidin chloride 3-galactoside, 814. 

C.;H.,0,N, Brucine, 574, 581, 590, 592, 595. 

C. Oxymethoxymethyldihydroneostrychnine, 591. 
Methoxymethylchanodihydrostrychnone, 591. 
Methoxymethylchanodihydrostrychnone oxime, 591. 

Ethyl a-cyano-a-8-phenoxyethyl-B-carbethoxymethyladip-y5-enate, 1540. 
2 Methoxymethylchanodihydrostrychnane, 593. 
N(6)-Ethyldihydrostrychnidinium-A hydroxide, salts of, 588. 
2 Methoxymethyltetrahydrostrychnidine, 587. 


23 IV 


C.;H,,ONI 7-Methoxy-2:4-diphenylquinoline methiodide, 1421. 

C.;H,,0,NS 1-Diacetamido-2-acetoxy-4-naphthyl-p-tolylsulphone, 1489. 

C.;H..0,NI, /-8-Narcotine methotri-iodide, 1317. 

C,;H;,ON,I N(b)-Ethyldihydrostrychnidinium-A iodide, 588. 
N(6)-Methylchanodihydroneostrychnidine methiodide, 588. 


23H230,N5 


C,, Group. 


24 


C.,H,,O, 3:4-Diphenyl-5-benzylidene-4*-cyclopentene-1:2-dione, 200. 

C.,H,,0; ee ee 1484. 

C,,.H,,0, 7-Benzyloxy-2-styrylchromone, 1766. 
7-Methoxy-4-phenacylideneflavene, 1258. 


C,,H,, ad-Di-(a-naphthyl) butane, 127. 
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C.,H,,0, 2:4-Diacetylresorcinol dibenzoate, 1954. 
0; Methoxy-4-phenacylflavenes, 1257. 
C.,H,,0, 7-Methoxy-2:2-diphenyl-3:4-dimethyl-4*-chromene, 1571. 
C.,H,.0, 2-Hydroxy-4-methoxybenzylidenediacetophenone, 1257. 
4H,0, Ethyl 2:5-ditolylfuran-3:4-dicarboxylate, 1409. 
C.,H..0, f- and y-Ethy] di-p-toluoylsuccinates, 1409. 
24H2g0, -Propyl Gent den, 103. 
C.,H,,0,; w-O-Tetra-acetylgalactosidoxy-4-acetoxyacetophenone, 1612. 
C.,H;,0,, Hexa-acetyl maltal, 302. 
24H3g0, Bornyl fumarates, 713. 
24 Ill 
C.,H,,OCl, 2:4-Dichloro-3:4-diphenyl-5-benzylidene-4?-cyclopentenone, 199. 
2:2’-Di-(2’’:4”-dinitroanilino)diphenyl, 1674. 
2-Chloro-3:4-diphenyl-5-benzylidene-4*-cyclopentenone, 199. 
C.,H,,0,Cl 7 -Hydroxy-5-benzoyloxy-2:3-[7’-methoxychromeno(4’:3’)]benzopyrylium chloride, 1534. 
C.,H,.0,N, 2:2’-Di-(4”-nitro-2”-aminoanilino)diphenyl, 1675. 


2 
C.,H,,0,N, 1:9-Diacetamido-3-methoxy-5-phenylacridine, 1530. 


4 ~N aa-Dibenzoyl-f-p-dimethylaminophenylethane, 1138. 
C,,E,,;0,C1 Ethyl 3-chlorophenyl-5-p-methoxystyryl-45-cyclohexen-1-one-2-carboxylates, 1742. 
Ethyl 3-p-methoxypheny]-5-m-chlorostyryl-4'-cyclohexen-1-one-2-carboxylate, 1742. 
C.,H,,0,.N, 2:7-Tetramethyldiamino-10-hydroxy-10-phenylanthrone, 1816. 
8-y-Phthalimidopropylamino-6-n-butoxyquinoline, 1265. 
2:7-Tetramethyldiamino-9(10)-hydroxy-9(10)-phenyldihydroanthracene, 1817. 
Acetoxymethyltetrahydrostrychnidine, 587. 
sN; Norcholanic acid semicarbazone, 433. 
C,,H,,0,N N-Acetylmenthyl menthylglycines, 1777. 
24 IV 
C.,H,,0,N.8, Di-(5-hydroxy-2-p-nitrophenoxyphenyl) disulphide, 427. 
C.,,H,,0,NS, Seats ionoanaiiaelia, 181. ’ 
C.,H,,0;NS, 1-Amino-2-p-toluenesulphonyloxy-4-naphthyl-p-tolylsulphone, 1489. 
C,,H,,N.IS 2’-Methyl-2-ethylbenzthiacyanine iodides, 1910. 


2V 
C.,H,,0,N,C1,8, Di-(5-chloro-2-o-nitrophenoxyphenyl) disulphide, 427. 


C,, Group. 


C.;H,, 5-Methyl-8-isopropyl-2’:1’-naphtha-1:2-fluorene, 1738. 

C.;H,, 1-(3’-p-Cymylmethyl)phenanthrene, 1734. 
Hydrocarbon, from cholesterol, constitution of, 1727. 

Cc 7-Methyl-4-isopropylhydrindene-1:1’-spiro-(4’:5’-benz)hydrindene, 1736. 
7-Methyl-4-isopropylhydrindene-1:7’-spiro-7’:8’-dihydrophenalene, 1735. 
3-(B-1’-Naphthylethy])-4-methyl-7-isopropylindene, 1735. 


25 I 


C,,H,,0 3:4-Diphenyl-5-benzylidene-2-methylene-4*-cyclopentenone, 200. 
C.;H,,0,, 2:4-Di-O-4-acetoxy benzoylphloroglucinaldehyde, 1614. 
C.;H,.0 5-Methyl-8-isopropyl-2’:1’-naphtha-1:2-fluorenone, 1738. 
a-Naphthyl a8-diphenylethyl ketone, 1567. 
C.;H..0, Methoxy-3:4-diphenyl-5-benzylidenecyclopentenones, 199. 
C,;H,.0, 7-Methoxy-2-styryl-3-benzylchromone, 404. 
1-3’-Methyl-6’-isopropylbenzoylphenanthraquinone, 1735. 
C.;H..N, Pheaghastelgbeaghavien, reactions of, 1966. 
C,;H,,0 1-Hydroxy-1-(8-1’-naphthylethyl)-7-methyl-4-isopropylhydrindene, 1735. 
C,;H,,0, Triveratrylmethane, 1425. 
C.;H,,0 1-Hydroxy-1-(f-5’-tetralylethyl)-7-methyl-4-isopropylhydrindene, 1736. 
25H3,0, Menthyl phenyl-p-tolylacetates, 1073. 


C.;H,,0;N, 2-(2”:4”-Dinitroanilino)-2’-salicylideneaminodiphenyl, 1675. 
C,;H,,0,Cl Oe a ee Fag a tn lc 200. 

7-H droxy-4-pheny!-1’-benz, lidene-2:3-cyclopenteno(2’:3’)benzopyrylium chloride, 1438. 
C,;H..N,S 4:4’’-Diamino-4’:4”-dixenylthiocarbamide, 319. 
C,;H,,ON §-Amino-ay-diphenyl-a-(a-naphthyl)-n-propyl alcohol, 1567. 
C.;H,,ON, pp’p’-Triamino-p’”’-hydroxytetraphenylmethane, 150. 
C..H.,0,N Piperonylidene-6:7-dimethoxy-3-acetyl-2-methylquinoline-4-propionic acid, 1327. 
C.;H,,0,N, 4-y’-Phthalimidopropyl-y-aminopropoxy-6-methoxyquinaldine, hydrobromide of, 1527. 
C.;H;,0,N, /-Benzoin l-5-menthylsemicarbazone, 1123. 


25 IV 


C.;H,,0,N,I Dimethyldibenzoxacyanine iodides, 964. 
C,;H.,0;N,S, Benzodi-f-p-toluenesulphonamidoethylamide, 1304. 
C,;H;,0,N,8, Tri-p-toluenesulphony]-8f’-diaminodiethylamine, 1304. 





Formula Index. 


C,, Group. 


eeHs_ 5:10-Dimethyl-8-isopropyloctahydro-2’:1’-naphtha-1:2-fluorene, 1738. 
3-(B-5’-Tetralylethyl)-2:4-dimethyl-7-isopropylindene, 1738. 


26 I 
Coerdioxonone-3:11, 1065. 
4:12-Dihydroxycoerdioxonone-3:11, 1066. 
2:2’-Di-(5”-cyano-1”:2”:3”’-benztriazolyl)diphenyl, 1678. 
2:2’-Di-(2”-amino-4”-cyanoanilino)diphenyl, 1677. 
5-0-Benzoyl-4’-O-acetylmalvidin chloride, 817. 
Ethoxy-3:4-diphenyl-5-benzylidene-4?-cyclopentenones, 199. 
, 5:7-Dimethoxy-2-styryl-3-benzylchromone, 404. 

4-Tritylmethylaniline, 1704. 
ad-Di-(6-methoxy-l-naphthyl)butane, 657. 

n-Butyl dibenzoyl-d-tartrate, 103. 

Ergosterol, constitution of, 1576. 
1:3-Benzylideneglycerol 2-cetyl ether, 1235. 


26 I 

CosH,,0,N, 2:2’-Di-(5”-carboxy-1”:2”:3”-benztriazolyl)diphenyl, 1678. 
2:2. Di-(2”-nitro-4”-cyanoanilino)diphenyl, 1676. 

C..H,,0,N, 2:2’-Di-(2”-nitro-4”-carboxyanilino)diphenyl, 1677. 
C.¢H,,90,Cl 2-Chloro-4-acetoxy-3:4-diphenyl-5-benzylidene-4*-cyclopentenone, 200. 
C,H. .0,N, 8-Di-o-xenyloxamide, 108. 
C..H.,0,N, 2:2’-Di-(2”-amino-4”-carboxyanilino)diphenyl, 1677. 
C.cH,;N.I 2’-Methyl-l-ethyl-5:6-benz-2:1’-cyanine iodide, 1909. 
CgH290,,Cl1 Cyanidin chloride Sagreiae Feresetan, 807. 
C. 2 4:4’-Bispiperidinoacetyldiphenyl, 872. 

26 IV 
C..H,,0,N.Cl, 4:4’-Dichloro-3:3’-dibenzamidodipheny]l, 1432. 
C.¢H,,0,N.S, Di-(2-0-nitrophenoxy-5-methoxyphenyl) disulphide, 427. 


26 V 
C..H,,0,N,C1,8, Di-(4-p-chloro-o-nitrophenoxy-m-tolyl) disulphide, 427. 


C,, Group. 
C,,H,, Cholesterilene, hydrogenation of, with selenium, 1129. 


27 0 


C,,H,,0, 5:7:4’-Trimethoxy-2-styryl-3-benzylchromone, 404. 
C,,H3,0,;, w-O-Tetra-acetyl-B-glucosidoxy-3-methoxy-4:5-diacetoxyacetophenone, 1605. 


27 Oi 

C.,H,,0;N, 2-(m-y-Phthalimidopropylaminopheny])-6-methoxyquinoline, 1520. 
C,,H;,0, 3-0-Collobiosidyleyanidin chloride, 1609. 

Cyanidin chloride di-8-glucosides, 807. 

3-O-Gentiobiosidylcyanidin chloride, 1611. 

3-O-Lactosidyleyanidin chloride, 1610. 

3-O-Maltosidyleyanidin chloride, 1610. 
Cot Delphin chloride, 1238. 
C,,H,30,I 6-lodo-2:3:4-tribenzoyl a-methylglucoside, 1179. 


27 IV 
C,,H,;0,N,I Diethyldibenzoxacyanine iodides, 964. 


C,, Group. 
C..H,, Ergostene, 1580. 
28 


C.,H,,0, Anthrarufin di-3’-methoxyphenyl ether, 1065. 
C.,H,,0 1:2-Diphenyl-1:2-di-p-tolylethanol, 1853. 
C.,H,,0, 2:3:6-Tribenzoyl a-methylglucoside, 1178. 
C..H,,0, 6-Triphenylmethyl-2:3-dimethyl a-methylmannoside, 332. 
29f 320; 7 op Dahen catty b-bchesethinny-ttd-tdnebempencteghanenn, 1041. 
C..H;,0,, 4-a-Glucosidomannose octa-acetate, 303. 
C..H,,0, 1:3-Benzylideneglycerol 2-octadecyl ether, 1235. 
2085 














28 II—32 II Formula Index. 


C..H,,0,N, 2-(p-y-Phthalimidopropylaminostyryl)quinoline, and its hydrobromide, 1522. 
Gann O 2:4-Dihydroxypheny] 4-nitrobenzyl ketone dibenzyl ether, 513. 

C..H,,ON 4-Tritylacetomethylanilide, 1704. 

C,,H,,0,,.S 2:3-Dibenzoyl 4-p-toluenesulphonyl a-methylglucoside, 1178. 

C..H, 4-Triethylphenyltrimethylamzaonium iodide, 1703. 


C..H,,0,N,8, 2:2’-Dithiobenzobenzylamide, 821. 
C,,.H.,0,N.S, ee nats oe nan disulphide, 427. 
C,,H,,0,SI 6-lodo-2:3-dibenzoyl 4-p-toluenesulphony! a-methylglucoside, 1178. 


C,, Group. 


C.,H,,0, Lage per at antag eee or 1572. 
7-Methoxy-2-pheny]-3-methylbenzo-B-naphthaisospiropyran, 1571. 
Cx.H;,0 Fucostanol, 1575. 
29 Il 


C..H,,0;N, w-Diazo-3:4:5-benzoyloxyacetophenone, 1040. 
C.9H,,0,,Cl 5:7-Di-O-4-hydroxybenzoylcyanidin chloride, 1614. 
29 sN, 2-p-y-Phthalimidopropylaminostyryl-6-methoxyquinoline, and its hydrobromide, 1521. 
C,,H,,0,,Cl 7:4’-Dihydroxy-5-O-tetra-acetyl-8-glucosidoxyflavylium chloride, 811. 
29H,,0,N, Benzylidene-N(b)-methyldihydrochano-y-strychnine, 596. 
C,,H;,0,N, Methoxymethylchanodihydrostrychnone p-nitrophenylhydrazone, 591. 
29H,,0;N, N-p-Nitrobenzoylmenthyl menthylglycines, 1777. 


C,, Group. 


CyoH.0, w-Formoxy-3:4:5-tribenzoyloxyacetophenone, 1040. 
C,.H,,0, fathenndin bis-2’:3’-dimethoxypheny] ether, 1066. 
CyoH,,0,, Bis-(5:7:3’:4’-tetrahydroxy)flavpinacol, 1070. 
Bis-(7:8:3':4’-tetrahydroxy)flavpinacol, 1508. 
soHysO, a-Amyrone oxide II, 1861. 
Amyrone oxides, 651. 
C,9H,,0, §-Amyrone oxide II, 1860. 
C,9H;,0, 13-Keto-n-triacontanoic acid, 1544. 
C,.H..0, -Triacontanoic acid, synthesis of, 1543. 
CyoH,,I n-Triacontanyl iodide, 1545. 
Cy9H,,0 n-Triacontanol, 1545. 
30 Ii 


C,oH,,0,Cl 6-Hydroxy-9-veratryl-4-veratrylidene-1:2:3:6-tetrahydroxanthylium chloride, 1439, 
CyoH3,0,,C1 7:4’-Dihydroxy-3’-methoxy-5-8-glucosidoxyflavylium chloride, 811. 
7 


Oo 
CH, 08, Methyl ergostanylxanthate, 1580. 
C,9H,;0,P d-neoisoMentholphosphoric acid, 316. 


30 IV 


C,oH,,N,Cl,Pt, Bistripyridyltriplatinous hexachloride, 1499. 
Tripyridylchloroplatinous platinochloride, 1499. 
Cyo9H;,0,N,8 1-4-isoPropyl-4*-cyclohexen-1-one hydrosulphide bis-2:4-dinitrophenylhydrazone, 1149. 


C,, Group. 


C;,H,,0 3:4-Diphenyl-2:5-dibenzylidene-4*-cyclopentenone, 200. 
C;,H,.0, 9 ety a en a 1040. 
C;,H,,0, 7:4’-Dibenzyloxy-2-styrylchromone, 1766. 

C;,H;.0, Fucosteryl acetate, 1575. — 


C,,H.,0;N, 8-y-Phthalimidopropylamino-6-y-phthalimidopropoxyquinoline, 1325. 
C;,H;.0,.Br, Fucosteryl acetate tetrabromide, 1575. 
C;,H;,0.N, Amyrone, oxide semicarbazones, 651. 


C,, Group. 
C;.H,,.N, Phthalocyanine, 1020. 
Cs2H;,0, Fucosteryl propionate, 1575. 
C,.H,,0, Ethyl n-triacontanoate, 1545. 
n-Triacontanyl acetate, 1545. 
32 I 


C,.H,,.N,Cu Copper phthalocyanine, 1029. 
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32 IV 
C;,H,,N,ClCu Copper chlorophthalocyanine, 1029. 


Cs2H.,0.N.Mg Magnesium ? thalocyanine, 1020. 

C;,H;,0,N,8 4d-Carvone hydrosulphide bis-2:4-dinitrophenylhydrazone, 1149. 
C,, Group. 

CssH;00;N. -Cetyl glyceryl ether diphenylcarbamate, 1235. 


C,, Group. 
C,,H;,0,N, 4’:4’-Bisdimethylamino-2’:2”-diethylcarbonatodiphenyl]-1:8-naphthalide, 652. 


C;; Group. 
C;;Hs,0,,8 2:3:6-Tribenzoyl 4-toluenesulphonyl a-toluenesulphonyl a-methylglucoside, 1178. 
C;;H3,0, 2:3-Dibenzoyl 4:6-di-p-toluenesulphonyl a-methylglucoside, 1178. 
C,;H;,0;N, B-Octadecyl glyceryl ether diphenylcarbamate, 1235. 

C,, Group. 
C,,H.N, 2:5-Diphenyl-3:6-di-a-naphthylpyrazine, 417. 
C;-H;20, Fucosteryl benzoate, 1575. 

36 Il 

C,,H;,0.N, Octamethyltetra-aminodianthrone, 1816. 


36 VII 
C3,-H.90.3N,C1,8;Pt.Te, Triphenoxtellurylium tetrabisulphate diamminodichloroplatosulphate, 1795. 


C,, Group. 
C;,H;,0,,Cl Malvidin chloride 3-xyloside, 817. 


C;, Group. 

C3sH 1.023 Cn tar RR ye er ng 1609. 
w-O-Hepta-acetylgentiobiosidyloxy-3:4-diacetoxyacetophenone, 1610. 
w-O-Hepta-acetyllactosidyloxy-3:4-diacetoxyacetophenone, 1610. 
w-O-Hepta-acetylmaltosidyloxy-3:4-diacetoxyacetophenone, 1610. 


38 I 
C,,H;.N,S, 4:4’-Bis-(4’’-aminoxenyl-4’”-thiocarbamido)diphenyl, 319. 
C,,H,,0,,C1 7-Hydroxy-3-0-tetra-acetylgalactosidoxy-5-benzoyloxy-4’-acetoxyflavylium chloride, 1613. 
C,, Group. 
C,.H;,0,N, Villastonine, and its salts, 1230. 


C,, Group. 
C,,H;,0;N, Macralstonidine, and its hydrochloride, 1231. 


C,, Group. 


C,.H,, Rubrene, photo-oxidation of, 1098. 
42 I 
C,,.H,,0, 13-Keto-n-dotetracontanoic acid, 1545. 


C,, Group. 
C,,H;,0;N, Macralstonine, and its sulphate, 1231. 


C,, Group. 


C,.H;,0,.N, Anhydrobismethoxymethylchanodihydrostrychnone, 592. 
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C,, Group. 
C,,H;,0,,01 7-Hydroxy-3:5-di-(0-tetra-acetyl-B-glucosidoxy)-3’-methoxy-4’:5’-diacetoxyflavylium 
chloride, 1607. 
C,,H;,0,N, Quinine phthalate, molecular compound of, with ethyl alcohol, 350. 


C,;, Group. 


C5oH,,0,, 2:3:4:3’:4’-Pentabenzoyloxychalkone, 1508. 
2:4:6:3’:4’-Pentabenzoyloxychalkone, 1069. 


C,;, Group. 


C;,H,;,0,N, Cinchonidine diphenate, compound of, with ethyl alcohol, 350. 
Cinchonine diphenate, compound of, with ethyl alcohol, 350. 


C,;, Group. 


C,,H,,0,N, Quinidine diphenate, compound of, with ethyl alcohol, 350. 
Quinine diphenate, molecular compounds of, with ethy! alcohol and acetone, 350. 
C;,H,.0,N, Dihydroquinine diphenate, compound of, with ethyl alcohol, 350. 


C,, Group. 
C,.H,,0,N, Benzylideneanhydrobismethoxymethylchanodihydrostrychnone, 592. 


ERRATA. 
Vou. 1933. 


for “ 1-51042” read “ 1-52707.” 


Vox. 1934. 


for scale of abscissae: in(A)read | , ,  » »y 5 4 y | 

: 10 1-2 14 1-6 1-8 2-0 2-2 

in(B)read | ; 1 1 1 1 1 it 
0-6 0-8 1-0 1-2 1-4 1-6 1-8 
~ “* Phenacylphenylpropargyldimethylammonium”’ read “ Phenacylphenylpropargylpiper- 
idinium.”” 

for “‘ dimethylamino ”’ read “ piperidino.” 
for “ r-benzoin ”’ read “‘ r-mandelamide.” 
for “ (—)benzoin ” read “‘ (—)mandelamide.” 
‘for “407” read “ 417.” 
for “ J., 1925, 127, 447 ” read “ J., 1929, 447.” 
for “ 52-8% ” read “‘ 59-8%.” 
for “ pyridinium ” read “ quinolinium.” 
for “ ice (160 g.), an excess ”’ read “ ice, an excess (160 g.).”” 
for “21-7” read “ 23-7.” 
for “ 13-hour ”’ read “ 3-hour.” 
fro “ 158-5—169° ” read “ 158-5—160°.”” 
for “ asymmetric centres at Cy, 9, ,;.”” read “ asymmetric centres C;, g, 13.” 











* From bottom. 





List of Physico-chemical Symbols. 


List of Physico-chemical Symbols adopted by the Chemical Society. 
[See J.C.S., 1921, 119, 502—512.] 


1. Mathematical Symbols. 


Alternative 
symbol. 
Base of natural (Napierian) logarithms 

Diameter 

Radius 

Ratio of circumference to diameter 
Summation 

Variation 

Total differential 

Partial differential 








YTRYMMARAS 


Acceleration due to gravity 

Mechanical equivalent of heat 

Avogadro’s constant [number of molecules in 1 gram-mole- 
cule (mole)]} 

Gas constant per mole 

Faraday’s constant (number of coulombs per gram-equiv- 
alent of an ion) 

Charge on an electron 








Density (mass per unit volume) 

Pressure 

Concentration 

Mole fraction 

Critical constants: pressure, volume, temperature (centi- 
grade), temperature (absolute), density Pu Ve t,, T,, 4, 

Reduced quantities : pressure, volume, temperature, density | ?,, v,, t,, T,, d, 

van der Waals’ constants 

Fluidity 

Viscosity 

Surface tension 

Diffusion coefficient 

Atomic weight 

Molecular weight 

Velocity coefficient of reaction 

Equilibrium constant 

van ’t Hoff coefficient 

Degree of dissociation (electrolytic, thermal, etc.) 


Papyse* x 
my 


» 
aw Re 
wn 








4. Heat and Thermodynamics. 


Temperature (centigrade) 
Temperature (absolute) 
Critical temperature 
Reduced temperature 





List of Phystco-chemical Symbols. 


4. Heat and Thermodynamics—(continued). 


Critical solution temperature 

Quantity of heat 

Entropy 

Specific heat 

Specific heat at constant pressure 

Specific heat at constant volume ........ Soccccccecqcnccoscnccecoeses 
Ratio of specific heats, c, : c, 

Molecular heat 

Molecular heat at constant pressure 
Molecular heat at constant volume 

Latent heat per gram 

Latent heat per mole 

Maximum work (diminution of free energy) 


5. Optics. 


Wave-length of light 

Refractive index 

Specific refractive power (Gladstone and Dale) 
Specific refractive power (Lorentz and Lorenz) 


Molecular refractive power 


Angle of optical rotation 
Specific rotatory power 
Molecular rotatory power 
Specific magnetic rotation 
Molecular magnetic rotation 


Quantity of electricity 

Current intensity 

Resistance 

Electromotive force 

Electrode potential, or discharge potential of an ion 

Electrode potential referred to the normal hydrogen or 
normal calomel electrode respectively, the potential of 
which is taken as zero 

Normal potential, i.e., the electrode potential referred to the 
normal hydrogen or normal calomel electrode respec- 
tively, when the solution is molecular-normal in respect 
of all participating substances and ions of variable con- 
centration 

Dielectric constant 

Conductivity (specific conductance) 

Equivalent conductivity 

Equivalent conductivity at different dilutions—volumes in 
litres containing 1 gram-equivalent 

Equivalent conductivity of cation and of anion 

Equivalent conductivity of specified ions 

Molecular conductivity 

Velocity of cation and of anion in cm./sec. when the poten- 
tial gradient is 1 Volt per CM. ........cceeeseeeeeceseeeeseeeees 

Transport number of cation and of anion 

Magnetic permeability 

Magnetic susceptibility 











Usual 
symbol. 
ee 


cs? cs 


MA KNOY PW 9 NO 


Xr 
n 
Yq, [Yala 
Lon [72], 
Re Fz, 
* 
[Relx» (Rida 
a 


M{a] 
[eo] 
M{[a] 











Alternative 
symbol. 





PY 0R ay 


f 
x 


~he 





List of Physico-chemical Symbols. 


List of Symbols, Arranged Alphabetically. 


Name of quantity. 

Atomic weight; maximum work. 

Van der Waals’ constant. 

Van der Waals’ constant. 

Concentration; molecular heat. 

Concentration; specific heat. 

Molecular heat at constant pressure, and at constant volume. 

Specific heat at constant pressure, and at constant volume. 

Alternative symbol for density. 

Diameter; total differential; density. 

Critical density. 

Reduced density. 

Electromotive force; electrode potential. 

Base of Napierian logarithms; charge on an electron. 

Electrode potential referred to the normal hydrogen or the normal calomel 
electrode, respectively, the potential of which is taken as zero. 

Normal potential, that is, the electrode potential referred to the normal 
hydrogen or the normal calomel electrode respectively, when the solution 
is molecular-normal in respect of all participating substances and ions 
of variable concentration. 

Faraday’s constant (number of coulombs per gram-equivalent of an ion), 

Acceleration due to gravity. 

Height. 

Current. 

Van ’t Hoff coefficient. 

Mechanical equivalent of heat. 

Equilibrium constant. 

Equilibrium constant, when molar concentrations and partial pressures 
respectively are employed. 

Velocity coefficient of reaction. 

Latent heat pei mole. 

Length; latent heat per gram. 

Molecular weight. 

Molecular rotatory power. 

Molecular magnetic rotatory power. 

Mass 


Avogadro’s constant (Loschmidt’s number) or number of molecules in 1 
gram-molecule. 

Refractive index. 

Transport number of cation and of anion. 

Refractive index (alternative symbol). 

Pressure. 

Pressure. 

Critical pressure : reduced pressure. 

Quantity of heat; quantity of electricity. 

Gas constant per mole; electrical resistance. 

Molecular refractive power, according to Gladstone and Dale, and to Lorentz 
and Lorenz respectively. 

Radius. 

Specific refractive power according to Gladstone and Dale, and to Lorentz 
and Lorenz respectively. 

Entropy. 

Absolute temperature. 

Critical temperature (on the absolute scale). 

Reduced temperature (absolute). 

Critical solution temperature (absolute). 

Time; temperature Eee e). 

Critical temperature (centigrade). 

Critical solution temperature (centigrade). 

Reduced temperature (centigrade). : : ; 

Velocity of cation and of anion in cm./sec. when the potential gradient is 
1 volt per cm. 

Volume. 

Volume, 

Critical volume : reduced volume, 





List of Physico-chemical Symbols. 


List of Symbols, Arranged Alphabetically—(continued). 


Name of quantity. 


Electrical resistance (alternative symbol). 

Mole fraction. 

Degree of dissociation (electrolytic, thermal, etc.); angle of optical rotation. 

Specific rotatory power. 

Surface tension; ratio of specific heats. 

Diffusion coefficient. 

Variation. 

Partial differential. 

Electrode potential (alternative symbol); dielectric constant. 

Electrode potential referred to the normal hydrogen or the normal calomel 
electrode respectively, the potential of which is taken as zero (alternative 
symbols). 

Normal potential, that is, the electrode potential referred to the normal 
hydrogen or the normal calomel electrode respectively, when the solution 
is molecular-normal in respect of all participating substances and ions of 
variable concentration (alternative symbols). 

Viscosity. 

Temperature (centigrade), (alternative symbol). 

Specific conductance (conductivity); magnetic susceptibility. 

Equivalent conductivity. 

Equivalent conductivity at different dilutions (volumes in litres containing 
1 gram-equivalent). 

Equivalent conductivity of cation and of anion. 

Wave-length of light. 

Molecular conductivity; magnetic permeability. 

Ratio of circumference to diameter. 

Summation. 

Surface tension (alternative symboi). 

Fluidity. 

Specific magnetic rotation. 
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ABRAMSON, Harotp A. Electrokinetic 
phenomena and their application to biology 
and medicine. (American Chemical Society 


Monograph Series.) New York 1934. pp. 
331. ill. 

Arr Ministry. Material specification. 
D.T.D. 208. Cadmium-copper alloy wires 


and strips. London 1933. pp. 3. 
—— D.T.D. 213. Aluminium-—man- 


ganese alloy sheets and strips. London 1933. 
pp 3. 





—— D.T.D. 223. Glycerin (for use 
in radiators). London 1933. 

Aeronautical Research Committee. Re- 
ports and memoranda, No. 1513. Heats of 
formation of nitrous oxide and carbon dioxide. 
By J. H. AwWBErRy (and others). London 1933. 
pp. 43 + 12 plates. 

No. 1517. Lubrication in 
oxidising conditions. By R. O. KinG and 
C. JAKEMAN. London 1933. pp. 14+ 11 
plates. 

















No. 1549. Fuel volatility 
and carburettor freezing. By W.C.CLoTHIER. 
London 1933. pp. 14 + 7 figures. 

Apis, R.W. See INpIAN Lac RESEARCH 
INSTITUTE. Bulletins Nos. 17 and 19, and 
Research Papers Nos. 9, 11, 13, 14, 15, 16, 17, 
and 18, 

ALLoTT, Eric NEWMARCH. 
VICTOR VON. 

Attsopp, C. B. See TwyMan, F. 

ALTPETER, JULIUS. See MAIER-BopE, HANs. 

AMBLER, HENRY REASON. See LUNGE, 
GEORGE. 

AMERICAN INSTITUTE OF Puysics. The 
Journal of Chemical Physics. Vol. I, etc. 
Lancaster, Pa. 1933 +. (For circulation.) 

AMERICAN PuBLIC HEALTH ASSOCIATION 
and AMERICAN WATER WorKS ASSOCIATION. 
Standard methods for the examination of 
water and sewage. 7th edition. New York 
1933. pp. xxii + 180. 

AMERICAN WATER WorkKs_ ASSOCIATION. 
See AMERICAN PuBLIC HEALTH ASSOCIATION. 








See RICHTER, 


ANNAMALAI UNIVERSITY. Journal. Vol. 
I, No. 2, etc. Annamalainagar 1932 +. 
(Reference.) 


APOTHEEK, DE. Maandelijksch bijblad van 


het Pharmaceutisch Weekblad. Vol. I, etc. 
Amsterdam 1933 +. 


(Reference.) 


ADDITIONS TO THE LIBRARY OF THE CHEMICAL SOCIETY 
DURING THE YEAR 1934. 





HERBERT. Die Dreikohlenstoff- 
ihre biologische Bedeutung. 
Stuttgart 1934. 


APPEL, 
Zucker und 
(Sammlung, N.F. Heft 23.) 


pp. 40. (Reference.) 
ARCHIVO DE MEpIcINA LeEGat. Vol. III, 
No. 3, etc. Lisboa 1930+. (Reference.) 


Arnot, F. L. Collision processes in gases. 
London 1933. pp. viii + 104. ill. 

ASHWORTH, JAMES REGINALD. Smoke and 
the atmosphere : studies from a factory town. 
Manchester 1933. pp. xii+ 131. ill. 

AstBuRY, W. T. Fundamentals of fibre 
structure. London 1933. pp.xii + 188. ill. 

ASTON, FRANCIS WILLIAM. Mass-spectra 
and isotopes. London 1933. pp. xii + 248. ill. 

AUSTIN, REGINALD GEORGE. Aids to 
qualitative inorganic analysis. London 1933. 
pp. x + 204. ill. 

AUSTRALIA, COMMONWEALTH OF. Council 
for Scientific and Industrial Research. Bulle- 
tin No. 77. Studies on the phosphorus re- 
quirements of sheep. I. By Sir CHARLES 
James Martin and A. W. PEIRCE. Mel- 
bourne 1934. pp. 44. ill. 

AUSTRALIAN CHEMICALINSTITUTE. Journal 
and Proceedings. Vol. I, etc. Melbourne 
1934 +. (Reference.) 

AwWBERY, J. H. See AIR MINISTRY. Aero- 
nautical Research Committee. Reports and 
memoranda, No. 1513. 

BAILLEUL, G., HERBERT, W., and REISE- 
MANN,E. Aktive Kohle und ihre Verwendung 


in der chemischen Industrie. Stuttgart 1934. 
pp. viii+ 95. ill. 
BAKER, JOHN WILLIAM. Tautomerism. 


London 1934. pp. viii + 332. 
Batcu, R.T. See UNITED StatTEs. Depari- 
ment of Agriculture. Circular No. 304. 
BarKER, S. G. See EMPIRE MARKETING 
BoarpD. 
Barr, Guy. 
SEARCH AND DEVELOPMENT COUNCIL. 
nical Publications. Series A. No. 6. 
BELINNE, Cu. L. See MattTuis, ALFRED R. 
Bett, R.W. See UNITED States. Depart- 
ment of Agriculture. Circular No. 279. 
BEREK, Max. See RINNE, FRIEDRICH. 
BEssEyY, GEORGE EpWARD. See DEPART- 
MENT OF SCIENTIFIC AND INDUSTRIAL RE- 
SEARCH. Building Research. Special Report 
No. 21. 


See INTERNATIONAL TIN RE- 
Tech- 










BLACKTIN, S. Cyrir. Dust. London 


1934. pp. xii + 296. ill. 

BOLLETTINO DEL REPARTO FIBRE TESSILI 
VEGETALI. See R. STAZIONE SPERIMENTALE 
PER LE INDUSTRIE DELLA CARTA E DELLE 
FIBRE TESSILI VEGETALI. 

BoMBAY PRESIDENCY. Department of In- 
dustries. Bulletin No. 9. The possibility of 
the use of magnesium chloride in the sizing 
process of handloom weavers. By P.N. Josui 
and J. F. VALLADARES. Bombay 1934. pp. 
ii + 13. 

Bone, WILLIAM ARTHUR. Britain’s coal 
problems: being the Watt Anniversary 
Lecture for 1934. Greenock 1934. pp. 30. 

Borax CONSOLIDATED, Ltp. Modern com- 
mercial glasses: boric oxide and other minor 
constituents. London 1934. pp. 60. 

BoswELL, PERcY GEORGE HAMNALL. On 
the mineralogy of sedimentary rocks : a series 
of essays and a bibliography. London 1933. 
pp. x + 394. 

Boucy, E. Chimisme de quelques hybrides 
de betteraves. Bruxelles 1933. pp. iv + 76. 
ill. 

BraGcG, Str WILLIAM HEnrRy, and Braaa, 
WILLIAM LAWRENCE. The crystalline state. 
Vol. I. A general survey. London 1933. 
pp. xiv + 352. ill. 

BraGG, WILLIAM LAWRENCE. 
Str WILLIAM HENRY. 

BREZINA, ERNST. 


See BRAGG, 


Die gewerblichen Ver- 
giftungen und ihre Bekampfung. Stuttgart 


1932. pp. viii + 288. 

BRIDGMAN, PERcy WILLIAMS. The thermo- 
dynamics of electrical phenomena in metals. 
New York 1934. pp. viii+ 200. ill. 

Brisco—E, H. V. A. See INSTITUTE OF 
CHEMISTRY OF GREAT BRITAIN AND IRELAND. 

BritIsH DruG Houses, Ltp. The B.D.H. 
book of reagents for ‘‘ spot” tests and delicate 
analysis. 3rd edition. London 1934. pp. 
viii + 68. (Reference.) 

British DruG Houses, Ltp., and HopxKIN 
& Wituiams, Ltp. ‘“ Analar”’ standards for 
laboratory chemicals: being improved stand- 
ards for the analytical reagents formerly known 
as “ A.R.” London 1934. pp. xvi + 295. 

BriTIsH GutIaNaA. Department of Agri- 
culture. Sugar Bulletin No. 2. Field experi- 
ments with sugar cane, II. By C. H. B. 
WItuiaMs and R. R. FoLLett SMitH. George- 
town, Demerara 1933. pp. viii+ 50. ill. 

BRITISH JOURNAL OF PHOTOGRAPHY. Vol. 
LXXIV, etc. London 1929+. (Reference.) 

BRITISH PHARMACEUTICAL CODEXx 1934. 
London 1934. pp. xxvi + 1768. (Reference.) 

BritTIsH PLastics YEAR Book 1934. The 
handbook and guide to the plastics industry. 
London 1934. pp. 566. ill. (Reference.) 


BRITISH STANDARDS INSTITUTION. British 
standard specifications, No. 334—1934. Chem. 
ical lead (types A & B). (Revised May, 
1934.) 

No. 515—1933. Crude carbolic 
acids, 60’s and 45’s. 

No. 516—1933. Distilled car- 
bolic acids, 60’s and 45’s. 

No. 517—1933. Cresylic acid of 
high orthocresol content. 

No. 521—1933. Cresylic acid 
(50/55 per cent. metacresol). 

No. 522—1933. 
metacresol, and paracresol. 

No. 523—1933. Phenol. 

No. 524—1933. Refined cresylic 
acids, grades A and B,. 

No. 526—1933. Definitions of 
gross and net calorific value. 

No. 541—1934. British standard 
technique for determining the Rideal-Walker, 
coefficient of disinfectants. 

No. 549—1934. 


Orthocresol, 


Diacetone 
alcohol. 

No. 551—1934. Normal butyl 
acetate. 

No. 552—1934. Amy] acetate. 

—— —— No. 553—1934. Ethyl acetate. 

No. 554—1934. Report on stand- 
ard temperature of volumetric glassware. 

No. 558—1934. Nickel anodes 
(for electroplating). 

No. 564—1934. Nickel ammon- 
ium sulphate and nickel sulphate for electro- 
plating. 

No. 568—1934. Method for the 
determination of phosphorus in coal and coke. 

No. 571—1934. Distillation 
flasks. 

No. 572—1934. Interchangeable 
conical ground glass joints. 

No. 573—1934. Dibutyl phthal- 


ate. 

No. 574—1934. Diethyl phthal- 
ate. 

No. 575—1934. Carbon tetra- 
choride. 

No. 576—1934. Glacial acetic 
acid and dilute acetic acids. 

No. 577—1934. Hexachlorethane 
(hexachloroethane). 

No. 578—1934. Technical acetic 
acids. 

No. 579—1934. Technical ether. 

No. 580—1934. Trichlorethylene 
(trichloroethylene) (technical and stabilised). 

Britton, Husert T. S. Conductometric 

analysis. Principles, technique, applications. 
(Monographs on Applied Chemistry.) London 
1934. pp. xii+ 178. ill. 





Irvin C. See UNITED STATEs. 
Technical Bulletin 


' Brown, 
Department of Agriculture. 
No 399. 

BuGBEE, Epwarp E. A textbook of fire 
assaying. 2nd edition. New York 1933. 
pp. xii + 300. ill. 

BurGEss, MAURICE JOHN. See MINEs DE- 
PARTMENT. Safety in Mines Research Board. 
Papers Nos. 81 and 83. 

BURKHARD, ARNOLD. Qualitative mikro- 
skopische Analyse. (Mikroskopisch-chemi- 
scher Nachweis der wichtigsten Kationen und 
Anionen.) Ziirich 1933. pp. vi+ 49+ 13 
tables. (Reference.) 

Butter, J. A. V. The fundamentals of 
chemicalthermodynamics. PartII. London 
1934. pp. x + 271. ill. 

Byers, Horace G. See UNITED STATES. 
Department of Agriculture. Technical Bulletin 
No. 399. 

CAMERON, ALEC MuNRO. 
relation to fire risk and fire extinction. 
don 1933. pp. xiv + 278. 

CAMERON, ALEXANDER THOMAS. 
book of biochemistry. 4th edition. 
1933. pp. xii + 556. ill. 

Recent advances in endocrinology. 
London 1933. pp. viii + 366. ill. 

CAMPBELL, NORMAN ROBERT, and RITCHIE, 
DorotHy. Photoelectric cells, their properties, 
use, and applications. 3rd edition. London 
1934. pp. viii + 223. ill. 

CaROoN, HuBeEertT, and Raguet, D&sIRE. 
Analyse chimique quantitative a l'aide 
de liqueurs titrées. Paris 1934. pp. iv 4- 
304. 

CHATTERJEE, A. C. Bibliography of lac. 
Calcutta 1933. pp. 129. 

CHEMIE-INGENIEUR, DER. Vol.I. Partiv. 
Elektrische und magnetische Materialtrennung 
{und} Materialvereinigung. By ARNOLD 
EuckeNn [and others]. Leipzig 1934. pp. 
viii + 309. ill. 

CHEMIST, THE. 
(Reference.) 

CHEMISTRY IN COMMERCE. 
EpwarpD Mo ttoy and M. D. CurRWEN. 
etc. London 1934+. (Reference.) 

CHINESE CHEMICAL SoclIETy. Journal 
Vol. I, etc. Peiping 1933 +. (Reference.) 

CLARK, ALFRED JOSEPH. Applied pharma- 
cology. 5thedition. London 1933. pp.x + 
632. ill. 

CLarRK, C. H. DoucGtras. The electronic 
structure and properties of matter: an intro- 
ductory study of certain properties of matter 
in the light of atomic numbers, being Vol. I of a 
comprehensive treatise of atomic and mole- 
cular structure. London 1934. pp. xxvi + 
374. ill. 


Chemistry in 
Lon- 


A text- 
London 


2 vols. London 1824-25. 


Edited by 
Part I, 


CLARKE, S. G. See INTERNATIONAL TIN 
RESEARCH AND DEVELOPMENT COUNCIL. 
Technical Publications. Series A. No. 1. 

CLOTHIER, W.C. See AIR MINISTRY. Aero- 
nautical Research Committee. Reports and 
memoranda, No. 1549. 

CoLtor, WILLEM. Bijdrage tot de kennis 
van vervaardiging, eigenschappen en ver- 
werking der acetaatzijde. Amsterdam 1934. 
pp. xvi + 363. ill. (Reference.) 

ConTI, PRINCE PIERO GINORI-. 
Istituto del Boro-Silicio di Firenze. 
1934. pp. 15. ill. 

Il vetro di ottica. 
Assoz. Ottica Ital., 1934.) 
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